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Fellow Horologists:

The first issue of 1993 brings you the newly updated index
of previous Journal issues, as prepared by our member, Bill
Ellison, FNAWCC. This index covers Journal articles which
appeared in issues from March 1972 through December 1992.

We suggest that the reader review the preliminary information

in order to gain a better insight into the manner in which the
material is indexed along with some corrections needed to ident-
ify 2 issues. A debt of gratitude is due Bill for his efforts
on behalf of the chapter... Thanks for this cutstanding job!

A frequent question asked of the editorial team covers the sub-
Ject of meetings... When and where does the Electrical Horology
Society meet? The a

nswer requires some explanation... Due to
the non-geographical nature of the group,

any attempt at meeting
would involve only a handful of our membership. As a result, we
encouraged the establishment of "branch chapters" who could pro-
vide a meeting locale wherever practical. This resulted in the
formation of Chapter 125, the MIDWEST HOROLOGY GROUP, meeting in
the Chicago area, and Chapter 133, WESTERN ELECTRICS, meeting in
the Los Angeles area.

Chapter 78, the parent group, holds an in-
formal meeting in the N

ew York area approximately once a year,
in one of the member's homes.

The best is yet to come, however...
Plans were made a few years ago, to provide the facility to meet
on a more frequent basis which resulted in an annual meeting at
the Ft. Mitchell Regional, as well as the Great Lakes Regional in
Dearborn, Michigan.

We have additionally requested of the Program
Committee of the NAWCC National Convention, a meeting room and ad-
vertising in the program to advise intereste

d members, and hope
to make this an annual event. In summation,

we are trying to pro-
vide more frequent and diversified meetings for the future, as
conditions permit. Let us hear from you on this subject...

The MART in this issue includes those ads that were newly sub-
mitted, with the old ones eliminated as discussed in our last edit-
orial.

If you would like an ad in the MART, please advise Harvey
Schmidt, our secretary-treasurer, and it's a done deed|

We've also included in this issue, a reprint of a few pages that
appeared in the KEYSTONE JEWELER'S INDEX of 1931 that will almost
certainly bring on a feeling of nostalgia.

Some of the oldies have
a charm all of their own that cannot be ignored.

In closing, let us remind the membership that DUES ARE DUE again,
and if you haven't paid vyet, please send it in NOW. 1It's a real
nuisance to delete a member's name from the roster for non-payment
only to have to put i* back again a month or two later!

Enjoy this issue... Good reading ahead.

Martin Swetsky, FNAWCC, President
Harvey Schmidt

Dr. George Feinstain % Co-REditors



FOOD FOR THOUGHT.....

A bit of trivia and assorted useful and useless information...

A LESSON FROM THE GEESE

ave you ever stopped to think about why geese
fly in formation? When flying in a “V". the {lap
of each goose's wings creates an "uplift” for the
bird flying behind. The flock thus achieves about 70
percent more flying range than if each goose
were to fly alone.
Perhaps this is a lesson from nature that can be
apptlied to all of us. When workers, for example. share
a common sense of purpose and direction, they can get where

they are going faster and easier by moving ahead on the “thrust”
of one another.

Doesn't this hold true for our organization as well? Why not
pull together and make our chapter even better... Submit that
article for publication, offer some helpful hints, tell us about
the shortcut that you discovered, but participate!

THE B0H:z
FROM THE
POWER
COMPANY

© many people, the 60 Hz

delivered from the power

company is just that: bU Ha.

To anyone who has ever monitored

the frequency. however, you realize

that the frequency Is only nominally
60 Ha. .

In real life. the power grid is a
dynamic sysiem. Every single load
that you add to a power- system
lowers the frequency from the huge
industrial loads that measurably re-
duce the frequency to the smallest
loads (night lights. ‘PLUG INS.' wall
wransformers) that are for ali practical
purposes unmeasurable. The cumu-
lative effects of all these loads going
on and off at unpredictable times is
whal causes the power company to

have o ‘chase’ the frequency contin-
vously

Al the central control point of a
power company there is some equip-
ment designed to receive one of the
several time and frequency standards
maintained by NBS, the National
Bureau-of Standards. NBS transmits
the time on several frequencies and
using a variety of methods. WWVB
transmits data on a 60 KHz carrier
wave, WWVB transmits volce and
sub-audible data on 5, 10. and 15
Mhz. There are two satellite systems
that can be used for precise frequen-
cy and time data. the GOES sateliites
and the GPS (Giobal Positioning
System) satellites.

No matter which method is used at
the power company, however, they
keep track of two parameters: the
instantaneous frequency. and the
cumulative time error. The.Conirol
Center tries 10 keep the {requency on
60 Hz within several guidelines. The
first guide Is that the frequency at no
time will go below 58.000 Hz. At this
frequency. automatic equipment at
the substations will open breakers in

an atiempt to relieve the system ol
load.

The second guideline i1s that at no
time will the cumulative time error be
behind by more than 10 seconds.

This rule has one interesiing oll-
shoot: ‘

If you have a clock that gets its
timing from the 60Hz power
line, whether the clock Is digi.
tal or consists of a synchro-
nous motor, that clock is likely
10 be the most accurate clock
you can have!

The reason for this is that even
though you may have a digital watch
that is accuraie to 1/2 second per
month, since it has essentlally no
feedback to any other standard. it
can drft by a 1/2 second every
month The clock attached 1o the
power line is going 10 speed up and
slow down on a fairly unprediciable
basis. but at no time will it ever be
more than 10 seconds behind or 3
seconds ahead! This applies to.the
time for a one year period. a two
year period. or whatever period you
select. Always an error of not . less
than 10 and not more that 3% Of
course. to obtain this precision. re-
quires thal the power 10.the clock be
unintgrrupted power — something

thal is becoming harder and harder
to come by.
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INDEX_OF THE JOURNAL OF THE ELECTRICAL HOROLOGY SOCIETY

Introduction

The following pages contain the Index of the Journal of the Electrical
Horology Society. This Index was developed primarily for use by the
collector of electro-mechanical clocks and the intended purpose of the |ndex
is to locate information concerning a particular clock. As a consequence, if
a clock is commonly referred to using different names (ie. "Gents Pul-syn-
etic" and "Pul-Syn-etic") articles will be indexed under both names. |In
instances where companies operated under different names such as is the case
with [.T.R., IBM, and Simplex; the information contained in this Index is
listed under the name which was in use when the information was produced.

In searching for information concerning a particular clock, users are
encouraged to examine the information with the latest date and to then work
backwards in time. This is not a criticism of earlier authors, it is Jjust
that, over the years, a great deal has been learned about electro-mechanical

clocks. Also, many of the later articles used earlier articles as a source
of information.

During the period of time from May 1976 until June 1981, Dr. George Feinstein
edited a Question and Answer colum entitled "The Electric Time Machine."
Subjects covered in the ELectric Time Machine are noted in the Index.

Information contained in the Electric Time Machine is usually relatively
succinct.

Different numbering systems were applied to the Journal over the years. As a
consequence, it was decided to use the month and year of the Journal as the
means of identifying each Journal. Some issues of the Journal are identified
as covering several months. Only the first month is listed in the Index.

For example, the masthead for the issue originally identified as Volume X1,
Issues #5-6 is dated October-December 1985. In this index, this issue is
identified as the October 1985 issue.

For those who have back issues of the Journal available, two issues need to
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be dated in order ﬁo bring them into agreement with this Index. The first is
the issue which was mailed out during the first part of 1987 and has no date
nor volume identification. The first page of this issue begins as follows:

"Fellow Horologists:

In this, our second issue of the EHS Journal...".
This issue of the Journal should be identified as "April 1987."

The second issue which needs to have a date added follows inmediately and is

identified as Volume X1V, #1. A date of '"January 1988" should be added to
this issue.

This iIndex is based on earlier indexes of '"The Journal of the ELectrical
Horology Society" prepared by Marty Feldman, the original editor of the
Journal for 15 years. Particular thanks are extended to Marty for all his
efforts on behalf of electrical horology. Special thanks are due to the
editorial conmittee of Messrs. Martin Swetsky and Harvey Schmidt, and Dr.
George Feinstein who have kept the technical and interest level of issues of
the Journal constantly high. This was particularly evident as | updated the
Index of the Journal and reviewed the articles of the past three years.

Bill Ellison January 1993

INDEX OF THE JOURNAL OF THE ELECTRICAL HOROLOGY SOCIETY

MARCH 1972 - DECEMBER 1992

150 Years of Electrical Horology; Crum and Keller September 1992
AC Clocks; Development of by H. E. Warren June 1978
Accutron, Technical Discussion of; 1969 SAE Paper March 1991
Acrotyne - Tuning Fork Clock Manufactured by Seth Thomas April 1985
American Clock Co.; Installation and Care Manual-Part 1 February 1984
American Clock Co.; Installation and Care Manual-Part 2 April 1984
American Clock Co.; Installation and Care Manual-Part 3 June 1984
American Clock Co.; Photograph of Clock September 1974
American Clock Company Advertisement December 1990
American Clock Company Advertising Brochure February 1980

2
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American Electric Clock Makers; Listing of

Aron, Herman [Electric Time Machine]
Astronomical Regulators, Catalog of; SYnchronane
ATO (Junghans Transistorized Clock)

ATO (Junghans) Technical Description and Servicing
Instructions for Single Clocks - Part 1

ATO (Junghans) Technical Description and Servicing
Instructions for Single Clocks - Part 2

ATO 1000-Day Clock; Technical Analysis of

ATO Battery Electric Clock; Description and Catalog
ATO Cathedral Mantel Clock; Photograph of

ATO Regenerative Pendulum System

ATO Set-Up Instructions (In French)

ATO [Electric Time Machine]

Automatic Electric Clock Co. (Same as American Clock Co.)

Automotive Electric Clocks

Barr Clock Escape Wheel Drawings

Basic Electricity as Applied to Horology
Battery Building Supplies (ca 1920)

Battery Eliminator Schematic

Battery Instructions for the Operation of Exide Cells

Battery Testing; Techniques and Equipment
Battery, How to Rebuild Dry Type (1895)
Battery, Metallic Galvanic made by "Eagles"

Battery; Copy of Cardboard Outside Cover

Beat Amplifier and Inductive Pick-Up for Repair - Helpful Hint

Beat Amplifier Construction

June
June
December

December

October

December
December
August
June
December
December
August
February
October
December
June
October
November
February
December
October
October
December
October

October

1982
1981
1992

1988

1980

1982
1982
1980
1983
1988
1977
1976
1980
1985
1982
1980
1990
1974
1989
1978
1990
1990
1980
1990

1976



Brillie Master Clock Formerly Located in Bell Lab. (Photo)

British Electromagnetic Clock Patents; Listing by Year
Building an Electric Clock; 1917 (Hipp.Toggle Design)
Bulle Clock (Electrical Horological Journal Magazine)
Bulle Clock - Use of Contact Cleaner for Contacts (Hint)
Bulle Clock [Electric Time Machine]

Bulle Clock; Exploded View of Early Model

Bulle Clock; Review of "La Bulle" (A Book in French)
Bulle Clock; Suspension Repair Techniques

Bulle Clock; Technical Repair Hints

Campiche Master Clock; Photograph of

Cell (Battery); Information - Railway Signal

Chapter 78 - NAWCC Presidential Citation - 1981
Chapter 78 - NAWCC Presidential Citation - 1982
Chapter 78 - NAWCC Presidential Citation - 1983
Chapter 78 - Official Formation Announcement and Roster

Chapter 78 Exhibit at New York Regional

Chapter 78 Membership Roster as of February, 1975
Chapter 78 Membership Roster as of January, 1973
Chapter 78 Membership Roster as of May, 1977
Chapter 78 News and General |nformation

Chapter 78; NY Chapter Meeting Report

Chapter 78; Tenth Anniversary |ssue of "The Journal of
the Electrical Horology Society

Chapter 78; Welcome to New Members and First Roster
Chronometers; Electrical by Thomas Mercer, Advertisement

Chronos [Electric Time Machine]; Photograph of

February
December
October
April
December
August
December
April
February
September
June
December
August
August
August
October
April
February

February

1984
1990
1990
1978
1988
1976
1988
1976
1973
1974
1978
1988
1981
1982
1983
1973
1982
1975

1973

May 1977

July

June

August
March
October

June

1973

1983

1982
1972
1985

1981
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Cleaning Enamel Insulated Magnetic Wire; Helpful Hint
Coil Repairing; Techniques of
Colin Walton Clock Kits - Advertisement

Colin Walton Clock Kits; Advertisement and Caments
on Building a Colin Walton Kit Clock

Contact Lubricant Source - Hint

Contacts - The Bane of Electrical Horology

Contacts; ldeal Switch Contacts - Part 1

Contacts; Ideal Switch Contacts - Part 2

Contacts; Ritche Clock System; Photograph of

D. E. H. 0. Clock [Electric Time Machine]; Photograph of

Darche Manufacturing Company (Alarm Clocks) [Electric
Time Machine]

OC Motor Clock; Constant Speed DC Motor Clock with
Chronometric Governor - Technical Description

Decimal Inch and Millimeter Equivalent Chart

Development of Synchronous Electric Clocks; Warren, H.E.
Discussion of Synchronome Clock Leaflet; Aked, Charles K.
Drawbaugh Electric Clock Advertising 1874

Early Electric Clocks (Translation of an 1822
Italian Manuscript)

Earth Cells, How to Make
Eastman, Joseph - Electrical Horologist?
Electric Clock Makers; Listing of American

Electric Clock Makers; Listing of American (Up to
1930) Including Dates of Activity

Electric Clock Movement Photographs: Includes Self-Winding

Clock Company (Champagne, |1linois), Self-Winding Clock

Company (New York), Rempe, Tork, New York Standard Watch

Co., and three unknown makers

October 1990
April 1973

February 1979

February 1980
December 1988
October 1983
June 1979
August 1979
June 1978

June 1981

May 1976

August 1980
October 1983
April 1992
March 1991

October 1991

June 1975
March 1991
April 1982

June 1882

August 1983

March 1977
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Electric Clock; Article Describing a German Clock, Taken

from "The Jewelers' Circular and Horological Review'; 4/84 December
Electric Clocks in Boston in 1853; Time Ball Proposal October
Electric Clocks; A Primer for Working With February
Electric Hour Striking Mechanism; How to Make (1918) December
Electrical Experiments Leading to the Electronic Watch February
Electromagnetic Clock Literature of the 19th Century December
Electrometers (Sempire) Advertising and Prices December

Electronic Method of Counting Pendulum Swings (Modification
of a Matlock-Collins Clock. Article includes a method for

impulsing a free pendulum electronically.) February
Elix Reform Movement October
Eureka Clock Repair May
Eureka Clock Survey Results (Report on an English Survey) December
Eureka Clock; Instructions for Making and Repairing July
Fedchenko Electro-Mechanical Astronomical Regulator February
Fedchenko |sochronous Pendulum (Translation of a Russian

Article "Measurement of Time) - Part 1 . May
Fedchenko |sochronous Pendulum (Translation of a Russian

Article '""Measurement of Time) - Part 2 October
Free Pendulum Clock with Liquid Escapement October
Free Pendulum, The; Lecture by Frank Hope-Jones December
Free Pendulums, A Report on the Characteristics of May

Gents PUL-SYN-ETIC Clock Installation, Repair, and Maintenance
Manual - Part 1

June

Gents PUL-SYN-ETIC Clock Installation, Repair, and Maintenance
Manual - Part 2 . October
Gill, David; Precision Clock Designer May
Grav-Electric Clock (American Clock Co.) Advertisement February
Grubb, Sir Howard; Description of Electric Clock Design October

1982
1990
1979
1990
1984
1990

1981

1978
1979
1990
1978
1987

1977

1977

1977
1878
1992

1991

1985

1985
1991
1980

1990

.



Hamilton Sangamo Electric Clock Service Manual

Hansen Signal System (Clock) Catalog

Hayden Century Clock, Description of (July 1896 Article)
Herschede Electrically Wound Clock Instruction Book
Hipp Contact System; Master Clocks Using - Part 1

Hipp Contact System; Master Clocks Using - Part 2
Hoggson Patent Clock; Description of

Holtzer-Cabot Electric Campany Master Clock Inst.-Part 1
Holtzer-Cabot Electric Company Master Clock Inst.-Part 2
Hope-Jones, F.; Lecture on Free Pendulum Clocks

Howard Clock Repairs & Maintenance; Listing of Charges
Howard Electric Master Clock Catalog (ca 1918)

Howard Model 89 Self-Winding Master Clock

IBM (ITR) Type 25 Master Clock Parts Manual - Part 1

IBM (ITR) Type 25 Master Clock Parts Manual - Part 2
Imperial Clock Corporation Advertising

Imperial Electric Clock Co. Advertisement

Improvements to Astronomical ClLocks; Aked, Charles K.
Index of "Model Engineer" Articles (Complete)

Index of "Model Engineer" Articles (Partial) - Part 1

Index of "Model Engineer" Articles (Partial) - Part 2

Index of Electric Clock Patents - Part 1
Index of Electric Clock Patents - Part 2
Index of Electric Clock Patents - Part 3
Index of Electric Clock Patents - Part 4

fndex of Electrical Horology Articles in the "American
Horologist and Jeweler" 1941-1975

December
December
April

May

1979
1989
1983
1991

December 1977

August
September
June
August
December
May
March
October
December
April
April
December
May
April
December
February
January
April
July

January

October

1978
1974
1981
1981
1992
1991
1990
1978
1980
1981
1986
1990
1991
1973
1972
1973
1987
1987
1987

1988

1979



Index of Franklin Institute Electrical Clock Literature

Index of the Journal of the Electrical Horology Society;
December 1979 - December 1981 (Republished 10/82)

Index of the Journal of the Electrical‘Horology Society:
December 1979 - December 1981 (Repeat of article 2/82)

Index of the Journal of the Electrical Horology Society:
1972 - 1983

Index of the Journal of the Electrical Horology Society:
Through October 1979

Index of the Journal of the Electrical Horology Society:
March 1972 through April 1989

ITR (IBM) Service Instructions for Model #222 - Part 1
ITR (1BM) Service Instructions for Model #222 - Part 2
ITR (I1BM) Service !nstructions for Model #222 - Part 3
ITR (I1BM) Service Instructions for Model #222 - Part 4

ITR (1BM) Slave Clock Regulation

ITR (1BM) Time Recorders; Production Dates versus Serial
Numbers (Includes Simplex Recorders)

Jefferson "Golden Hour'" Mystery Clock Repair Information
Kennedy Electric Clock Company Prospectus

Kennedy Electric Clock; Photograph of

Kennedy Electric Clock; Photograph of

La Bulle Clock Book Review (Book in French)

Listing of American Electric Clock Makers

Listing of Articles in "Model Engineer" (Complete)

Listing of Articles in "Model Engineer" (Partial) - Part 1

Listing of Articles in "Model Engineer" (Partial) - Part 2

Listing of Chapter 78 Members' Clocks

Listing of Chapter 78 Members' Clocks

August

February

October

December

October

September
January
April
January
December

December

December
April
January
December
January
April
June
April
December
February
June

February

1976

1982

1982

1983

1979

1989
1987
1987
1988
1988

1988

1980
1985
1986
1979
1986
1976
1982
1973
1972
1973
1972

1973
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Listing of Clock Literature at the Franklin Institute

Magneta Clock Manual - Part 1
Magneta Clock Manual - Part 2
Magneta Clock Manual - Part 3

Magneta Clock Manual - Part 4

Magneta Electric Clock System

Magneta Master Clock; Description of

Magnetic Clock Escapement; Technical Description of

Measurement of Time; by Konstantinov (Describes
Fedchenko Astronamical Clock) - Part 1

Measurement of Time; by Konstantinov (Describes
Fedchenko Astronomical Clock) - Part 2

Mercury Switch for Pendulum Control; Article Describing
Milliammeter for Repair; Helpful Hint

National Self-Winding Clock Campany Advertising

National Self-Winding Clock Company Movement Photograph
National Self-Winding Clock Company; Description of Clock
National Self-Winding Clock Company; Description of Mvt.
National Self-Winding Clock Company; Listing of Patents
NAWCC 1992 National Conv. Exhibit & Souvenier Book

New York Standard Watch Company; Advertisement

New York Standard Watch Company; Advertising and Prices
New York Standard Watch Company; Movement Photograph

New York Standard Watch Company; Reprinted from the
NAWCC Bulletin - February 1961, Volume IX, Number 8

Niagara Clock Company [Electric Time Machine]
Patent: #256,256 (Absurd Alarm Device)

Patent: Crane, A.S.; #301,569 (Electro-magnetic Clock)

August
December
February

April
June
November
November

February

May

October
February
October
July
March
September
November
February
September
December
June

March

April
August
August

April

1976
1982
1983
1983
1983
1974
1974
1980

1977

1977
1984
1990
1986
1977
1974
1974
1974
1992
1990
1980

1877

1975
1976
1978

1987
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Patent: Davis, W.M.; #120,185 (Electro-magnetic Clock)
Patent: Dickinson, S.C; #346,094 (Electric Clock Mvt.)
Patent: Drawbaugh, D.; #367,898 (Magnetic Clock)

Patent: Ethridge & Eastman; #536,962 (Mercury Switch
Applied to Electric Winding Mechanism)

Patent: Farmer, M.G.; #9,279 (First U.S. Patent for an
Electro-mechanical Clock)

Patent: Fenner, R.E.; #345,292 (Electric Clock)

Patent: Fisher, S.; #555,313 (New York Standard Watch Co.)
Patent: Gerry, J.H.; #405,089 (Electric Clock)

Patent: Grregory, Fred |.; #535,370 (Striking Clock)
Patent: Hall, A.; #11,723 (Early Electric Clock)

Patent: Kennedy, S.A.; #71,624 (Electric Clock)

Patent: Kennedy, S.A.; #71,624 (Electric Clock)

Patent: Kennedy, S.A.; #99,321 (Electric Clock)

Patent: Kennedy, S.A.; #99,321 (Electric Clock)

Patent: Menns & Dudley; #457,030 (Mercury Switch)

Patent: Pond, C.A.; #308,521 (Self-Winding Clock Co,
2 Pole Winding Motor)

Patent: Rempe, H.; #737,019 (Rempe Electric Clock)
Patent: Sheehy, R.J.; #179,873 (Printing Chronograph)
Patent: Thompson, W.H.; #1,060,380 (Seth Thomas Electric)
Patent: Tiffany, G.S.; #754,397 (Tiffany Never-Wind)
Patent: Tiffany, G.S.; #754,398 (Tiffany Never-wind)

Patent: Vande Plancke and Vande Plancke; #446,801
(Electrically Impulsed Clock)

Patent: Vande Plancke and Vande Plancke; #446,801
(Electrically Impulsed Clock)

Patent: Warren, H.E.; #1,160,346 (Warren Type C Clock)
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August
December

January

April

January
April
April
October
October
April
July
April
July

January

June

March
May
August
February
April

August

February

May

February

1978
1988

1988

1982

1987
1977
1978
1991
1990
1978
1977
1986
1977
1986

1982

1977
1976
1984
1981
1976

1975

1989

1990

1977



Patent: White, C.H.; #901,050 (American Clock Campany )
Patents, English Electric Clock 1840-1900, Listing of
Pendulum; Free (Description of a Liquid Escapement Clock)
Pendulum; In Search of a Friction Free

Pendulum; The Isochronous Oscillations of (Fedchenko)
Perret, David; A Remintoir Clock

Perret, David; Electric Clock System (Reprint from 1924)
Philadelphia College of Horology, Advertisement
Portescap/Secticon Electric Clock Service Informat jon
Power Supply (DC) [Electric Time Machine]

Power Supply, Variable Voltage (110 VAC Powered)

Power Supply, Variable Voltage (Battery Powered)

Printed Circuit Board Production for the Craftsman
Pul-Syn-Etic (Gents); Operation and Maintenance - Part 1

Pul-Syn-Etic (Gents); Operation and Maintenance - Part ?

Quartz Crystal; An Old Clock is Made Highly Accurate - Part 1

Quartz Crystal; An Old Clock is Made Highly Accurate - Part 2

Radio Broadcast Timing; Article Describing

Reclus, Victor [Electric Time Machine]; Photograph of Clock
Réctifier, Type C (Copper Oxide); General Instructions
Rempe Manufacturing Company; Description of Clock

Rempe Manufacturing Company; Photograph of Movement

Report of the Puget Sound Branch (Humor)
Ritche Clock Contact System; Photograph of
Rudd, R.J.; Free Pendulum Clock

Rudd, R.J.; Free Pendulum Clock Design
Sangamo Clock Company Sales Catalog - Part 1

LA

June
December
October
December
May
February
February
December
October
August
May

May
April
June
October
February
April
December
June
August
November
March
August
June
October
December

August

1984
1991
1978
1982
1977
1974
1983
1990
1991
1976
1990
1990
1979
1985
1985
1975
1975
1989
1981
1981
1975
1977
1982
1978
1991
1982

1984



Sangamo Clock Company Sales Catalog - Part 2
Sangamo Clock Company Sales Catalog - Part 3
Sangamo Clock Company Sales Catalog - Part 4
Sangamo Clock Company Sales Catalog - Part 5

Sangamo Clock Company; History of

Sangamo Clock Company; Photograph of Movement

Scott, H; Photograph of Clock

Screw Thread Information (BS, French, and DIN Threads)
Screws; Common Standard Shapes (Chart)

Seimens Clock; Description (Translation of a French Article)

Seimens Clock; Repair of Master Clocks (Translation
of a Qerman Article)

Seimens-Halske Master Clock; Photograph of
Self-Winding Clock Company; Advertisement (1886)
Self-Winding Clock Company; Cast Iron Mounting Bracket

Self-Winding Clock Company; Comparison of Motion Works
for Type "F" and Type "FS"

Self-Winding Clock Company; Comparison of Parts for
Type "F" Movements

Self-Winding Clock Company; Description of a Desk Model
Self-Winding Clock Company; Diagram of Circuits (1/30/39)

Self-Winding Clock Company; Effectiveness of the Type "F"
Movement Shunt

Self-Winding Clock Company; History of

Self-Winding Clock Company; Installation and Care Manual,
Includes Rotary, Type "C", and "F'" Motors

Self-Winding Clock Company; Instructions for Adding Remote
Switch for Synchronization of Slave Clocks

Self-Winding Clock Company; Photograph of the Type "C"
Rotary Movement
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October
December
February

April
June
June

August
October
October

October

October
June
February

December

December

August
June

April

February

June

April

June

June

1984
1984
1985
1985
1983
1983
1983
1991
1983
1975

1975
1978
1983

1981

1981

1982
1982

1982

1984
1983

1989

1975
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Self-Winding
Self-Winding
Self-Winding
Self-Winding
Self-Winding
Self-Winding
Self-Winding
Self-Winding
Self-Winding

Self-Winding

Clock‘Ccﬂpany;
Clock Company;
Clock Company;
Clock Company;
Clock Company;
Clock Company;
Clock Company;
Clock Company;
Clock Company;
Clock Company;

Photograph of a Desk Model
Photograph of "F'" Movement

Photo of Early Single Pole Motor
Photograph of Round Case Clock
Photograph of the 2 Pole Motor
Photograph of Type A Movement
Removing and Installing Movements
Styles for Hands

Wiring for Metal Cased Clocks

Wiring for the Type "C" Motor

Sempire Clock Company (Electrometers); Advertising and Prices

Sempire Clock Company (Electrometers); Operation of the Switch

Seth Thomas Electric Clock Movements; Catalog of

Shortt, W.H.; Shortt-Synchronome Clocks

Shortt-Synchronome Clocks, Locations of

Simplex Time Recorder Campany; Installation, Setting,
and Programming Units

Simplex Time Recorders (1BM) Production Dates vs. Serial No.

Slave Clock Timing Signal Distribution Panel

Standard Electric Time Company (Modern Catalog)

Standard Electric Time Company; Industrial Plant Catalog-Part 1

Standard Electric Time Company; industrial Plant Catalog-Part 2

Standard Electric Time Company; Cleaning and 0iling Movements

Standard Electric Time Company; Instal. Instructions - Part 1

Standard Electric Time Company; Instal. Instructions - Part 2

Standard Electric Time Company; Master and Slave Clocks

Standard Electric Time Company; Parts List for 60 Beat Master
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June
June
June
June
March
April
June
December
December
December
December
December
February
December
December

December
December
August
May
April
July
December
February
April
April
October

1983
1983
1983
1983
1977
1982
1975
1984
1981
1981
1981
1988
1981
1992
1992

1984
1980
1975
1991
1986
1986
1989
1979
1979
1980

1976
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Standard Electric Time Company; Wiring Diagram
Standard Electric Time Company; Wiring Schematic
Standard Electric Time Faraday; Catalog

Stromberg Division, General Time Corp.; Synchronous Master
Clock - Model 50 Parts Catalog - Part 1

Stromberg Division, General Time Corp.; Synchronous Master
Clock - Model 50 Parts Catalog - Part 2

Stromberg Electric Clock Company; 60 Beat Autoset Movement
Stramberg Electric Clock Company; 60 or 120 Beat Master Mvt,

Stromberg Electric Clock Company; Drum Program Parts List -
Model #6C

Stromberg Time Corporation; Autoset Installation and Operating
Instructions - Part 1

Stromberg Time Corporation; Autoset Installation and Operating
Instructions - Part 2

Stromberg Time Corporation; Unispeed Recorder Model 9
Installation and Directions for Using

Synchroncme Astronomical Regulator Clock; Leaflet 1912
Synchronome Clock Catalog

Synchronome Clock Catalog

Synchronome Clock Installatijon and Operating Instructions
Synchronome Clock; General Principles of

Synchronome Master Clock; Installation and Servicing of
(Repeat of July 1973 Article)

Synchronome Master Clock; Installation and Servicing of
Telechron Clocks, Development of; Warren, H.E.

Telechron Master Clock Type A; Installation Instructions
Telefonbau & Normalzeit of Berlin (Electric Time Machine)
Telsa Electric Clock; How to Make One (ca 1920)

Tiffany Electric Manufacturing Company Advertisement
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June
November

May

August

October
August

August

October

August

October

October
March
July
December
July
December

April
July
April
April
June
December

December

1984
1974

1991

1982

1982
1983
1976

1982

1981

1981

1981
1991
1992
1992
1992

1992

1980
1973
1992
1992
1981
1990
1990
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Tiffany Never-wind; Photographs of Clocks

April

Tiffany Never-Wind; Repair and Use Manual (Single Contact Type) December

Tiffany Never-wind; Suspension Spring Material
Time and Program Clock Circuit Diagrams
Time Ball, Boston; A Proposal for (1853)

Timer for Checking Electrically Impulsed Clocks Against
WV - Part 1

Timer for Checking Electrically Impuised Clocks Against
WV - Part 2

Timer; Electronic Approach to Rating a Standard Pendulum
Tim%ng is Everything; Baker, W.F. (Radio Broadcasting)
Tork Clock; Photograph of Movement

Tower Clocks, Waiting Train Designs

Unidentified Electric Clock; 1894 Magazine Description
US Naval Observatory, Description of; 1917

Waiting Train Type Electric Turret (Tower) Clock Designs
Waltham Electric Clock Company; Catalog Excerpts

Warren Battery Clock (Type C or Mystery Clock); General
Description from 1916 Magazine

Warren Battery Clock (Type C or Mystery Clock); Set-Up and
Repair Information .

Warren Telechron Co. Advertisement

Warren Telechron Duplex Master Clock Instructions

Warren Telechron Master Clock for Maintaining Constant
Average Frequency; Describes Type A and B Master Clocks

Warren Telechron Type A Master Clock Instructions
Warren Telechron Type A Master Clock Instructions
Warren, H.E.; Development of Modern (AC) Clocks

Warren, H.E.: Modern Electrical Clocks (Lecture)
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December
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June
August
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August
March
October

April

April

November
May

April

February
July
April
June

April

1982
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1972
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1990

1979

1879
1979
1989
1977
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1991
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1989
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Western Union Telegraph Company; History of Time Service December 1981

Western Union Time and Messenger Service
Zenith "Calora" Clock Manual - Part 1

Zenith "Calora" Clock Manual - Part 2

February 1981
February 1982

October 1982

--- MART ---

All MART Ads are FREE, Send copy to the attention of the Editor:
Harvey Schmidt, 75-8¢ 179th St., Flushing, NY 11366. Limit 3 lines.

WANTED:

HOROLOGICAL LITERATURE, Repair info, Catalogs, etc.
for the Journal

PORTESCAP Secticon Clock or Movement. (718) 969-0847
Harvey Schmidt, Editor, 75-8¢ 179th St., Flushing, NY 11366

Junker EARLY BATTERY CLOCKS, Movements, Parts, etc, send details.
Martin C. Feldman, 6 Stewart Pl., Spring Valley, NY 10977

Motor for a "CALCULAGRAPH" clock. (This clock was made by the
CALCULAGRAPH CO., New York. It was used for timing telephone
calls). Paul Hopkins, 2717 Millwood Rd., Birmingham, AL 35243

Pendulum support casting, suspension spring, pendulum rod, and
bob for a 1 second GENTS

Richard B. Pridham, 10402 Bellman Ave., Downey, CA 90241

Plans, drawings to build a SETH THOMAS No. 2 Case
K. C. Denney, 3819 E. 55th Street, Tulsa, OK 74135

F.L. GREGORY (SEMPIRE) Movement, & like to know if you have a
clock with "F.L. Gregory Clock Company, Electric Gravity,
Chicago, Illinois" on dial. Early Bipolar Motors, & Early
Electric Fans. A complete DARCHE Medical Clock as shown on
pg. 19 of "1508 Years of Electric Horology" (817) 267-9851
Steve Cunningham, 3200 Ashland Dr., Bedford, TX 76021

N.Y. STANDARD WATCH CO. movement, short pendulum type (approx.
120 beat), any repairable condition. Would also like dial,
hands, and pendulum if available. (713) 554-7387
Kenn L. Koerber, 105 Royal Dr., League City TX 77573

ELECTRO-MECHANICAL CLOCKS, preferably fancy cased and exposed
pendulum clocks. Elliot Siegel, 103 East Neck Road, Huntington,
NY 11743, Day or Night (516) 541-2400 or (516) 351-5869 <“)
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REPAIR: ALL EARLY BATTERY CLoC

FOR
SALE:

MART (continued)

KS Specializing in B

ULLE using orig. parts.
Martin C. Feldman, FNAWCC, 6 Stewart P1.

» Spring Valley, Ny 10977
TIFFANY NEVER WINDS, Double Contact, Wood & Dome Cases; Single
Contact, Dome Case.

(718) 969-9847
Harvey Schmidt, 75-80 179th St., Flushing, NY 11366

Repair Parts for TIFFANY NEVER-WIND Clock Co., CLOISTER Mfg. Co.,
& NATIONAL MAGNETIC Clock Co.

David Lee, P.0. Box 171, Knox, NY 12107

REVERE Electric (Herschede) Grandfather Clock, 7 ft. Mahogany
Case w/glass 3 sides

+ 9 tubes, 3 chimes. Circa 1928. $9090.00
(201) 652-1925 Mon, Wed, Fri. 9am to 9pm, other 9am to S5pm.
Roger Sanford, 12 Godwin Plaza, Midland Park, NJ 07432

RADIOCHRON, scallop top cathedral'st

manual start clock on matching table
Terry Willett, 103¢6 Ky 815,

Yle tube radio with built in
- Radio and clock work, $20¢
Utica Ky 42376, (502) 785-48¢8

SYNCHRONOME (Hope-Jones) Master Clock, as on p. 72 of "150 Years
of Electric Horology" w/ separate slave & multiple relay for

control of large system of slaves. Synchronome Master Clock w/
Hipp toggle to maintain pendulum, provides impulses at l, 5, & 39

sec. w/ one usual Hope-Jones slave. ITR (predecessor of IBM)
elect. rewound master clock w/ mercury pendulum. (206) 842-5835
Alan Seymour, 10847 Bill Pt. Bluff§, N.E., Bainbridge 1Is. WA 98119
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ELECTRIC CLOCKS EXPLAINED

Synchronous, Sub-Synchronous, Motor Wound and Battery

Operated Types Described

©

. By JOHN J. BOWMAN, Technical Editor THE KEYSTONE

Electric clocks for household and general
use have progressed to a point where it is
foolish to question either their practical
value or their commercial importance. The
time is past for jewelers to debate whether
to sell these new timepieces or to ignore
them. The way to profit now lies in study-
ing how to take advantage of the favor
with which the public has come to look
upon the clock that never needs winding.

Overdone conservatism can be the cause
of loss, as when the English watchmaking
industry lost its world-supremacy by refus-
ing to move with the times and adopt
machinery. Lessons such as this should be
remembered in our attitude toward electric
clocks. It is the part of wisdom for the
retail jeweler in America now to learn all
about electric clocks: to become able to
advise buyers helpfully about the various
types, makes, and grades, and thus to
remain in the clock business, and not
atand by and see the moat commercially
Important part of it go into the hands of
dealers in other lines.

An earlier idea was that electric clocks
might do away with the need for the jew-
eler's clockmaker. But the stability of
demand for striking and chiming, in electric
clocks; and the latest trend in designing
the mechanism even of non-striking electric
clocks, emphasizes that the clock repair
service of the jeweler's shop should be con-
tinued. This gives the jeweler an advantage
over others who offer electric clocks for
sale. The long established habit of going
to the jeweler for clocks—both service and
sales— can in worth-while measure be main-
tained, if the jeweler will make it his
business to -know electric clocks, as he has
long known the older kinds.

The purpose of this article is to present
an outline of information about the electric
clocks that are in the market today; to
clarify what may seem a somewhat vague
and confused mass of terms; and to furnish
a reliable starting point from which the
jeweler can keep track of and understand
the new inventions and products that are
coming into the market continually. This
purpose suggests a brief historical introdue-
tion of the subject.

Whatever part electricity plays in time-
keeping, it always works through the agency
of its inseparable companion, magnetism.
And it may surprise many to learn that the
first use of magnetism in connection with
timekeeping, was made as long ago as
during the lifetime of Nicolas Grollier, who
was born at Lyons, France, in 1593. This
ingenious man made clocks that were prob-
ably, by some of neighbors, thought o be
works of the devil. In one of thesr hne
fastened a horseshoe magnet to the ¢ ~“er
arbor of a ciock concealed inside a cab. --.
Above the cabinet, a frame held suspen:cd
a basin of water, with the hours marked
around its rim. A small figure of a turtle,
when placed to float on any part of the
water, would mysteriously swim and align
itself pointing its nose at the correct timel
Within the turtle’s body, of course, was
the bar of the clock's magnet. The nature
of this work may forbid taking it so seri-
ously as to say that it was a true ancestor
of the electric clocks of today. For this,

we must come down two centuries from
Grollier's time, to the year 1843. Then
Alexander Bain, a Scottish philosopher,
made and patented a pendulum which
used electrically induced magnetism as
motive power. No practical use was made
of Bain's invention; and for nearly the
next forty years little importance was
attached to electric clocks. But the end

Alternating Current Clocks

Synchronouas, Self-Starting
Telachron

Reavere, Strike
General Elactrie

Chelaea

Synchronous, Manual-Starting
Elm City (Naw Haven)

Lux
Gllbert Heeman Miller :

Sub-Synchronous, Self-Starting
New llaven-Westinghouse Watarhury
Sub.Synchronouas,
Manual-Starting
Hamilt 1) “Synchr V' Time
Seth Thomas, “Electrie," Time

Seanlona
Manning-Bowman

Hammond
Radiochron

Electrically Wound

Hamilton-Sangamo, Strike,
alno Non-Strike
Seth Thomas, Strike. alno Non-Strike
New Haven-Waatinghouse, Strike and
Alarm, with Sub.-Synch. Time
Herachede. Strike Waterbury, Time
Herman Miller Franklin

Battery Clocks

Poole Herman Miller

NOTES: Worda in ‘“—=" are on dials of

clocka to indieate type, The term
*‘strike” includea chime

Sea text for explanation of above table

Fig. 1

of that period was the beginning of the
present era, during which electrical time-

keeping inventions have been coming into

gractical use at a pace that is aimost
ewildering.

Periods of development in any art can-
not usually be defined by dates: and so in
this; it is enough to say that the present
era of electric clocks began about fifty
years ago. But during the first forty years
of this time, most of the inventions intro-
duced were local systems of master and
secondary clocks in which the latter were
simple electromagnetic ‘‘minute-jumpers";
program clock systems to ring electric bells
at stated times in various rooms of a build-
ing; local systems of clocks wound by
motors and set at intervals by an electro-
magnetic cam; and various other devices
for special and scientific uses. It is char-
acteristic of this forty years that the electric
clocks which proved successful then, were
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practically all for either scientific or insti-
tutional uses. The attempts then made to
introduce electric clocks for use in homes,
which is commercially the mast important
part of the clock business, were generally
failures, Whatever technical defects the
clocks may have had: and whatever busi-
ness shortcomings in some of these enter-
prises may have contributed to the general
record of failure, it is perhaps also true
that the time had not yet arrived when
the public was psychologically ready to
buy electric clocks for general use.

The real beginning of the present popu-
larity of the electric househoid clock came
about ten years ago with the introduction
of the Telechron clock. The outcome of
this seems to have been, in the language
of the snappy salesman, making the Amer-
ican peopie “electric clock-minded."”

So'the electric clock is here to stay; and
in the belief that its sale and upkeep offers
a profitable opportunity for jewelers, THE
KBYSTONE is presenting this nrticle on the
subject. Our aim is to outline the essen-
tials. That is thought to be more needed
now than a detailed treatise. Each manu-
facturer can furnish details of his own
clocks; while our purpose is to show all of
the principal types analyzed and compared
with each other.

You are asked first to examine the Ii
at Fig. 1. In this are grouped as five types,
all of the clocks that are run by plugging
their connections into the alternating cur-
rent now delivered by most of the power
companies. In the list will be found the
clocks of the principal makes now mar-
keted. It does not include assembled clocks
marketed by merchants who are not manu-
facturers, nor brands of makers now out
of husiness. Nor does it include a few
makes which have merit but smali pro-
duction, not outside of merely local term-
tory in each case. The list is limited to
clocks which have nation-wide distribution.

The first thing to observe is that there
are listed two kinds of clock motors: srn-
chronous and sub-synchronous: and that
each of these kinds i3 made in two sub-
divisions: self-startingand manual-starting,

The right beginning for an explanation
of how these types of motors differ from
each other, will be to explain the working
of one of them: and this will be the Tele-
chron, as it was the first to enter the field
as a clock synchronously driven by alter-
nating service current.

Synchronous Motor Clocks

The word “synchronous’ means a con-
dition in which two or more things move in
the same time with each other—aj| moving,
in one sense, at the same speed. A synchro-
nous motor moves in time with the gen-
erator that furnishes the current which
keeps the motor going. Large synchronous
motors have long been used for various
purposes. The idea of designing a sm-
synchronous motor for the special purp@
of moving clock hands is of comparativy
recent development. Its usefulness is based
upon the fact that alternating current
delivered for electric lighting and other
purposes can be controlled in its speed or
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ELECTRIC CLOCKS EXPLAINED (Continued)

rate of flow, so as to provide accurate time-
keeping by simply "plugging in”’ synchro-
nous motor clocks to the service current.
How the clock works will be explained by
referring to the illustration at Fig 2.

At I and I' are shown the wires con-
necting the clock motor with the service
current. The current flows through the
coil B and magnetizes the steel field bars A.
These are cut through and a circular
opening made in them at J. Into this open-
ing is thrust the neck of a bottle-shaped
case K made of thin sheet brass. This case
contains the moving parts of the motor,
and is closed and sealed with solder. The
shaft H passes through a packing-box to
the outside of the case, to turn the clock
dial-train and hands.

Pivoted inside of the neck of the case,
is the “‘rotor’ G which is an arbor carrying

N

8 —

accomplished by a train of wheels and
pinions F, the action of which terminates
at the motor terminal shaft H, which makes
one turn per minute, and to which the
second hand is attached. From the terminal
shaft, further reductions of speed are made
by gearing, to move the minute-hand one
turn per hour, and the hour-hand one turn
in twelve hours.

A Dbasic difference should be noted
between the trains in synchronous motor
clocks and the trains in spring-driven or
weight-driven clocks. In the latter, the
speed of the gearing is least, and the power
greatest, at the end of the train where the
power is applied. In the synchronous motor
clock these conditions are reversed.

Since the principal moving parts of the
Telechron motor are inside a sealed metal
case, lubrication is effected by a supply of

oil thatisinjected into the
case before it is soldered
shut.

How Current-Time Is
Controlled at Power
Plant

Now shall be ex-
plained what seems to
most watchmakers and
jewelers to be the great
mystery of synchronous
motor time transmission.
That is the means used at
the power plant to make
the current carry accurate
time. This is really quite
simple in principle and in
practice.

Yy

Any number of syn-

Fig. 2.
maotor clock

a combination of magnetized steel bars and

rings. These are acted on by magnetism
induced in the field bars A by the current
Hlowing through the coil B. The magnetism
passes through the brass of the case neck
and “takes hold of” the rotor G. The
magnetism—the “‘magnetic field”—rotates
and carries the rotor around with it at
synchronous speed. The speed of rotation
of the magnetic field that turns the rotor,
corresponds to the rate at which the gen-
erator makes current at the power plant.
In a “fully synchronous’ clock motor, on a
60 cycle current the rotor would have to
make 60 turns in a second of time. To
grasp this, just retlect that it is equal to 12
turns while a watch balance makes a single
beat. This speed must be reduced, first, to
the speed of the second-hand of the clock,
dial, or one turn per minute, as that is the
most rapid motion that is of any use in
everyday timekeeping. This reduction is

Detail of Telechron synchronous

chronous motors in an
! alternating current cir-
! Vs cuit will move at thesame
[ time-rate as the current
: generator moves. Owing
! to the type of machine

which generates alternat-

ing current, this current
= is made in throbs or
pulsations that move
alternately in opposite
directions throughits
circuit. The pulsations
are so close together that
when seen, as in the glow
of an incandescent lamp,
they cannot be distin-
guished from one another.
Yet each starts as noth-
ing, rises, decreases to
nothing, then in the
opposite direction does
the same. Each two pulsations, each pair
in opposite directions, are called a ‘“‘cycle”
—a word meaning a complete rotation of
events of any kind. So when an electricul
current is described as “alternating 60 cy-
cles,”” that means a current that alternates
its direction at a speed of 60 times during
each second of time., This speed depends
upon how fast the machine tgat generutes
the current is made to run. If the generator
is driven by & steam engine, then when
more steam is turned on the engine will
run the generator faster, and the current
will be made at a {aster rate—more cycles
per second. In a hydro-electric plant, if
more water i8 turned into the turbine it
will run the generator faster, and the gen-
erator will make current at a rate of more
cycles per second. It is easy enough for
the men at power plants to alter the speed
of their machines from time to time so as
to keep them running at desired speed.

- 19 -

Now see how service current is con-
trolled in speed of cycles so as to serve
to run clocks driven by synchronous motors
at the exact speed to indicate correct time.
What is needed is some means of continu-
ally comparing the speed of the current
generators with the timekeeping of an
accurate clock. For this purpose the Tele-
chron master clock, shown in Fig. 3, is
largely used.

This master clock is a very finely made
clock with Graham dead-beat escapement
and seconds pendulum, keeping very accur-
ate time. On this clock is a dial which has
two hands turning from the same center.
One hand carries the accurate time of the
master clock; the other hand is run by a
synchronous motor clock moved by the
current that is made by the generator right
there in the power plant—the generator
making the current sent out to consumers
who have their electric clocks connected in
this same circuit. As long as the generator
is moving at the correct speed of 60 cycles
per second, the master-clock hand and the
synchronous motor clock hand will travel
together. Should the generator slow down,
the fact will be known by the power plant
operator when he sees the motor clock
hand fall behind the master clock hand;
then he will turn on more steam or water,
to increase the speed of the generator, until
the two hands again travel together—or
vice versa. In this way the current is kept
at controlled speed, and all the clocks on
the circuit—be it thousands of them, and
many miles away, are kept on time,

Master Clock the Source of Accuracy

When synchronous electric time dis-
tribution was introduced, the mistake was
prevalent among jewelers of thinking that
some mysterious magic had been discovered
whereby electricity has the innate property
of keeping accurate time. But reading the
explanation just given should make it clear
that the timekeeping is done by the master
clock; and that the generator, and the
current it makes, are no more capable of
keeping time than is a train of gearing, ora
pair of clock hands, alone. The only thing
in the entire system between the engine or
turbine and the clock hands in the owner's
home, that is worthy of being called a
timekeeper, is the pendulum of the master
clock. Everything else is under its rule;
it has many servants in the other parts of
the system, but the pendulum is the master.
In the strictest sense, it is incorrect to say
that synchronous motor clocks are clocks
at all! They are secondaries to the master
clock at the power plant. Think of what
depends upon the master clock! It may
control thousands of synchronous clocks;
should it err, its fault would be multiplied
by thousands. Then for its accuracy it
should receive manifold appreciation. In
contemplating the marvels of synchronous
electrical time distribution, one is inspired
with deep respect for the genius of George
Graham, whose escapement and pendulum,
which he invented two hundred years ago,
is still the best means known for use in
controlling and making reliable time-tellers
of the far-flung myriuds of motor clocks of
this modern addition to horology.

CSelf-NStarting” and
*Manuul-Starting”

What remains to be explained under
the head of Synchronous Clocks is the
difference between these as to “self-start-
ing” and ‘'manual-starting.”

It hardly needs saying that a synchre-
nous motor clock will stop every time there
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is a cessation of the electric current that
keeps the clock going. When this happens,
the clock will remain stopped as long as
the current remains interrupted. When
current comes on again, all of the clocks
listed in Fig. 1 as ‘‘Synchronous, Self-
Starting,” will start running again, and
will continue running, but will be slow an
amount equal to the duration of the cur-
rent interruption, until reset to correct
time. A signal spot on the dial turns red
whenever there is a current interruption;
this remains red after the clock starts, to
show that the clock needs setting to correct
time; after the clock is set, the signal
changes to the color of the dial. This
warning-device comprises a pivoted rod
with a turn-button on one end, protruding
from the clock case; on the other end, back
of the dial, is a metal Elate half of which is
painted red, the other half painted the color
of the dial. On the rod, above the motor
field-magnet, is an iron blade which is held
against the magnet only while the latter is

magnetized by the current which runs the . -

motor. If the current stops, the blade is
let go, and then the weight of the two-
colored plate allows its red half to drop
into position to be seen through the hole
in the dial. After the clock is reset after
stoppage, the signal is to be turned by
hand until the red disappears; this at the
same time brings the blade into contact
with the field magnet, which holds the
signal at dial-color until the next current
interruption.

In the clocks listed in Fig. 1 under the
heading *‘Synchronous, Manual-Starting,”’
an interruption of the current is shown by
the stoppage of the clock; this is quickly
noticed when the very conspicuous second-
hand stands still. To start the clock again,
a lever is pushed, or a button is turned,
which provides the impulse to start the
motor, which will then continue running
until there is another current interruption,

After the customer is told the difference
between all kinds of electric clocks, he will
be able to decide which comes nearest to
his needs. This may be an electrically
wound clock, a synchronous clock, a bat-
tery clock, or even a clock which needs to
be wound by hand. The jeweler's oppor-
tunity in this is to remain the man who
knows the clock business in all of its
branches—knows it so well that he can
give good advice, and so is the man the
public will prefer to buy of. This is the
argument for studying electric clocks as
one part of the whole clock subject.

Sub-Synchronous
Motor Clocks

In Fig. 4 is shown the Humilton-Sang-
amo sub-synchronous motor clock, in whic
the rotor is indicated at B. This, as in the
synchronous motor, is the magnetic part
on an arbor which rotates between the
magnetic poles of the field magnets. From
the rotor shaft is delivered the power which
keeps the clock hands moving. The term
“gub-synchronous’” indicates a motor in
which the rotor moves less than 60 turns
per second.

Now the question may arise ‘‘how can
synchronous and sub-synchronous motors,
in which the rotors turn at different speeds,
both be used on the same current to keep
time alike?"”

In order to understand how this is
possible, it must be borne in mind that
what makes synchronism between the
master clock, the generator, and the clocks

in the circuit, is the fact that alternating
current is throbbing in the circuit at a
definite time-rate—say, at 60 cycles per
second. Synchronism depends on that, and
not on generator and motor rotors running
at the same number of turns per second.

,,\ .‘.‘J?Al})k!ﬂl\m

Fig. 3.
with Gruhum oscupement
and pendulum

The Teleehron Master Clock
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Fast and Slow Rotors

Imagine an electrical circuit with 3
number of clock motors connected together
in it. In some of the motors the rotors are
turning fast, and in some, slow. But the
slow rotors have less gearing, and the {ast
rotors have more gearing, to reduce the
speed, between the rotor and the hands in
each of the clocks. Now the current throb-
bing at the rate of 60 cycles a second is
keeping all of these clocks running alike,
on time; but if the current rate drops to
59 cycles a second, all the clocks will run
slow; or if the current rate rises to 6l
cycles, all the clocks will run fast. Itisin
this way that synchronism exists between
generator and motors; not in similarity of
speed or number of turns per second in the
various rotors in the circuit.

Number of Poles Govern Rotor Speed

In designing motors, increasing the
number of magnetic poles which exert the
force that turns the rotor, will result ina
slower running rotor. For illustration, let
us say that the rotor must turn so thats
point on it will pass a pole every time 2
cycle of current is completed; imagine there
is only one pole to be passed; then the rotor
must make an entire turn each cycle, and
must turn very fast to travel so far in such
a short time. But if more poles are distrib-
uted around the circle of travel, then the
point on the rotor need not go so far, there-
fore will not go so fast, in order to pass one
pole during each cycle of time. So the
difference between synchronous and sub-
synchronous motors is that the latter have

 more magnetic poles acting to pull on and

turn the rotor, which consequently runs at
a slower speed. |

The reason for desiring slower speed in
the rotor is so that the bearing between it
and the clock hands may be lessened and
simplified, and to secure the additional
mechanical advantage of avoiding high
speed in the moving parts.

Synchronous and Sub-Synchronous
Clocks Alike in Principle

So it is seen how an alternating current
can be used so that its pulsations will drive
a number of differently designed mechan-
isms, each of them in its own way trans
lating the current into clock time alike at
all of the dials. Now there is no difficulty
in understanding that the clocks known in
the trade as synchronous, and sub-syn-
chronous, are both synchronous in the
fullest sense of the word; and the difference
in terms is really used to distinguish two
different members of the same family.
Referring again to the list at Fig. 1, it
will be seen that, the same difference as to
self-starting und munual-starting exists in
sub-synchronous as in synchronous clocks.
The explanation of this was made in
describing synchronous clocks, and need
not be repeated here. But in it the New
Haven - Westinghouse sub - synchronous
clock, the starting arrangement is a com-

y bination of self-starting and manual-start-

ing which calls for explanation. Thereisa
pointer on the dial with a scale of one, two,
and three minutes. If the pointer is set at
three minutes, then the clock will be sell-
starting until all stoppage totals three
minutes; then the clock will stop; this will
be notice to start it going, by hand, asin
purely manual-starting clocks. The object
is to eliminate stoppage on brief interrup-
rions, and so that the owner will know that
his clock, if running, cannot be more i
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error than he has set it for. He may set it
for two minutes, or one minute if he prefers,
in which it will be closer to correct time,

I

T

[

<.\

|

i

)
c v

H—r
1= - .
& F
= M
I L JE

Fig. 4. Detail of llumillon-Sunanmo sub-

syachronous motor clock

Controlled Current
Widely Obtainable

Before quitting the
subject of synchronous
motor clocks, it should
be explained that if one's
service current is sent out
by the power company at
other than 60 cycles rate
of pulsation, or “fre.
quency’’ as the electrician
says it, clocks are furn-
ished by all of the manu-
facturers to run on such
currents; the principle is
the same; the difference
is in the proportioning of
the electrical parts in de-
signing the moto#,

A large proportion of
the alternating current
made in the United States
is under controlled fre.
quency for time transmis-
sion purposes. Power
plantswherein thereareno
master clocks vary in their
attention to the matter of
uniformity of frequency;
somedelivercurrent which
is fairly close to 60 cycles
rate, and on which syn-
chronous clocks will run
closely enough to stand-
ard time to satis{fy most
persons. You can learn
the facts applying to your
locality by inquiring at

the office of the local publicutility company.
Electrically Wound Clocks

continue in use, because there always will
besituationsin which controlled alternating
current for running synchronous electric
clocks cannot he obtained. Then there will
always be some persons who for various
reasons will prefer mechanical to electrical
clocks of any kind. But g greater number
there are and perhaps will continue to be,
who desire the convenier.ce of not having
to wind the clock, but object to the chance
of ity stopping on aceount of current inter-
ruptions; and for these there are clocks

riven by mainsprings or weights, - but
wound by automatic electrie motors. The
current to run these clocks need have no
frequency control whatever, which is an-
other feature fitting them for use in places
where synchronous motor clocks would not
serve,

In Fig. 5 is shown the Seth Thomas
electrically wound strike clock. The descrip-
tive notes on the drawing make it unneces-
8ary to describe the mechanism in the text,
and are even more convenient for the
reuder.

Upon this subject of electrically wound
clocks there is less need for lengthy de
scriptions than in the purt.explaining syn-
chronous motor clocks, because so much of
the mechanism in electrically wound clocks
isof a type already familiar to the workmen
in our trude. But a few notes on the classj-
fication of eleetricully wound clocks in the
table at Fig. 1 are necessary. Among the
clocks on this list, as will be seen in the
illustration, Fig. 5, the Seth Thomas strike
clock employsa pendulum asits timekeeper.
The Hamilton-Sangamo clocks, strike and
non-strike, employ a lever escapement and

a balance of watch type, adjusted to tem-
but would more frequently need resetting, Clocks in which the motive power is  peratures. The Herschede Company is
than if set for three minutes total stoppage. either mainsprings or weights will, of course, making u change in the mechanism of some

/—EEGULATOR
~ERGE= Ve “PENDULUM SPRING
-REGULATING MK
; ESCAPE WHEEL
®
) O@Q
(5 DAINUTE WHEEL & PINION -
CATHERING COUET By 0 CLUTCH RELEASING LEVER CAM
4 A CLUTCH RELEASING LEVER
(5 SZLUJ&U.LEY.EE\.’MRA SPRING
GATHERING COLLET— O & CLUTCH LEVER
BaCK — CLUTCH PINION
® CLUTCH
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LENTER. ¢ MOTOR BRAKE, LEVER N12
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of their line, and their listing applies to
clocks now in the market only,

The reader is reminded that this article
is confined to clocks for general use, such
as are sold br jewelers, so there do not
appear-on the list in Fig. 1 some electrically
wound clocks which are sold and serviced
by their makers only, for special purposes,
and which therefore do not concern the
jewelry trade.

Clocks Run on Battery Current

There has always been a demand for a
clock that runs by electricity so as to avoid
the need for winding, but which yet can
be used in places where no service current
is available, This, of course, calls for a clock
in which a battery supplies
the current. There are
battery clocks on the
market not very widely
nor actively sold, and there-
fore outside the sphere of
this article; but an excep-
tion to this is the Poole
clock, which has for that
reason been chosen for de-
scription here. The essen-
tial mechanism of this clock
is shown at Fig. 6. This
clock reverses the usual
arrangement in which the
train, through the escape-
ment, drives the pendulum,
because in the Poole clock,
the pendulum drives the
train through the escape-
ment. The pendulum is
kept going by impulses at
intervals of about half a
minute, by the weight arm
19, Fig. 6. This is raised
by an electromagnet (not
shown) and kept up by a
trigger 22. Whenever the
pendulum needs power, the
trigger is automatically
pulled and the weight-arm
drops and its roller 28
presses against the pin 29,
which gives an impulse to
the pendulum through the
crutch 14. The swinging
of the pendulum operates
pawls, one of which is
shown at 16, which moves
the wheel 17, which propels
the train and through it
the hands of the clock.
After receiving an impulse,
the pendulum, of course,
gradually lessens its swing,
and after the swing has
decreased to a certain point, the pendulum
trips a latch which pulls the trigger that
releases the weight-arm 19, which gives
the pendulum its next impulse.

Fig. 6.

Repairing Electric Clocks

Engineers may design a thing, and
laboratories test it and pronounce opinions
on it; but no test is completely reliable
except that of actual use. This is as truly
applicable to synchronous electric clocks
ag it is to any other piece of mechanism.
These clocks have been used now suffi-
ciently long to know their value for their
purpose; but it is yet a little too early in
their era, to know {rom experience nll that
should be known, in order to write fuily
upon the subject of repairing them.

An earlier idea, now seen to be erro-
neous, was that there would be little or
nothing to employ the clockmaker in re-
pairing synchronous electric clocks. That

Mechanism of Poole battery clock

was before the latest types of these instru-
ments came into the field. The earlier
clocks are, it is true, little more than small
electric motors; their wheelwork, enclosed

in a sealed casing in an oil bath, was
perhaps expected to run until worn out and
then be thrown away; the mechanism was
hardly considered subject to repair. But

recent developments using slow rotors with

unenclosed gearing, are more like the tra-
ditional type of clockwork, and may be
expected to duplicate it in respect to repairs.
Clocks of this kind will not be discarded
when parts show wear, but there will be
holes to bush, pivots to polish, and other
repairs as in the familinr spring and weight
clocks which keep us busy now. As to the
electrical parts, these are not frictional, and
repairs likely to be needed are such things
as keeping up connections and minor mat-
ters which are not difficult to learn, and
which the clockmaker already has more
than ample skill to execute.

The time will soon be here when suffi-
cient practical experience has accumulated
upon the effects of use, to write fully about
repairing synchronous electric clocks: and
THE KEYSTONE promises its readers to
gather this information and present it at
the earliest time when it can be made of
practical value.

Electrically wound, and battery clocks,
have mechanism so much like that in the
older type clocks that a competent clock-
maker should be able to diagnose and repair
their faults without special instruction. The
precaution of looking the mechanism over
carefully, to make sure of understanding
its action, before taking it apart, goes
without saying.

Now this sketch-map of our survey of
the electric clock field is completed, and
will be helpful as a guide to whoever may
wish to explore the territory in detail. To
do this, he would do well to study the
elements of electricity, for which there are
good textbooks everywhere. The principles
of trains of gearing are already familiar to
clockmakers and watchmakers, and these
are the same in electric clocks as in all
other horological instruments. With the
background of this knowledge, there should
be made a further study of its practical
application, by taking apart and becoming
familiar with electric clocks of the various
types. Thus can be acquired the knowledge
that wins for its possessor recognition as a
person of authority. Such reputation has
the greatest power in sales-building. With
it, the jeweler may take advantage of the
coming of the electric clock as an excep-
tionally profitable opportunity.

EptToRiAlL. NoTR: Due to the rapid changes in
the electric clock busineas the many new concerns
entering the field and the variety of products being
offered the author of the foregoing article has made
no attempt to liat all of the manufacturers or impor-
tera in this line. Merely for purposes of explaining
T | details of predominating types a number
of clocks have been selected. Consequently the fact
that & line of clocks is not listed or referred to by
Mr. Bowman should in no wise be conatrued as s
reflection on either the quality of the product or the
standing of its manulacturer.

up-to-date, profusely illuatrated.

.td.. of London.

And here are two of the world's beat books on electric clocks.
195 illuatrations, 10

ELECTRIC CLOCKS ARE SELLING LIKE HOT CAKES

(See page 27 for wtatinticn)

Write for Full Description of Contents of These Books. Study Electric Clocks .

They completely cover this mast important subject.  Authoritative,
ary to study and underatand, They
will help you increase your clectric clock aales,
ELRCTRIC CLOCKS

By F. Hope Jones, Managing Director of The Synchronome Ca.,
261 pagen, 127 illustentiona, $4,00

RLECTRICAL HOROLOGY

Ny H. R, Langman and A, all
164 pages, 68 illuntentiona, $3 00

.. And Get More Businoess.

THE KEYSTONE PUBLISHING CO., Book Department, 1505 Race Street, Philadclphia, Pa.

give you the technical knowledge that
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ELECTRICAL. HORDLOGY
SOLCIETY @

Chapter Ng 78

RENEWAL MEMBERSHIP or APPLICATION FORM

The ELECTRICAL HOROLOGY SOCIETY, Chapter 78 was formed in 1972 to
provide a means whereby members of the NAWCC who have a primary
interest in Electrical and Electro-mechanical clocks would have a

means to meet and communicate with other members with similar inter-
ests. Due to the non-geographic nature of the group, the cohesive-
ness of the chapter depends upon two factors. One is the JOURNAL OF
THE ELECTRICAL HOROLOGY SOCIETY, published quarterly with an annual
content of approximately 100 pages of material. This includes a FREE
MART which lists items for sale, parts needed, and other services of
interest to members. Additionally, technical articles, original items
and articles, and reprints of important material, and questions and
answers are included. The information is intended to provide a mixture
of historical as well as technical information, thereby offering some-
thing for everyone. Secondly, the encouragement of branch chapters to
provide local facilities for meetings provides a forum for the exchange
of information as well as an opportunity to socialize with kindred souls.
Meetings are also scheduled at various Regional meetings and the NAWCC
National Convention, whenever the programs provide an opportunity for
Chapter 78 members to get together... these may include programs on
subjects of interest along with informal questions and answers.

Any NAWCC member in good standing is eligible for Chapter 78 membership. <:>
The fiscal year begins in January, and a member joining at any time after

January 1st will receive all of the Journals for that year, with member-

ship expiring at the end of December. There are no provisions for less

than full year memberships, and membership in Chapter 78 is separate

from branch chapter dues and memberships.

DETACH ALONG THIS LINE

RENEWAL MEMBERSHIP or APPLICATION FORM

Please print all information:

NAME NAWCCH

ADDRESS

“l» I wish to become a member of the Electrical Horology Society--#78 and enclose
my $10.00 dues for the year 1993.

check here
W I wish to remnew my current membership in the Electrical Horology Society--#7¢8
and enclose my $10.00 dues for the year 1993

check here

SIGNED: DATE : I

Send check to Harvey Schmidt, 75-80 179th Street, Flushing, NY 11366, and make
payable to EHS #78, % Harvey Schmidt, Secretary-Treasurer,

NATIONAL ASSOCIATION of WATCH and CLOCK COLLECTORS. Inc.
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Chapter No 7§
VOLUME XVIII, #2, JUNE 1993
FELLOW HOROLOGISTS:

We thought that we fully covered the SHORTT and SYNCHRONOME
clocks in our July & December journals, and to the chagrin of
your editorial team, additional material was brought to light
that appears herein. Hopefully, this will finally cover ALL
of the available information on this fascinating phase of pre-
cision electrical horology.

Annual dues of $10, ($15 for foreign members) are due again, and
we still have a few members who have not paid for 1993. IF you
have a notice attached to the cover page of this journal, you are

received.

A local meeting is planned for New York and Long Island area
members through the good graces of Dr. Bruce Levy and his charm-
ing wife Maxine. The date has been set for Sunday, August 1st,
at 11:00 AM, and an RSVP is necessary for the reservation and
address, by calling (516) 433-6836.

Additional meetings have been planned at the following Regionals;
Syracuse: August 20th % 21st, Dearborn: September 9th, 10th ang
11th, and at the National Convention in Dallas on June 30th thru
July 4th. we hope to continue with this schedule for 1994, which
will include Ft. Mitchell, Ky, and Orlando, FL. We'll keep you
Posted as the dates become firmed up.

Material for future journals is needed again, and we request any
information that might be of interest, be it historical, technical,
or of general usefulness. Tips on repairs, availability of hard-
to-find parts, shortcuts and troubleshooting assistance are all

welcome. Get with it and be a PARTICIPANT, and not just a sideline
member,

about 10 members from foreign lands including Canada, Netherlands,
and Great Britain. Our total keeps growing on a small but regular
basis each year, which is an indication of greater interest in
Electrical Horology, or a greater awareness of chapter 78's ex-
istance, but no matter the reason, we're Pleased with the result,

Enjoy this issue and have pleasant Summer. Good reading ahead...

Martin Swetsky, FNAWCC, President
Harvey Schmidt g
Dr. George Feinstein Co-Editors
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OBSERVATORY TIME
INSTALLATIONS

THE SYNCHRONOME SYSTEM

In order that the method of operation of the Synchronome ‘‘Shortt’* Free
Pendulum Astronomical Regulators described in the second half of this
; pamphlet may be properly understood, it is necessary first to describe
, briefly the general principles of the SYNCHRONOME SYSTEM, whose

| standard time transmitter with seconds pendulum is shown in Figs. | and la,
and Is used as a ‘‘Slave'’,

——

GRAVITY LEVER pivoted here.
THE ROLLER on the gravity arm

is normally just clear of the
- PALLET but it is now free &
THE GRAVITY LEVEB /7 roll dawn the ::‘ur'vuds end ofibcgi:/)mq the

s supported by | - B PENDULUM sufficient impul
THE CATCH ——— &;!5 ~~""for the next 30 sﬁe:mngl:"'\t!a;u:n:

which when pressed aside by //}(\/ of this impulse the

THE VANE __.’/'/lb\:# / “"CONTACT at the lower end of

at every revolution of /_\L K ’5311 the gravity lever touches onto
Vi . :

THE 15 TOOTHED WHEEL THE CONTACT SCREW at the

top of the
which is pulled round one tooth at a time by ~—"ARMATURE which completes
THE GATHERING CLICK

an electrical circuit energizing the
rcleases the

"ELECTRO MAGNET which atteacts

[t ' the armature to it and which in turn
m T?ﬁﬁ pushes the gravity lever before it .
gi?j% Em‘ restoring it tothe catch.
'\/V'j AN

i

1

Fig. 2

: The unit of time measurement is the pendulum. It is combined with a switch,
A THE the unit of remote control, and the method of their
FUNDAMENTAL reciprocal automatic operation is known as the Syn-

UNITS chronome ‘‘Remontoire’’. The switch consists of two

moving parts : the right-angled lever, and the vertical armature A, both
shown in black in Fig. 2, which is self-explanatory. '
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At the moment of release the sloped face of the bracket or pallet has just
not passed under the roller (from left to right) and the pendulum has just not

IMPULSE reached its mid position. Thus the impulse is given while the

OF THE  pendulum is passing through its zero or central position, and
PENDULUM the pendulum is quite free at the ends of its swing. The
escapement is therefore not only detached but operates at zero and thus
fulfils the horologist's ideal. The shape of the pallet has been determined
mathematically, so that the impulse commences very gradually, increases
to its maximum at zero and then decreases in an identical manner.

The electrical contact, occuring at each half-minute precisely, is perfectly
clean in the make and break. The gravity lever moves into contact.at the
speed of the moving pendulum and the opening is performed
by momentum. It is the only contact in the system and owing
to the fact that the whole of the energy required to keep the
pendulum swinging is transmitted through the contact surfaces, there is no
question about its reliability. ,

THE
CONTACT

Main wheel!
Electro-magnet
Armature
Armature lever

Driving click

m MmO N ® >»

Driving spring

Backstop lever

I o

Momentum
stop

Stroke limit
stop

Fig. 3

Under normal circumstances the switch operates and the circuit is broken

before the current has reached its maximum value so
COMPENSATORY that a drop in the battery voltage merely results in a
reduction in the rate of growth of the current zrd the
reduced voltage is compensated by an increase in the duration of the contact,
In consequence a very considerable voltage drop can take place before the
magnet refuses to throw up the lever. When that happens the circuit

ACTION

Frbgsiirm,

"y E . . Cumer .

————— -
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remains closed until the pendulum on its return swing comes to the assistance
of the magnet. The duration of the contact is therefore
increased thus giving a visible and audible warning of the
impending failure of the batteries. The pendulum will usually
continue to operate under battery warning conditions for some days and only
ceases to do so when the current has fallen so low that the magnet plays
practically no part in the lifting of the lever, and ultimately if it is allowed to
stop, the contact is held open, consequently the battery is prevented from
committing suicide.

BATTERY
WARNING

The unit above described serves as a never-failing automatic transmicter for
the operation of electrical impulse dials. Thanks to its perfection, dial move-

1 ments of ideal simplicity as illustrated in Fig. 3 can be used with confidence
that they will keep in step.

v From the movement as illustrated, it will be understood that the electro-

magnet B receives an impulse every half-minute which attracts the armature C
and by means of the lever D cnables the click E to drop
one tooth down the wheel A. The spring F then propels
the wheel A and the minute-hand attached to it one half-
minute. The stops H and | are so arranged that the wheel is locked at every
point in the cycle of operations, yet is capable of being freed at any moment by
merely hfting the backstop lever by depressing its tail G.

DIAL
MOVEMENTS

The Synchronome Switch is so designed that its minimum operating current
is greater than the minimum operating current of any dial or other instrument
SUFFICIENT in the circuit, and, as all the operating magnets are in series,
CURRENT the circuit has considerable self-induction and the current
ASSURED  takes some hundredths of a second to attain its full value.
Consequently it is impossible for the switch to operate without supplying
sufficient energy to the dials or other instruments to propel them.

In conclusion it should be stated that the history of the Synchronome
THE HISTORY JSystem on which the Free Pendulum is based is the
OF THE story of a consistent endeavour to obtain reliable electric
SYSTEM contacts from clock mechanisms or their pendulums without
taking energy from either.

The first of a long series of patents was taken out in 1895 and the Synchronome
Company was then established by Mr. F. Hope-Jones, who read a Paper in
description of the new system before the British Horological Institute in
that year. Numerous lectures followed and the scientific world has bestowed
many honours upon the system including Medals of the Royal Society of
Arts, the British Horological Institute and the Franklin Institute of Philadelphia.

; Electric time service has been established as a recognized branch of the
4 Electrical Engineering Profession ; and British practice, as based upon its
principles is generally admitted to be superior to the electric clock systems
of any other country.
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THE FREE PENDULUM

It will have been noticed in the foregoing description that the pendulum
of the standard instrument is charged with the duty of rotating the count
wheel one tooth €Very two seconds and with the release of the impulse
ENERGY REQUIRED lever once every half-minute, and although these
TO COUNT AND operations are performed while the pendulum is
RELEASE swinging through its central position they rob it of
energy. Whilst this energy is inconsiderable in quantity, it is nevertheless
more than equal to that required to overcome the air friction of the bob, If
only these two duties could be done for it, then we could truthfully call it a
free pendulum, subject to no interference whatever excepting only that
which is inevitable and inherent in the act of impelling it.

For nearly two centuries it was taken for granted that nothing but the
pendulum itself could unlock its maintaining force by releasing an escapement,
because it alone knew the precise time and phase at which the impulse should
be given. It seemed so impossible to do without it that no one even asked
for a substitute. After all we can hardly blame clockmakers for not inventing
an escapement which does not escape.

The problem was solved by the employment of two pendulums, one for time-
keeping only which we will call the Master or FREE PENDULUM, and the

THE WORK other in a clock which we will call the SLAVE, since it
GIVEN TO THE releases the maintaining force for it. To enable the Slave to

SLAVE perform this escapement function for the Free Pendulum,
the two must keep perfectly together—they must be synchronized. Asa result
of the invention of Mr. W. H. Shortt, M.Inst.C.E., two of the clocks such as
we have described can be electrically linked together. His ‘‘Hit-or-Miss’’
synchronizer for the Free Pendulum enables the Free Pendulum to impose its
timekeeping upon the Slave. The ability of the Free Pendulum to transmit
a synchronizing signal without expending any energy—actually without being
conscious that it has done anything at all—is due to a peculiar virtue of the
system above described, the signal being derived from the fall of the gravity
lever dfter it has given its impulse to the pendulum.

The arrangement and interconnection of the two clocks is seen in Fig. 4.
It shows on the left the master pendulum which, because it has nothing to do
but to measure time, is called the FREE PENDULUM. It shows on the right
the SLAVE clock, so called because it does all the work of time-counting as
distinct from measuring and releasing,

The Free Pendulum P carries a small wheel J. At every fifteenth swing to
the left (at thirty-second intervals), the jewel R on the gravity
lever Gy, released by the magnet E in the circuit of the Slave,
falls on the wheel giving it an impulse. As the jewel falls off the
wheel the end of the lever G releases the Synchronome Remontoire Ga which
resets the lever Gi by the pin S and plane T and operates the synchronizing
electro-magnet H.

SCHEME OF
OPERATION
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p/

MASTER PENDULUM SLAVE ﬂ PENDULUM

THE SHORTT CLOCK,
MECHANICAL anp ELECTRICAL
DETAILS oF SYSTEM,

Fig. 4

The Slave Pendulum carries a vertical leaf spring on its left-hand side and the
magnet H draws down a horizontal lever into its path, if it is slow, and on
top of it, if it is correct or fast, which it never is, because the Slave
Pendulum is rated to lose about six seconds a day
or |/480th second per half-minute. The action of
the synchronizer advances its phase by approximately
double this amount when the lever of the electro-magnet H engages. Con-
sequently the synchronizing action to the Slave Pendulum usually occurs at
alternate half-minutes,and that is why it is called “*Hit-and-Miss”’. Perfect phase
synchronization of the Slave Pendulum to the Free Pendulum is thus secured.

THE HIT-AND-MISS
SYNCHRONIZER

i
i
!
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The extraordinary accuracy of the Free Pendulum caused some embarrass-
ment to Astronomers in ascertaining its error and stating it with confidence,
As the standard against which a clock is checked is the rotation of the earth
upon its axis, and the star transics by which this rotation is determined, a

A time chart becomes a comparison between the clock and
REVOLUTION the stars. Before the advent of the Free Pendulum, the differ-
IN ences were, in the main, debited to the clock; the transit

TIME-KEEPING observations were assumed to be correct, and would be
represented by a straight horizontal base-line. The Astronomers’ growing
realization of the errors of individual observations and the instrumental
errors of the telescope had already led them to take groups of transits and
average them. Nevertheless, a perfect clock, before January 1925, could
easily have been maligned.

This method was reversed at Greenwich, when their first Free Pendulum
was installed in November 1924. In six weeks its rate was determined and
forecast as a smooth line, so that when it took up its duty as the standard
sidereal clock, on January Ist, 1925, the transits were plotted on either side
of it.

SOME NOTABLE ACHIEVEMENTS

Thus the first notable achievement of the Free Pendulum caused a revolution
in the method of time determination adopted at Greenwich Observatory
on January Ist, 1925.

In 1927 at Greenwich, nutation was revealed though the maximum difference
in daily rate was less than 0-002 of a second and the definition of Time itself
had to be altered in the Nautical Almanac to include it. In 1929, three Free
Pendulums were recorded against a quartz crystal clock, revealing a lunar
period due to the diurnal change of gravity, though the maximum difference
was only 0-0002 of a second.

The Free Pendulum at the Paris Observatory ran from August 1934 toJuly 1936,
nearly two years ‘without discoverable error (Montré une régulante quasi—
par faite). Free Pendulum No. |1 installed at Greenwich in February 1926,
ran for nearly nine years without stopping, and No. 14, installed at Warsaw
in 1927, ran until the Observatory was wrecked during the 1939-45 war.

On the following Pages will be found detailed specifications of the Free
Pendulum, Slave Pendulums, and the electrical impulse dials and accessories.

!
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DESCRIPTION OF THE FREE
PENDULUM

THE CASE

The Free Pendulum is mounted
in a cylindrical copper case,
sealed at the top by a glass
bell jar and at the bottom
by a disc of heavy plate glass.
The ends of the copper tube
are flanged over substantial
gun-metal rings and ground flat
enabling the sealing joints to
to be made direct between
the copper and the glass with
a thin layer of special scaling
grease. The gun-metal rings
are provided with fixing lugs
by which the case is bolted
to the wall. This should be
a foundation wall in the base-
ment or a concrete pillar let
into the ground, free from
the vibration of the building,
and faced flat,

When sealed up, the case is
exhausted to an internal
pressure of 20 mm., suitable
gauges being fitted in the case
including a sensitive oil gauge
which reveals the smallest leak.
It is on record that one of
these instruments ran for ten
years  without showing any
signs of air leakage.

For suitable pumps see page 15.

Dimensions of copper cylinder :
Length - 384 ins. (i30-8 cm.)
* Diameter - 9 jps. (2285 cm.)
(Allow headroom for withdrawing Fendulum)




THE PENDULUM

The pendulum rod is of fixed length rated to beat scconds, Mean Solar Time
or Sidereal, in the latitude in which it is to be used. It is made of Stabilized
invar. The bob is also of Invar and weighs 14 Ibs., supported on its centre,
the support being pinned to the rod.

The Pendulum is fully compensated, the co-efficient of every rod and all its
component parts being tested by the National Physical Laboratory at
Teddington. Nevertheless, it is desirable that the temperature of the clock
chamber should be kept constant by means of thermostatically controlled
heaters with a fan to operate when they are cut off, to prevent stratification
of the air.

A beat plate is provided at the bottom of the rod for reading the arc. Our
standard method is to read it through a reflecting mirror on a fine line zero
which enables one to read within one minute of arc. An alternative method
is to use a reflecting microscope by which the arc can be checked to within
four seconds direct on a micrometer scale and finer by interpolation. The
extra price for reflecting microscope with its micrometer traverse and
diamond engraved beat plate will be quoted on application.

THE MOVEMENT

The movement is of the finest workmanship. Its moving parts are fitted
with sapphire jewel holes and end-stones.

Imparting an impulse to a pendulum is, technically, an interference, but
it is reduced to a minimum in this instrument. The impulse is given once
every half-minute and consists of gravity pressure upon a finely-pivoted
wheel on the pendulum, resulting from the fall of a lever weighing 0-35 grams
for a distance of 2-5 millimetres. This interference is confined to 0-00]
part of the time measured.
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SLAVE CLOCKS

TYPE A

A Free Pendulum requires a
Slave clock to work in con-
junction with it in order to
release its gravity arm every
half-minute. It may be erected
in any convenient room on

“the ground floor. It consists of

a standard Synchronome con-
trolling pendulum of the highest
quality as shown on page 2 fitted
with ‘‘Hit-and-Miss'’ synchron-
izer as illustrated (Fig. 6) in the
marginandanextradial in circuit
with the Free Pendulum'’s re-
montoire. The operation of the
two dials at an interval of 0-8 sec.
shows that the instruments are
working correctly. A small
silvered dial will be seen con-
centric with the |5-toothed
wheel to indicate even-
numbered seconds.
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SLAVE

TYPE AS

This clock is similar to Type A
described on page 12, but is
also provided with an *‘Inertia”
type switch for transmitting
electrical impulses every second
with great precision. These
impulses are useful for many
purposes including chrono-
graph comparisons, operating
seconds impulse dials as illus-
trated (Fig. 10), etc., etc.

The cases of Types A and AS
are of polished hardwood and
their overall dimensions are :

Length - Sl ins. (1295 em.)
Width of trunk 104 ins. (26:6 cm.)
Depth - 6 ins. (15:25 cm.)

CLOCKS
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SLAVE

TYPE B

This clock is mounted in a
carved polished mahogany case
with a 10-inches diameter
“Regulator’’ type dial showing
seconds and hours in inset
circles with the minute hand
sweeping the full diameter of
the dial. Below are two dials
set in an oblong panel showing
the time indicated by the Free
Pendulum and Slave half-minute
switches.

This clock Is of the seconds
impulse type, operated by a
subsidiary Synchronome switch
with jewelled movement and
is therefore a transmitter of
seconds as well as half-minute
impulses. The seconds contacts
in no way affect the Free
Pendulum, even indirectly.

The Free Pendulum and its
B type Slave are used as stan-
dard clocks in many Observa-
tories, both for Sidereal and
Mean Solar Time.

Additional apparatus is supplied
for the automatic transmission
of time signals of the six-dot
seconds, Onogo and Rhythmic

types.

The overall dimensions of the
polished mahogany case with
plate-glass front are :

Length - S55%ins. (1347 cm.)
Width - 133 ins, (33:6 cm.)

Depth - 7f ins. (184 cm.)




ACCESSORIES O

THE 'ROTARY “GERYK”
TYPE PUMP

Hand-operated reducing the
pressure in the Free Pendulum
case down to the required amount
—20 millimetres in 8 minutes. A
can of special oil is supplied with
the pump.

Accessories supplied with the
pump arc as follows :—

4 ft. of rubber pressure tubing;

| glass drying tube;

| 2-0z. bottle of Phosphorous
Pentoxide.

SETS OF WEIGHTS ranging
from 10 mg. to 10 grams, in
Fig. 9 wood block with forceps.

ELECTRICAL IMPULSE
DIALS

Separate electrical impulse dials S/
of half-minute periodicity, in # #

polished mahogany cases, can be / x,;l o
supplied in 8, 10, 12 and I8 ins. : '
diameter. A full range of sizes (A {| = snowoon

and types will be found listed
in Catalogue E.I. 48.

Electrical impulse dials of
seconds periodicity, 10-ins. dia-
meter regulator type, can also
be supplied with inset seconds
and hours silvered engraved
dials in oak, mahogany or
teak frame as Fig. 10.
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THE MAGNETIC CORRECTOR

When a Mean Solar Time Free Pendulum and Slave Clock is used for trans-
mitting time signals by Radio, or is used on Civil Time service, it is necessary
in the former use of the clocks to ensure that the transmitter switch is
correct for time just before transmission commences. It is also necessary
to ensure that the clocks are periodically corrected in the latter case, that s
to say—although the Free Pendulum is capable of keeping a very constant
rate, within a few thousandths of a second per day—it may not have a zero
rate, and it becomes nccessary to put it to correct time before transmission.
The Magnetic Corrector provides the means. of applying this correction to
both Free Pendulum and Slave, and in either direction, fast or slow, by the
exact amount required.

The lower end of each pendulum is fitted with a permanent ring magnet,
Under the ring magnet, and fitted to the case, are a pair of solenoid coils,
To apply correction, current is passed through the coils to produce like '
poles to the magnet for slowing, and unlike poles for quickening, the swing {
of the pendulum. ,

The winding of the coils, the gap between the magnet and coils, and the amount
of current passed through the coils, all combine to alter the rate of the
pendulum by a known amount.

A Control Panel is also supplied which may be fitted at any convenient
position, not necessarily near the clocks to which the corrections are to
be made. Incorporated in the Control Panel is a dead beat moving coil Am-
meter and the necessary switches and resistances, the whole being carefully
calibrated and set at our works for the following correction values :—
To advance or retard 0-01 seconds per minute.
" " " " 0-02 " ” "
" ” " " 0'03 " ”" »
The operator switches on twe switches—one for direction, i.e., advance
or retard, the other for the amount of correction he wishes to use, 0-01,
0-02, or 0-03.
The ammeter is a centre zero type, one half of the scale being marked slowing
and the other quickening. In operation the pointer will read :—
0:1 amp. on the slowing side for 0-0! seconds per minute retard,
0-2 amp. slowing for 0-02 seconds, and '
0-3 amp. slowing for 0-03 seconds. !

lt will show 0-1 amp. quickening when switched to 0-0] second per minute
advance, 0-2 amp. quickening for 0-02 seconds and 0-3 amp. for 0-03 seconds.
With these combinations it is quite easy to correct the clocks by the amount
required. Magnetic correctors may be fitted to any pendulum clock under
the control of the Free Pendulum.

When it is desired to magnetically correct a transmitting clock which is
not under the control of the Free Pendulum and will, therefore, have a

comparatively large change of rate, correction values are increased to 0-1 ]
and 0-2 seconds per minute. '

.

ELECTRICAL CONTACTS

Electrical contacts of any duration or periodicity, in multiples of a half-
minute or of a second respectively, arranged according to any programme, ’
can be operated from the clock system for chronograph 'recording or :
other purposes without the Free Pendulum being affected, even indirectly.

e AR e = PR




(Reprinted from NATURE, June 2, 1928.)

THE ACCURACY OF SHORTT FREE
PENDULUM CLOCKS

By Dr. J. Jacksow and W, Bowygr.

TFHE period of vibration of a simple pendulum,
swinging in g vacuum through the small
semi-arc « is given by 2r !( 1 +Ili'5“2>'
Variations in the rate of g pendulum clock are
produced by variation in (1) the length of the
pendulum ; (2) the arc of vibration ; and variation
in several factors which produce a departure from
the above formula ; namely : (3) air resistance ;
(4) elasticity of the spring ; (5) interference with

the free motion of the pendulum by the escapement
and.impulsing mechanism,

We will consider these in turn.

(1) The principal cause of variation in the length
of the pendulum ig change of temperature. This
can be overcome by keeping the pendulum at
constant temperature, Attempts have also been
made with more or less success to compensate the
effect by the use of metals of different cocfficients
of expansion so as to make the effective length
of the pendulum practically independent of the
temperature. But the parts of such compound
pendulums may not take up changes of tempera.-
ture at the same rate, and those of the grid-iron
type are apt to roll. The discovery- of invar
has greatly simplified the temperature question.

ut invar is a rather unstable substance and its
growth produces slow secular change in the clock
rate.

(2) If the bob moves in a cycloid instead of a
circle the period ig independent of the amplitude.
Clocks have been constructed with ‘cycloidal
cheeks’ to guide the pendulum, but these have not
proved of value. When the semi-arc of vibration
is 1° a change of 1’ in the amplitude affects the
daily rate of simple pendulum by only 0-05s.

©
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The change of arc in precision clocks is not great,
and, moreover, as a result of the action of the
suspension spring, the effect of change of arc in
such clocks may easily be less than the theoretical
amount given, so that this source of irregularity
is not very serious.

(3) A change of 1 per cent. in the air pressure
under ordinary conditions changes the daily rate
of a standard type of pendulum by about 0-1s.
This can be fairly accurately compensated in various
ways, but for the most accurate clocks it is best to
keep the pressure constant. For Riefler clocks this
is usually about 600 mm. of mercury, but for the
Shortt clocks it is of the order of 30 mm.

(4) The effect of the suspension spring does not
appear to be very great, although various methods
of supporting the pendulum have been invented.
Change of elasticity with temperature and fatigue
of the material from continuous bending, may
produce variations of arc and so affect the rate of
the clock.

(5) The most difficult problem in clock making
has been in the escapement. In the usual type of
clock the escapement serves a double purpose. It
enables the number of vibrations to be counted,
and through it the impulse is given which maintains
the vibrations of the pendulum. The pendulum
is in more or less continuous contact with tho escape
wheel, and although this is generally situated fairly
near the point of suspension, it is clear that frictional
forces and continuous interference by the escape
wheel may easily produce considerable irregularity
in the clock rate.

At the end of 1924 the clock Shortt 3, made by
the Synchronome Co., Ltd., was installed at the
Royal Observatory, Greenwich, and it proved so
reliable that it was introduced as standard on
Jan. 1, 1925. It consists of a *free pendulum ’
and a ‘ slave clock.” The free pendulum is made of
invar swinging in an air-tight case at a pressure of
about 1 inch of mercury. The free pendulum hag
no escapement. On a bar about one-fifth of the
way from the top it carries a very light wheel about
6 mm, in diameter. At every fifteenth swing to
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the left (30 seconds) a gravity lever carrying a
weight of § gm. and rcleased by the slave clock,
falls on the wheel, giving it an impulse. As this
lever gets clear of the wheel a tail-piece releases
mechanism which resets the impulse lever and also
causes an electric contact to be made which
synchronises the slave clock. An action of the
synchroniser on the slave clock advances its phase
by approximately 0:004s. The slave clock is
rated to lose about 5s. a day, or 0-002s. per 30s.
Under these conditions the synchronising action
on the slave pendulum occurs at alternate half
minutes with considerable regularity. The slave
clock does all the work of counting the vibrations
and releasing the impulse lever. Consequently,
the only interference with the free pendulum is the
impulsing during a fraction of a second every
thirty seconds. The great advantage which the
Shortt clock has shown over all other types of
clock is undoubtedly due to the relative freedom
of the pendulum from mechanical interference.

This clock was started at a practically zcro rate
at the beginning of 1925, but it acquired a losing
rate at about 0-04s. per day per month. By the
autumn of that year the rate of change of rate
had fallen to about 0-012s. per day per month. 1t
remained at approximately this value until June
1926, when the clock stopped ‘as a result of the
failure of the release of the lever which resets the
impulse arm of the free pendulum. This failure
was caused by two steel surfaces jamming, and to
avoid a recurrence of the fault a jewel was intro-
duced at the locking surface.

The clock was restarted in July 1926, since
which time its performance has been remarkable.
The rate showed the previous change of about
0-012s. per day per month, but apart from this
the going appeared nearly uniform. During
October and November 1926, when special time
determinations were being made for longitude
purposes, the temperature was subject to unusually
large fluctuations, and it appearcd that there might
be a temperature term of the order of 0-003s. per
day per 1° F. Consequently thermostatic control

O



@

b4

[4]
was introduced, and the clock rate became very
steady. This continued until May 1927, when
the clock error commenced to depart from the
predicted value, but this was traced to an irregu-
larity in sidereal time and not in the clock rate.
For those not acquainted with the exact definition
of sidereal time, we may state that sidereal time is
defined by the hour angle of the first point of Aries
measured westward from the meridian. The
motion of the first point of Aries is for convenience
divided into two parts, the uniform part called
precession and the non-uniform part called nuta-
tion. The principal part of the latter is given by
the formula
—1:06s. sin  ~0-08s. sin 2.

The period of the first of these terms is 186 years,
and this term can with sufficient aocuracy be ex-
pressed in the form a + B¢ + y£2 for an interval of a
year or two. The second term, though of much
smaller amplitude, runs through its period in six
months, and this term cannot be expressed in
quadratic form for more than four or five months,
The clock error was therefore analysed in the form
« + 3 + yt? + nutation, and this satisfactorily ex-
plained all the observations while the temperature
was approximately constant. The temperature
of the clock room had been maintained near 55° F.,
but in the summer of 1927 it rose to about 62° F.,
and by comparison of the observed clock error with
the formula, it was found that there was a tem-
perature term of very nearly 0-0030s. per day per
1°F.. When this effect was allowed for, a formula
was obtained which fitted all the observations from
March 1927 to December within 0-1s. The
formula was extrapolated backwards and found
to leave residuals of about three-quarters of a second
in the autumn of 1926 and to fit the observations
again in July 1926. Extrapolation forwards fits
the observations to 0-1s. at the end of March 1928.

Itshould be stated thatalthou gh the temperatures
were not known with great accuracy in 1926, the
residuals must be due to change in y or some other
irregularity.

The two diagrams (Figs. 1 and 2) show how

L)
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closely the observed clock errors can be explained
when the irregularitics are allowed for.  The points
in the diagrams are bhased on curves drawn
through all the errors determined with the transit
circle. A more detailed comparison of the ob-
served and computed clock errors is given in the
Monthly Notices of the Royal Astronomical Society
for March 1928,

The temperature term of 0-0030s. per day per
1°F., or 1-1s. per year per 1° F., is much smaller than
that for most high-grade clocks, but it was not
expected to exist. It is said by the makers to be
larger than would arise from uncertainty in the
coefficients of expansion of the materials used in
the construction of the pendulum. The second
Shortt clock which was erected in the same clock
room in May 1926 shows a temperature coefficient
of similar amount.

The temperature term in the clock error is, how-
ever, of comparatively small importance. Tho
important term for long-distance forecasting of the
clock error is y#2, y being 1-84s. when ¢ is in units
of 100 days. This term will amount to more than
three minutes in 3 years. There can be little doubt
that it is duc to growth in the length of the pendu-
lum. Itisknown thatinvar grows for years after its
manufacture, and that the growth may be irregular.
To explain the above coefficient the growth in the
length of the pendulum (994 mm.) is 0-001 mm. in
118 days. Changes in the rate of growth of the
pendulum do not affect the prediction of clock
errors for & month or so, but may become serious
when a formula fitting the observations for a year
or more is considered.

Possible changes in the rate of rotation of the
earth have recently attracted the attention of
astronomers. Observations of the positions of the
moon, supported fairly well by observations of
more slowly moving bodies in the solar system,
indicate that the rotation of the earth may be
subject to variation amounting in extreme cases
to about 1s. per year. One second a year is only
1 part in 30 millions, and if residuals of this order
in the relative times shown by. the carth and the

Q
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free pendulum are demonstrated, the question will
arise as to whether they are caused by :

(@) Residual secular change in the length of the
pendulum. -

(b) Variation of gravity.

(c) Variation in the actual rate of rotation of
the earth.

(d) Seismic disturbances.

(b) and (c) may be inseparable, as changes in the
earth’s moment of inertin may be accompanied by
changes in gravity as well as in the earth’s angular
velocity.

The real difficulty in the clocks is (@). Itappears
that the principle of their construction is such that
they could be used to check the uniformity of the
earth’s rotation if only material stable for several
years to 1 part in 100 millions could be obtained
for the manufacture of the pendulums. At present
the two sidereal Shortt clocks at Greenwich have
been running continuously for 20 months, and a
run of a few years would possibly suffice for errors
of 1. to accumulate in the earth’s rotation, but a
variation of 1 per cent. in the rate of growth of the
pendulums would introduce greater irregularity
in the clock error. It appears impossible to be
certain that any piece of material has the required
degree of stability, and until pendulums of different
materials in different parts of the earth agree in
supporting the motion of the moon and planets
against the earth’s rotation, clocks will not play

an important part in checking the uniformity of the
earth’s rotation,

Printed in Great I_IriftTH;Zy R. & R. CLARK, Limiten, Edinburgh,
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- b All MART Ads are FREE, Send copy to the attention of the Editor:

WANTED: HOROLOGICAL LITERATURE, Repair info, Catalogs, etc.

y
for the Journal Kﬁv
PORTESCAP Secticon Clock or Movement. (718) 969-0847 o
Harvey Schmidt, Editor, 75-80 179th st., Flushing, NY 11366

Junker EARLY BATTERY CLOCKS, Movements, Parts, etc, send details.
Martin C. Feldman, 6 Stewart Pl., Spring Valley, NY 10977

Motor for a "CALCULAGRAPH" clock. (This clock was made by the
CALCULAGRAPH CO., New York. It was used for timing telephone
calls). Paul Hopkins, 2717 Millwood Rd., Birmingham, AL 35243

Pendulum support casting, suspension spring, pendulum rod, and
bob for a 1l second GENTS

Richard B. Pridham, 10402 Bellman Ave., Downey, CA 90241

Plans, drawings to build a SETH THOMAS No. 2 Case
K. €. Denney, 3819 E, 55th Street, Tulsa, OK 74135

F.L. GREGORY (SEMPIRE) Movement, & like to know if you have a
clock with "F.L. Gregory Clock Company, Electric Gravity,
Chicago, Illinois" on dial. Early Bipolar Motors, & Early
Electric Fans. A complete DARCHE Medical Clock as shown on
pg. 19 of "150 Years of Electric Horology" (817) 267-9851
Steve Cunningham, 3200 Ashland Dr., Bedford, TX 76021

N.Y. STANDARD WATCH CO. movement, short pendulum type (approx.
12¢ beat), any repairable condition. Would also like dial,
hands, and pendulum if available. (713) 554-7387
Kenn L. Koerber, 105 Royal Dr., League City TX 77573

ELECTRO-MECHANICAL CLOCKS, preferably fancy cased and exposed
pendulum clocks. Elliot Siegel, 103 East Neck Road, Huntington,
NY 11743, Day or Night (516) 541-24900 or (516) 351-5869 (Z)

F. L. GREGORY movement for a SEMPIRE; a SWCC type F 120 beat
movement; anything made by HOLTZER~CABOT; nice wood cased
slaves; very early electric motors and fans. (817) 267-9851
Steve Cunningham, 3200 Ashland Dr., Bedford TX, 76021

REPAIR: ALL EARLY BATTERY CLOCKS Specializing in BULLE using orig. parts.

FOR
SALE:

Martin C. Feldman, FNAWCC, 6 Stewart Pl., Spring Valley, NY 10977

TIFFANY NEVER WINDS, Double Contact, Wood & Dome Cases; Single
Contact, Dome Case. (718) 969-0847
Harvey Schmidt, 75-80 179th st., Flushing, NY 11366

Repair Parts for TIFFANY NEVER-WIND Clock Co., CLOISTER Mfg. Co.
& NATIONAL MAGNETIC Clock Co.

David Lee, P.0. Box 171, Knox, NY 12107

REVERE Electric (Herschede) Grandfather Clock, 7 ft. Mahogany
Case w/glass 3 sides. 9 tubes, 3 chimes. Circa 1928. $900.00
(201) 652-1¢25 Mon, Wed, Fri. 9am to 9pm, other 9am to 5pm.
Roger Sanford, 12 Godwin Plaza, Midland Park, NJ 07432

Hi-Grade Electromechanicals such as: MONARCH with Mercury
Pendulum, MERCER Chronometer in a Carved Mahogany Case, Early
Wall Regulator in Carved Mahogany Case (6 ft.) maker unknown,
etc. (617) 599-4171 or 598-3881, Evenings and Weekends.
Steve Lefkowitz, 13 Puritan Park, Swampscott, MA §¢1907

RADIOCHRON, scallop top cathedral style tube radio with built in
manual start clock on matching table. Radio and clock work, $200

Terry Willett, 10306 Ky 815, Utica KY 42376, (502) 785-4808 Py
\

SYNCHRONOME (Hope-Jones) Master Clock, as on p. 72 of "150 Years -

of Electric Horology" w/ separate slave & multiple relay for

control of large system of slaves. 1ITR (predecessor of IBM)

elect. rewound master clock w/ mercury pendulum. (206) 842-5835
Alan Seymour, 10847 Bill Pt. Bluff, N.E., Bainbridge Is. WA 98119
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Fellow Horologists:

On August 20th, during the EASTERN STATES REGIONAL in Syracuse,

14 members of chapter 78 met and enjoyed a fascinating program
presented by ANTHONY PRASIL, curator of the HOFFMAN CLOCK MUSEUM

of Newark, New York. The slide show, entitled, "FROM FROGS LEGS

TO CESIUM ATOMS" began with the twitching of frog's legs, contin-
ued with the search for a perpetual motion machine, and culminated
with the Cesium Atom Clock? Additionally, those in attendance ex-
amined 4 movements that were brought for identification and a live-
ly discussion followed. It is hoped that chapter 78's participation
will become an annual event at this regional, joining ‘those at Fort
Mitchell, Ky; Dearborn, MI; Orlando, FL; and the annual National Con-
ventions.

Our journal for this quarter contains a varied assortment of material
including a biography of MATTHAUS HIPP, appearing for the first time
in ANY English language publication, thoughtfully provided by CHARLES
AKED. A most informative article about a legend in horology whose
HIPP TOGGLE switch and precision requlators remained unchallenged for
some fifty years! We are fortunate to be the recipients of this rare
document, and we offer our gratitude to Mr. Aked for his consideration.

JAY MCALLISTER of chapter 133, WESTERN ELECTRICS, has generously pro-
vided us with a copy of his article, " MAGNETIC PRINCIPLES" which
discusses the principles of magnetism from the very basics into the
more advanced areas. Jay also invites your comments which we hope
will encourage additional future material... '

MARTIN SWETSKY has provided us with "WHEN IS A VOLT NOT A vOLT"...
-about the use of power supplies to replace batteries, with a review
of conditions governing their choice, the regulation and control of
their output, and the application of inexpensive and easily avail-
able units to clock use.

Our condolences to the family of ALAN MARX, whose recent demise

due to heart failure leaves us with a void that will be hard to £ill.
Alan was a charter member of chapter #78 , an advanced collector with
an appreciation of design and workmanship, a gentle and caring man.

Enjoy this issue... good reading ahead. ..

Martin Swetsky, FNAWCC... President
Harvey Schmidt '
Dr. George Feinstein Co-Editors



Matthius Hipp in Reutlingen
‘The Development Years of a Great Inventor (1813-1893)
By 'Professor Helmut Kahlert

1 Among the documents concerning the founding of the Grand Duchy of Baden
Clockmakers ‘Schoal at Furtwangen * are two which state that the clockmaker
Matthdus Hipp from Reutlingen was awarded the prize (mechanical) of the Wiirt-
temburg Central Economic Association in 1840 and 1842, firstly for the new
principle of ensuring regular motion of a pendulum (1840), and secondly for an
important turret clock movement (1842). The Karlbruhe Professor of Physics,
Wilhelm Eiseniohr (1799-1872), as the representative of the Baden Government
for the establishment of the new clockmaking school, whom Hipp had already met,
wanted to make him the head of the workshop for "Stockuhren” [Spring driven
clocks fitted with short pendulums]. He visited Hipp for this purpose in
Reutlingen and arranged an interview for the end of October 1849 in connection
with the matter. The business went well, the authority for installation in the
post now only needed "higher approval”.

The May Revolution in Baden in 1849, put down with the help of the Prussian
Army, radically aitered the political situation, and the highest technical quali-
fications could not outweigh the political considerations. In a declaration from
the Baden Ministry of the Interior of 20 November 1849, it was stated that "in
view of the great influence that the instructors at the Clockmaking Schoal at
Furtwangen will have on all the clockmaking in the Black Forest, not only on the
technical training but also on the ethical and palitical scene", reliable infor-
mation on the candidate was required. :

The Wiirttemburg foreign office in reply to the enquiry had given Matth4us Hipp
& good character reference in the technical and ethical sense, but the sentence
that he was "palitically inclined to democracy without being excessively so"
made Karlsbruhe sit up. "Democratic" meant in the language of the day that
Matthdus Hipp adhered to Republican rather than Monarchist principles. The
decision brought a letter of denouncement from Reutlingen. A contract letter is
found in the establishment records of the Clockmakers school:

<X

The Baden Ministry of the Interior laconically declared after this that Matthius
Hipp was not suitable as an instructor in the clockmaking school. "Hipp must
therefore be told that his application cannot be considered". Apparently it was
considered unnecessary to return his application documents. In the opinion of
today, the contents of the letter certainly speak for the political and personal
qualities of Hipp. Apparently as clockmaker and mechanic he had not stood so
aloof from the political life of his Hme as many of his biographers assert.
The Association of Citizens of Reutlingen Politicians, of which he was a member,
had increasingly stood up for democratic ideas 2.

On a further occasion the appiication for a particular post was shattered by
political considerations, in Vienna in 1851 3. Hipp had applied for a leading
technical job in the Austrian Telegraphic service and with the approval of the
technical people had demonstrated his writing telegraph. Yet as a citizen of
Reutlingen he appeared to be unacceptable to the authorities for this position.
People apparently remembered the Reutlingen Whitsuntide gathering of 1849,
which certainly did not have the far-reaching consequences of the previous
county gathering in the Badische town of Offenburg, when the resalutions taken



telegraph created attention amongst the experts and the laity, even admiration.
In a newspaper announcement it is stated - "with the writing telegraph the nec-
essary lettars of the small Latin alphabet, 120 to the minute, were not only

In the year 1852, Matthius Hipp at last found employment more suitable to his
talents. The well known Physicist Karl August von Steinheil (1801-70), who had
already supported Hipp in Vienna, was appainted adviser to the Swiss Telegraph
Administration. It was probably due to his influence that Hipp, although a
foreigner, was chosen to be Head of the Machine Shop of the Telegraph Administ-

Swiss Francs ¢. He soon broadened his activities so that he in fact became, in
modern parlance, a technical director. So began a new chapter in the life of
Matthius Hipp, therefore a glance back at his youth and training, especially in
the Reutlingen period, seems indispensabla.

Mathius Hipp was born 25 October 1813, a few days after the battle of Leipzig,
in Blaubeuren. His father, Friederich Hipp, the son of a farmer, was Biker to
the monastery and a mill owner; he operated a flour, il and/or sawmill. His
mother, neé Friederiche Hauser came from Wittlingen; her father was an "inn-
keeper and judge” ©. A four year period of iliness overshadowed the early life
of the boy, then at eight years of age he had an ‘accident climbing in the

itants °. Master Eichelhofer therefore, as most of his colleagues, busied him-
self with repairs, servicing, and occasionally selling a clock. The usual verge
atches were ordered by the dozen from the Swiss Jura or France. They always
d to be examined in the local workshop to be put into good going order and
"finished" before they could be sald, which took one or two days per watch.

2
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Therefore, as soon as his apprenticeship was over, the eager Hipp sought a
workshop of his own where clocks could be made and toais developed.
—

His time as a journeyman began in Ulm, where from 1832-1834 he workead with the
town clockmaker Valentin Stoss the younger (1782-1861). Stoss was in the group
of the cleverest horologists in Wirttemberg. From archives it appears that he
mostly dealt in mantel clocks, although turret clocks are also mentioned. Valen-
tin Stoss is mentioned in Ulm directories from 1812-1860 3°, "Hipp said about
him", wrote Robert Weber, "that it gave him the opportunity of learning a great
deal, that the business was run ra: » Not simply on an established pattern,
but that at the time the purposes of a machine was kept in mind, and after that
the most functional means were applied”. This is also mentioned in a report to
the Stlttgart Trading Association in which Stoss describeqd his improved wheel
cutting engine that allowed six clock wheels to be cut and rounded up at the
same time, so that no more work on them was required. Multi-production of
toothed wheels had apparently laid the foundation of the American factories'
lead, and also Erhard Junghans senior ordered a machine from the USA in 1864
which could cut up to 40 wheels simultaneously.

In Ulm Matthius Hipp probably visited the Technical School, for he received a
decisive impetus towards his future calling from the son of his master who had
already finished his time abroad at La Locle in the Swiss Jura. Hipp's path led
him in 1834 to St Gallen, where he remained a year, and from there he went to
St Aubin on Neuchitel lake, where he worked about two years in the factory of
M. Savaie.

appears in the town registers in 1841 2, Reutlingen with 12,700 inhabitants
(1843) was the third largest town in Wirttemburg, whose development, however,
had stagnated until the mid~-1850's. From a trade association point of view, the
clockmakers in Reutlingen at that time were affiliated with the smiths. Statis-
ttics for the year 1848 give 7 independent clockmakers and 11 assistants, of
which some were certainly working for Hipp 2,

Matthidus Hipp married the teacher's daughter, Johanna Pue.ning'e'r" from Massenbach
in Reutlingen in 1841. The marriage lasted 52 Years until Hipp's death in 1893,
his wife outliving him by four years. They had four children. The only son,
however, died when a student, from tubarculosis. In 1842 the couple took over a
two-storey house with workshop in the Alpvorstat for 4,500 floring. The work-
shop was rebuilt, for in the records since 1843 a "smith's fire workshop" is
‘listed. In the year 1861 Matthius Hipp as "owner of a factory for electrical
apparatus in Neuchitel" soid the house through a representative to a clockmaker
for the same price. 3, Apparently he had, at this point in time, decided to
continue living in Switzerland. .

At his new place of residence he must have made an impression, not only as a
craftsman, but also as a personality, for already at the end of 1840 the
Chairman of the Reutlingen Trade Association, the schoolmaster Dr. Ammermiiller,
named him as "a salid, very accomplished, and well-experienced man”. Some years
later Hipp had been in contact with many well-known savants through sales and
travelling. The Tubingen Professor for Physics and Astronomy spoke of the
"excellent instruments" that Hipp had made for the observatory and physical
laboratory *<. Already by this time Hipp had developed his typical working
methods. He perceived the features of the problem, systematically thought out
the necessary requirements for a solution, and worked through to completion
with great ingenuity; engineer and craftsman in one person. It is continually
highlighted that Hipp unreservedly, without the customary secrecy that was obli~
gatory for many inventors, displayed his apparatus and could explain it with
noteworthy clarity to a broad public.
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In Reutlingen Hipp lived like any ordinary citizen but larger outpayments such
as the installation of a special machine, or the arranging of a special workshop,

Hipp was always open to offers for financia} help and did not lose courage with
the severance of assistance from Stuttgart 3, At the end of 1840 he requested
an interest-free loan for machinery to make high precision timekeepers (chrgno—

portable watchmans' clock, in an expert opinion used the comparison "a crippled
explorer on an inhospitable mountain” 17, Matthius Hipp wanted his proposals
adopted to overcome this situa .

In addition, however, he worked on steadfastly in his workshop. To begin with
he developed the possibilities of fine mechanical work, however he soon gave his

. 11{Ea.suxing instruments. Hipp's achievements in the field of micro-time measure-
~hent aroused considerable interest in the 1840's, for he succeeded in transform-
ing the Wheatstone chronoscope into a reliabje measuring instrument, in which he
took care that the weight-driven mechanical train first ran uniformly before

4
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the measuring process was electromagnetically initiated. [Wheatstone's instru-
ment did not do this but started the measurement with the train at rest].

Hipp's early chronoscopes came in 1847/48, they could measure to 1/500th of a
second and cost only 66 FL, about half the price of the English instrument.
Soon afterwards the time scale was refined to 1/1000th of a second, and later
(1873) Hipp showed a writing time measurer (chronograph) that astronomers had
long desired for the recording of their observations. Hipp's work on telegraphy
has been quoted previously, and above all this he occupied himself with making
railway traffic safe through a "Signal and Contral System" *®; an indicating and
registering speedometer for locomotives being patented only four years before
his death.

Very little, however, is known about the early development of Hipp's ingenious
invention, the "self-contralling" clock with impulsed pendulum: here speculation
often replaces missing facts. To understand the concepts to which Hipp devoted
his whale working life in revising and improving, and the development reaching
from the mechanical "prize®” clock of 1840 up to the high precision electrical
astronomical observatory clock of 1881, it is necessary to make an excursion
into horological history. The mechanical clock probably appeared in the second
half of the thirteenth century, an instrument that divided time into regular
small equal intervals, combined with a unit that prevented a wound-up train
from running down rapidly, and also, at the same time, giving the regulator new
driving energy; originally a faliot, later a pendulum, or the balance of a watch.
The plan which gave the regulator an impulse ‘at each half-swing, or in certain
cases each whale swing, regularly in short impuises, remained an essential part
in the making of mechanical time measurers until the 20th century. This stop
and go system of classical time measurement, rendered audible by the tick-tock
of the clock to everyone, caused Matthius Hipp to seek another solution.

He had already been fascinated by the cbservation, even as an apprentica, thata
well set-up pendulum set in motion continues to swing for a long time before it
comes to rest. It was not necessary to give regular impuises, and so interfere
with its freedom, it was sufficient to give an impulse when a certain limit of
amplitude was reached, separated according to the type of pendulum, from 2-120
seconds, Hipp wrote in 1880. In his clocks, which in this respect must have
constantly impressed clockmakers, remains the greatest difference between them
and ordinary clocks, in that the pendulum drives the hands *°.

But how was thigs reduced impulsing of the pendulum to be solved? Hipp was
giving this matter some thought during his journeyman period, the solution came
in 1834 at St. Gallen, the problem was mentally, if not constructionally, solved.
With his new "palette escapement”, two parts act together, one is an easily mov-
able piece of steal [palette] carried by and pivoted on the pendulum rod, and a
fixed pilece is fitted with a notch, the so-called "contra-palette". With wide
arcs of the pendulum the palette slides freely over the notch, but as the arc
diminishes slowly, the end of the paletta finally falls into the notch of the
contra-palette. As the pendulum swing reverses, the palette pushes down on the
notch and a mechanical or electromagnetic impulse is given to the pendulum.
This was the original form of construction; in later models [1863], the arrange-
ment is reversed, the palette is fixed, and the contra-palette swings with the
pendulum. [The principle is unaltered].

In electrical horology literature it is accepted that Hipp was using electro-
magnetic impulsing of pendulums in 1842, but no evidence can be found to supp-
ort this. It appears certain that the solution [for electromagnetic clocks] was
found in two steps, separated in time; firstly the clock with mechanical pendu-
lum drive, later the electromagnetic impuising. In the documents previously
mentioned regarding the Prize Award of 1840 2° is mentioned "a new principle
for creating a uniform going of the pendulum®, whereby the pendulum periodically
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receives new energy from a welght~driven train according to the measurement of
the reduction of its movement.

II. On his installation as director of the Swiss Telegraph workshop at Berne

in 1852, Matthius Hipp had already, through the Furtwangen negotiations explici-.

tly stated, recaived permission to carty out private work. Yet as the income
out of his activities ag an inventor soon considerably overtook hig salary,
conflicts with the press, administration ang parliament were not uncommon, all

Mostly as a resuit of the influence of Matthius Hipp, the Swiss Teiagraph syst-

em developed from 1860 as an example for other European countries. Yetas wall
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was a technical possiblity, aithough he was doubtful about the economic use of
such a system (1856). His electric piano with punched tape control excited int-
erest In the Paris exhibition of 1867. A badly insulated cable in Lake Lucerne
had led to unacceptable loss of current, so he connected the positive lead to a
strong battery and earthed the other, reaching the conclusion that by oxidation
the cable could again be made to function. (1857)

In the year 1860 Hipp resigned from the Swiss Government service and took over

the directing of the newly founded "Telegraph Factory* in Neuchatel, which as a

centre for production and development (fabrique de télegraphes et appareils

électriques) became known all over Europe. In 1889, at the age of 76, just four

years before his death on 3 May 1893 in Zurich, he handed over the direction of

the business to his successors, two Swiss engineers von Payer from Schaffhausen
and Favarger from Neuchdtel. In 1927, the undertaking, with the established

name of Favarg was absorbed into the Swiss Hasler concern.

Matthdus Hipp received recognition in his lifetime as inventor and successful
businessman, especially in Italy, France and Switzerland. In the history of
electrical timekeeping his rank is undisputed. Hipp exchanged experiences with
many famous learned men, he liased closely in technical matters and was a pers-
onal friend of the Director of the Neuchitel Observatory, Dr. Adalph Hirsch
(1830-1901) #+. About twenty-two articles appeared between 1840 and 1880 by
or about Hipp in the most renowned technical journal of the time in the German
language, Dingler's Polytechnische Journal.
e .

In many international exhibitions, Hipp's firm was awarded the first prize. Even
more pleasing to him than the award of the Cross of the Austrian Franz Josef
Order was the honorary doctor's degree bestowed by the University of Zurich to
the self-educated man on the grounds of "his great services to electrical tech-
nology especially to the Swiss Telegraph System”. Switzerland has not forgotten
Dr. Matthius Hipp to this day, but our country also [Germany] owes him thanks

and recognition.
APPENDIX

In the biographical note by Robert Weber (1893) 22 different contributions were
noted. A further five are included in J C Poggendorf's Biographisch-
Literarisches Handwérterbuch zur Geschticte der Exakten Naturwissenschaften
(1898). Two other important publications are not included therein.

An automatically controlled clock which immediately indicates when any irrequl-
arity due to friction or the like occurs, even if it amounts to only one-thous-
andth part of a second, and which overcomes a hundredfold greater resistance
than does any othar-clock. Invented by Matthdus Hipp in Reutlingen. In Dingler's
Polytechnisches Journal 88 (1843), page 258 onwards and page 441 with an illus-
tration. Also reprinted in Zeitschrift fiir Grog- und Klein-Uhrmacher jeder
Gattung [Bulletin for clock and watchmakers of every kind], Volume 1, Weimer
1845, Page 106 onwards.

Electricity as a motor for clocks in Deutsche Uhrmacher-Zeitung (1879 and 1880),
with many contributions starting in 1879, Page 87 onwards.

Translated by E J Tyler and edited by Charles K Aked with some additional mat-
erial added. 22 January 1990. The original article printed in Zeitschrift fir
Wirttembergische Landegschichte [Journal for Wiirtemberg Local History] 1989,
received 19 July 1989 in pamphlet form from Professor Helmut Kahlert: 24 foot-
notes are included but are not. given here since they merely quote reference .

sources, some however are shown in the biographical notes following, eg [3].
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Biographies of Matth&us Hipp in chronological order

Note: In some publications the incorrect forename of Matthias is used.

1893

1896

1898

1902
1911

1913

1927
1940
1958
1961

1963

1972

1977

1984

1985

1986

R.W. [Robert Weber]: Obituary of Matthius Hipp in Elektrotechnishe
Zelyschrift, pages 323-325 and 715.

Dr. M. Hipp - Obituary in Deutsch Uhrmacher—Zeitung page 85,

Weber, R./Favre, L. : "Matthius Hipp 1813-1893", Bulletin de la Societé
des Scilences Naturelles de Neuchdtel, pages 211-239.

"Hipp, Matthius", J. C. Poggendortf's Biographisch-Literatrisches Hand-
wlrterbuch zur Geschicte der Exakten Naturwissenschaften, Leipzig,
Volume 3, page 636. [3]

Schulte, Carl, "Hipp, Dr. Matthias", Lexikon dér Uhrmacherkunst second
edition, Bautzen, page 388 following. ‘

Dietschald, C. : Matthius Hipp, Der Cornelius Nepos der Uhrmacher,
enthaltend. 35 Lebensbeschreibungen, 2nd- ed. Krems, page 51 following.

Bauder, Karl: "Matthius Hipp, der groge Erfinder auf dem Gebiete der
Uhrmacherkunst in Verbingung mit der Elektrotechnik", Dingiler's Paly-
technisches Journal, pages 724-727, also Leipziger Uhrmacherzai v
pages 336-339. ‘

"Hipp, M.", Historisch biographisches Lexicon der Schweiz, Valume 4,
Neuenburg, page 229.

Fink, Gertrude: "Matthius Hipp, ein Genie aus der Ubrmacherzunft",
Reutlinger Zeitung, Volume 23, No 5.

Minch, Georg: "Matthius Hipp, ein schwabisches Uhrmachergenie”,
Neue Uhrmacher-Zeitung, Volume 22, page 26 following.

Keller, Walter/Schmid, Hang Rudalf: "Matthias Hipp 1813-1893", Schweizer
Ploniere der der wirtschaft und' Technik, Vol. 12, Zurich, pages 9-39. (3]

H.W.: "Matthiag Hipp 1813-1893", Bulletin des Schweizerischen Elektro~-
technischen Vereins, Volume 54, page 548 following. '

Schmid, Hans Rudalf: "Matthius Hipp", Neue Deutsche Biographie,
Valume 9,. Berlin, pPage 199 following. (8]

Abeler, Jiirgen: "Hipp, Dr. Matthdus", Meister der: Uhrmacherkunst
o. O, Wuppertal, page 281. [About one-third of a page in length].

Attinger, Claude/Jelmini, Jean Plerre: "L'horloge de 1'H&tel de Ville de
Neuchdtel. Un heritage de Mathias Hipp ...", Chronométrophilia No. 16,
Summer 1984, pages 72-82. 4

Zschuppe, Ulrich: "Matthius Hipp in Memoriam", History of Psychalogy,
Valume XVI, no. 3, July 1984, pages 1-5.

Favag- 125 ans 1860 .- 1985, Neuchatel, 1985, pages 11-14.

Hummel, Herbert: "Schmaize.r Edison vom Blautopf", Blaumdnnle, Beilage
der Sudwestpresse Ulm, for 24 September 1986. [9]
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MAGNETIC PRINCIPALS

by
Jay McAlister # 133

depends in :some manner on magnetic force ,1I thought a brief
review of the general Principals ang characteristics of
magnetism would be worthwhile. The information given here is
pPresented in non-technical language and without resorting to
theory or mathematics. However, in cases where terms peculiar
to the subject are widely used, these have been included and
explained. While much of the content of this paper will be "ol4
hat " to many of our members, it-is hoped that some may gain

a little insight into the workings of their Problem pieces or
be stimulated to further investigation,

As every school boy knows, a magnet is an object which
attracts iron, steel, and some Special alloys. While magnets
are found in nature, for centuries all Practical magnets have
been man made. Magnets are often Produced by Passing an electric
current through a wire coiled around a bar of iron, steel, or
appropriate alloy to "magnetize " it. Generally, if the bar - (i)
is of a hard steel, the attracting property, "magnetism", remains
in it after the current is stopped ang the bar is said to be
a "permanent magnet"., If the bar is made of soft iron, the
magnetism essentially exists only while the current is "on"
and the combination of the coil and bar is called an "electro-
magnet", »

Natural magnets, or "lodestones", €an occur in almost
any shape but, the development of the mariner's compass with
its long slim Pointer or "needle" Seems to have set the pattern
for "bar" magnets. Originally, these were made by rubbing a
bar with a lodestone or by aligning the bar with the earth's

In any magnet, the attracting force tends to be stronger
in some sections than in others. These regions of concentration
are called "poles", The end of a suspended bar magnet which
would swing toward the north was once called the " north seeking"
Pole. Somewhere in time the word 'seeking' has been dropped
and magnets now are said to have "north pPoles" and "south poles',
This designation is called " polarity ", The actual areas or
boundaries of 3 magnet's poles Mmay not be sharply defined
but, depend on the shape of the magnet. In a thick bar the pole
regions may each cover a considerable part of its length but,
in long slim bars the poles are concentrated at the ends. -
No mater how small or what shape a magnet is, it has both A4
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north and south poles,

With a piece of dnmagnetized iron , either type of pole
will exhibit the same attraction for it but , with other magnets
the poles of like polarity repel each other while thoes of
opposite polarity are attracted,

The region in Space around a magnet where the attracting
force can be detected ig called a " magnetic field ", A magnetic
field has " direction " which is defined as that line or path

pPoles. Magnetic fields exist around the earth,around magnets
and around any path where an electric current is flowing,

With permanent magnets the polarity, ang hence the field
direction, is fixed at the time of magnetization, With electro-
Mmagnets, or a flow of electric current, the field direction
is determined by the direction of the current flow. Before
continuing this discussion, it is necessary to assume a direction
for the flow of electric current. In this review, we will use

or out of the positive terminal of the current Source, (battery
generator,etc.,), and into the negative terminaj,. If the electron
theory is Preferred, it will be necessary to substitute the

word LEFT for right in the following discussions,

in the direction of the current flow . with the fingers closed
into the Palm, they are encircling the wire in the,same direction
as the resulting field, 1n the case of 3 Coil, if the coil is
grasped with the right hand in the same "thumbs-up " sort of
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Figure 1A shows a wire perpendicular to the paper with
current flowing outward and the resulting magnetic field counter-
clockwise around it. Figure 1B shows the direction of the field
about a segment of conductor with current flow from left to
right. The diagram in Figure 2 shows a coil with current flow
into the left lead and out of the right lead giving the field
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it becomes magnetized are the Subject of many theories. Since
these get into just about every discipline from vVector calculus
to voodoo, they are beyond the scope of this review! However, some
observations and concepts are offered to aid in Visualizing
magnetic phenomenon, We know that like magnetic poles repel

By this concept, when an unmagnetized body,of suitable

The property o
" hysteresis ". an object which retains magnetism indefinitely

magnetism will remain constant since, some materials will lose
part of their magnetism over time. Also magnetism can be removed
as it was imparted i.e.,by heat,v;bration,shock Or exposure

to strong magnetic fields of Opposite polarity. For best
retention, a magnet should be stored with a soft iron "keeper"
across the poles. ’

lift. A permanent Mmagnet made from some of the better alloys
of aluminum,nickel and chromium can be 'charged' to such a degree
as to support,in diract contact, up to 16 times their own weight

magnet will pull 4 times as hard on an object situated 1 inch

As stated early On, a magnet always has both types of
Poles. If a north pole is induced on one end of a bar.a south
Pole is induced on the other. For example, in Figure 3, when .
a rod of iron is placed in contact with a north pole face, a
new north pole is induced on the opposite end of the rod. It
can therefor be Supposed that the magnetism from the magnet's
north pole flows through the rog much as an electric current
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To carry this analogy further, just as an electrical
circuit carrying current from the positive terminal of a battery

of a magnet is a magnetic circuit although, not as
one of iron would be.
’

The characteristic indicating 'how good ' a material
is as a path for magnetizing force, as compared to air, is called
"Permeability", Materials , such as iron + which are much better
than air , i.e., have higher permeability rare called (w)
' Ferromagnetic ", Those which are not quite as good as air
like wood , are said to be " Nonmagnetic " and are not affected
by exposure to magnetism. " Paramagnetic" is the term applied
to materials, such ‘as aluminum , which are about equal to ,
or somewhat higher than air in permeability. The permeability
of a material is not constant but, can change as the material
becomes magnetized,

The classic experiments with magnets and powdered iron
are the basis for some of the concepts and terminology of
magnetic fields and circuits. As most of us have probably seen,
these consist of Sprinkling fine particles of iron on a sheet
of nonmagnetic material, like paper or cardboard , covering
a magnet and observing the resulting patterns., These patterns
are a series of lines connecting the magnet's poles in loop-
like formations which seem to suggest that something is flowing
along definite paths or " lines ". (See Figure 4) Actually the
"lines" are formed by the iron particles attaching themselves
to each other as magnetic poles are induced in them and the
location of any Particular "line" is random.

\J}'
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and postulated, from the patterns observed, that it was made

up of " lines of flux ", Also where the lines were closer
together , the flux was more concentrated that is 1wWas of greater
density. The concept of "flux density " has become very important
in the analysis and design of magnetic devices.

Figure 5 illustrates the concept of flux lines about
a conductor with current flowing from right to left and angled
away from the bPage. The flux lines form concentric rings
expanding out from the axis of the conductor and becoming more
and more widely seperated with distance from the current path.
The increasing Space between Successive rings indicates the
decrease in flux density with distance from the connductor.
Were the conductor coiled into a circle, the lines of flux would
be more concentrated inside the circle. If a like conductor
loop or ring , with current in the same direction » wWere placed
on top of the first , still more lines would be concentrated
inside the circle since + the flux from the current flowing

’
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in the second loop is adding to and combining with that of the [ Y
first. The addition of more such conducting loops would further -
increase the " magnetic field intensity " and hence, flux density

within the circles. A hollow stack of such rings or turns all

conducting in the same direction constitutes a magnetic coil

or " solenoid ". In practice, all of the turns are continuous

loops of the same conductor with the current common in all.Each

turn adds to the field intensity or strength even with no

increase in the amount of current flowing,

A coil as just described can impart magnetism to
ferromagnetic materials by placing the object within or near
it. The property producing the magnetism is called "
magnetomotive force " or "mmf"and since it can be increased
by adding current in the coil or turns to the coil, it is .
measured by the product of the current in amperes and the number
of turns on the coil ri.e.,in "ampere turns ".MMF induces flux
in the air or other nearby material. In some aspects mmf is
similar to "electromotive force ",or voltage . Voltage causes
the flow of current in an electric circuit and mmf causes flux
flow in a magnetic circuit.

The amount of flux present in a magnetic circuit is
expressed gquantitatively in several different units depending
on the measurement system used. One common unit is the "line"
or " Maxwell ". Flux density or flux per unit area, like 'lines
per square centimeter ' or "Gauss " is also a useful measurement. <:>

In electrical circuits, if the terminals of a battery
are connected by a # 10 copper wire and a # 10 iron wire, current
will flow in both wires but, more will flow in the copper wire
since it has higher "conductance "/( lower resistance ), than
the iron. If two opposite poles of a magnet are connected by
a soft iron bar, there will be some flux in the air between
the poles but, much more will be in the connecting bar that
is the flux density will be greater in the iron than in the
air. This is due to the higher permeability of the iron. The
flux in the air around a metallic magnetic circuit is called

"leakage flux ",

Except for small resistance changes due to changes in
the temperature of the conductors, direct current in a simple
copper wire circuit will increase in direct proportion to any
increase in voltage applied until the wire melts! If the voltage
is doubled the current is doubled as described by Ohm's law.

In a magnetic circuit composed of ferromagnetic material the
situation is a bit more complex. Generally the more mmf applied
to a ferromagnetic object the greater the flux or flux density
induced in it. The exact amount of flux induced for a given
number of ampere turns used to produce it depends on the
permeability of the material and the permeability drops off

as the flux density increases,i.e,as the object becomes more

4 '-\\
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magnetized., The upshot of this is that with increasing mmf
applied the flux density within a body will reach a limit called
'saturation " and no amount of mmf wil}l raise it so, there is

a limit as to how 'strong’ a magnet of a given size, shape and
material can be made. The initial Permeability and saturation

and to tend to OPPOse the flux below the wire. The result is

a force tending to move the wire down or away from the stronger
field above and into the weaker fielg below. The amount of force
on the wire will increase with the length of the wire in the
fixed field and with the amount of current flowing in the wire,

them apart.

From these Principals ang rules one can see how, depending
on the orientation rPolarity ,ang direction of current flow
magnets and coils can be made to attract or repel each other

Hopefully, some of the Subtleties involved have also been pointed

Out. If this paper has proved 'palitable',another article

expanding on the subject can be undertaken, Comments from the
““'membership would be appreciated,.

9 Qo ba teacd ol T (7823 L posa Lawe
03 Fouws TA/A U4LL€‘( CA 92708
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WHEN IS A VOLT NOT A VOLT?

OBSERVATIONS ABOUT THE USE OF DC POWER SUPPLIES TO POWER PN
BATTERY OPERATED CLOCKS... L 4

by MARTIN SWETSKY, FNAWCC

When battery clocks were originally manufactured, the only power
source was the cell, or battery which consisted of multiple cells.
While these power sources were far from ideal with their caustic
and corrosive electrolytes, and the need for frequent maintenance,
they enjoyed a single advantage in that they delivered the intended
output voltage.

Modern alternatives include the use of readily availahle and inex-
pensive AC Adaptors or Plug-in Wall Transformers. The output volt-
age of these units varies with the load placed on the device and

the rated voltage is correct as indicated when the load matches

the ratings. For example, a 12 volt, 300 ma. (milliamperes) power
supply will deliver 12 volts ONLY when the: current drawn is exactly
300 ma. If less, the voltage will be higher, and if greater, the
output voltage will be lower. Consider what a great coincidence has to
exist for the ratings to precisely match the voltage and current re-
gquirements of a clock! How important then, is the exact voltage to
be applied to a clock, and what can we do about stabilizing these
unregulated devices?

Battery clocks, for the purpose of this discussion, may be divided
into 2 categories; the first where electricity is employed in a
remontoire application... to activate a solenoid, lift a weight, or
rewind a spring. Examples of this type of clock include: IMPERIAL, (:)
AMERICAN CLOCK CO., SYNCHRONOME, STROMBERG, STANDARD ELECTRIC, and
ITR/IBM, to name a few. The voltage applied to this class of clock
is generally not critical, as long as a minimum exists to perform
the required operation with safety and reliability, but not to ex-
cess where the coil insulation may be damaged. The second group
involves. the interaction of an electromagnet with a permanent mag-
net, and in this case, the strength of the magnetic field developed
is directly dependent upon the applied voltage, and is a major
factor in the clock's timekeeping ability. Examples of clocks in

this category include: BULLE, ATO, EUREKA, BRILLIE, VAUCASON, and
others.

State-of-the-art electronics provides a solution to our problem
with the inexpensive REGULATOR IC CHIP. 1In practice, a power source
is selected that provides a minimum of 2 to 3 volts more than need-
ed, along with adequate current ratings, and the regulator is in-
stalled at the output. The choice of regulator will then determine
the actual output on a steady and unvarying basis! See the chart in
figure-1 for a list of fixed voltage regulators which are readily
available from Electronic Parts Distributors and Radio Shack type

stores. The connections are shown in the schematic diagram in fig-
ure-2,

To go a step further in the line of regulator IC's, an additional B
option exists with the use of a Variable Voltage IC which provides (;)
a choice of voltages from 1.2 to 37, dependent upon the input volt-

age, which again must be a small amount higher than the required

maximum output. Figure-3 details the connection of this device.
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The use of a VARIABLE (or ADJUSTABLE) OUTPUT REGULATOR permits
voltages to be obtained that are not available from the FIXED
Voltage series. The availability of 14 and 3 vVolts for example,
are not included in the fixed-voltage devices. Another application
for this chip is in a bench-type power supply for testing and re-
pairing clocks prior to the installation of batteries, and in the
testing of clocks with unknown voltage requirements.

In the event that a special voltage is required, and the need for
adjustment is unnecessary, a few methods are available to provide
the desired output. See figure-4 for a chart of fixed resistor
values that may be used to replace the pPotentiometer when 1%, 3,
and 4% volts are required. Another method of obtaining a special
voltage is to replace the potentiometer with a fixed resistor to

As an additional alternative, the resistance value may be calculated
using the following formula;

R = 240 x [(Voltage out) -1]
1.25

For example, let us assume a desired voltage out of 10 volts, the
calculations work out as follow;

R =240 x [(_10 ) =11 = 240 x [8 - 1] = 240 X [ 7] = 1680 ohms
1.25

The nearest standard resistance value to 1680 ohms would then be in-
stalled which would provide an output within 10%; in practice, an
acceptable value in clock applications.

a heat-sink to assist in heat dissipation. This is a stock device
that should be available at the same Source of supply that provides
the IC chip. Given enough space, a few square inches of copper or
aluminum fastened to the IC's top tab will prove adequate, keeping
in mind, the need for insulating the tab from any part of the circuit-
ry, as it is internally connected to one of the terminals of the IC.
In a practical sense, the need for an output greater than 1 ampere
would be very rare, limited to a large master/slave system with many
clocks in the system. Sample meéasurements by the author have failed
to indicate a need for large currents, testing a variety of battery
powered clocks over a period of a year or more. Another group of
Regulator - IC's exist that can provide current values to as high as
S_amperes, and this information appears in figure-5 for reference,
should an unusual case exist that requires one of these units.

blow-out proof! 1In the event of excessive current drain or a short-
circuited load, the output is shut off until normal conditions are
restored. This feature, combined with its load stabilizing character-
istics provides clear evidence of the value of regulator IC's in any
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The information herein presented assumes the availability of a

DC Power Supply, and refers to the stabilization and regulation

of its output, and in consideration of the availability of these
devices, does not include reference to the construction of the
basic unit. Pictoral presentations of the components have been
included in order to simplify the data for those without electronic
backgrounds, and should be considered to be representitive of the
parts depicted, but not necessarilly exact duplications. The refer-
ences to the publications contained in th: 2ibliography following,
includes basic material as well as engineering data, and the reader's
background should determine his selection of additicnal information.

A final note before closing is in order as regards the accuracy of
output voltages from regulator IC's and their stability. Technical
literature regarding these devices refer to a stability factor of
5%, which provides an acceptable figure of merit when applied to
most battery clocks, and far exceeds the accuracy of the voltages
available from unregulated transformer-type power sources which are
subject to the additional variations in output resulting from power.
line fluctuations.

BIBLIOGRAPHY: O

Sylvania ECG Semiconductors, Technical Manual, Linear Modules & IC's
Signetics Analog Manual, Signetics Corp. (1976 edition)

Sourcebook of Modern Transistor Circuits, Cowles, Prentice Hall (1976)
ECG Semiconductors, Master Replacement Guide, Philips ECG (1992)

CCMPONENT IDENTIFICATION

DESCRIPTION SCHEMATIC REPRESENTATION PHYSTICAL APPEARANCE
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POTENTIOMETER -—--- ___-Aﬂkgy_ ---------

AC ADAPTOR ) . .~
(WALL TRANSFORMER)____ “ a><_-— o ===
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FIGURE-1
FIXED VOLTAGE REGULATORS (1 AMP)
OQUTPUT VOLTAGE ECG # GENERIC PART # PIN CONNECTIONS
C:) 5 VOLTS 960 7805, LM-340 #1... INPUT
6 VOLTS 962 7806 2... NEGATIVE
8 VOLTS 964 7808, LM-341 3... OUTPUT
10 VOLTS 1932 -
12 VOLTS 966 7812
15 VOLTS 968 UPC-14315
18 VOLTS 958 AN-7818
24 VOLTS 972 7824 1
3
REGULATOR IC
FIGURE-2 FIXED VOLTAGE REGULATOR PIN CONNECTIONS
REGULATOR IC #1... INPUT
‘g... NEGATIVE
... OUTPUT
+ 1 3 + 123
2
UNREGULATED RE
INPUT oy — GULATED
T -/~ OUTPUT
CAPACITOR CAPACITOR
1000 MFD/ .1 MFD/
50 voLT 50 voLT
: NOTE: THE CAPACITORS, WHILE NOT ESSENTIAL TO THE
(;) CIRCUIT OPERATION, ACT AS STABILIZING DEVICES
AND REDUCE THE EFFECTS OF TRANSIENTS, AND ARE
THEREFORE RECOMMENDED, ESPECIALLY TP THE REGULATOR
CIRCUITRY IS NOT LOCATED NEAR THE POWER SUPPLY.
FIGURE-3
ADJUSTABLE VOLTAGE REGULATOR
1.2 TO 37 VOLTS, ECG #956, GENERIC #LM-317-T
_REGULATOR_IC_
VARIABLE VOLTAGE PIN CONNECTIONS
REGULATOR IC #1... ADJUST
2... ouTPUT
——fﬁ J... INPUT
23
1 3
2
UNREGULATED 240 OHM 1 REGULATED VARIABLE
INPUT —_— RESISTOR = OUTPUT VOLTAGE
T~
CAPACITOR CAPACITOR
1000 MFD/ 5000 OHM .1 MFD/
50 voLT POTENTIOMETER 50 voLT

NOTE: THE CAPACITORS,

CIRCUIT OPERATIO
AND REDUCE THE E

TREREFORE RECOMMENDED

CIRCUITRY IS NOT

WHILE NOT ESSENTIAL TO THE
N, ACT AS STABILIZING DEVICES

FFECTS OF TRANSIENTS

+ AND ARE

+ ESPECIALLY IF THE REGULATOR

LOCATED NEAR THE POWER SUPPLY.
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FIGURE-4

VOLTAGE/RESISTANCE RELATIONSHIP FOR FTIXED QUTPUT VOLTAGES
FROM AN ADJUSTABLE VOLTAGE REGULATOR

Y

OUTPUT VOLTAGE FIXED RESISTOR (REPLACING POTENTIOMETER)
1% VOLTS 47 OHMS
3  VOLTS 330 OHMS
4% VOLTS 620 OHMS
FIGURE-5
HIGH CURRENT FIXED VOLTAGE REGULATORS
QUTPUT VOLTAGE ECG # OUTPUT CURRENT PIN CONNECTIONS
5 VOLTS 931 3 AMPERES #1... INPUT
5 VOLTS 932 5 AMPERES 2... OUTPUT
12 VOLTS 1912 3 AMPERES 3... NEGATIVE
12 VOLTS 933 5 AMPERES
13.8 VOLTS 934 5 AMPERES gﬁ%ﬁ}p ,
15 VOLTS 1918 3 AMPERES
18 VOLTS 1920 14 AMPERES 0
24 VOLTS 1924 1% AMPERES Bomamview

NOTE: The ECG numbering system is used more often by local Electronic
Parts Distributors while the Generic system is used more often
by mail order Electronic Suppliers and Radio Shack type stores.

ELECTRICAL HOROLOGY MEETING

A meeting of those interested in electrical horology was held as a part

of the 1993 Great Lakes Regional in Dearborn, Michigan. Eighteen people
attended, and host Bill Ellison opened with a brief description of the
three electrical horology chapters. Tony Bolek of Harper Woods, Michigan
presented a very thorough description of the Kundo electronic clocks; the
familiar curved rod pendulum bob type. Tony explained the basics of mag-
netism as applied to these clocks, and described how he analyzed the Kundo
electronic circuit. He noted the that three different versions of the cir-
cuit was used aside from the mechanical switch type. Tony explained how
each circuit worked, with a demonstration of one that was a self-starting
type, using a mock-up and beat amplifier. The Kundo clocks all receive
their impulse near the center of pendulum travel, and when compared to the
Schatz electronic clocks which are impulsed at the end of the pendulum's
swing, proved to bhe better timekeepers.

Bill Ellison, during the regional, demonstrated a new Slave Clock Control-
ler; a battery operated device which offers quartz accuracy and minute-
stepping operation for slave clocks with minute impulsing. Contact him at

Horolovar Company for more information. Box 264, St. Clair Shores, MI 48080.
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<i211 MART Ads are FREE, Send copy to the attention of the Editor:
Harvey Schmidt, 75-8¢ 179th St., Flushing, NY 11366. Limit 3 lines.

WANTED: HOROLOGICAL LITERATURE, Repair info, Catalogs, etc.
for the Journal
PORTESCAP Secticon Clock or Movement. (718) 969-0847
Harvey Schmidt, Editor, 75-80 179th st., Flushing, NY 11366

Junker EARLY BATTERY CLOCKS, Movements, Parts, etc, send details.
Martin C. Feldman, 6 Stewart Pl., spring Valley, NY 10977

Motor for a "CALCULAGRAPH" clock. (This clock was made by the
CALCULAGRAPH CO., New York. It was used for timing telephone
calls). Paul Hopkins, 2717 Millwood Rd., Birmingham, AL 35243

Pendulum support casting, suspension spring, pendulum rod, and
bob for a 1 second GENTS
Richard B. Pridham, 10402 Bellman Ave., Downey, CA 99241

Plans, drawings to build a SETH THOMAS No. 2 Case
K. C. Denney, 3819 E. 55th Street, Tulsa, OK 74135

F.L. GREGORY (SEMPIRE) Movement, & like to know if you have a
clock with "F.L. Gregory Clock Company, Electric Gravity,
ﬁ Chicago, Illinois" on dial. Early Bipolar Motors, & Early
(;) Electric Fans. A complete DARCHE Medjical Clock as shown on
- Pg. 19 of "150 Years of Electric Horology" (817) 267-9851
Steve Cunningham, 3200 Ashland Dr., Bedford, TX 76021

N.Y. STANDARD WATCH CO. movement, short pendulum type (approx.
120 beat), any repairable condition. Would also like dial,
hands, and pendulum if available. (713) 554-7387
Kenn L. Koerber, 105 Royal Dr., League City TX 77573

ELECTRO-MECHANICAL CLOCKS, preferably fancy cased and exposed
pendulum clocks. Elliot Siegel, 103 East Neck Road, Huntington,
NY 11743, Day or Night (516) 541-2400 or (516) 351-5869

SWCC type F 120 beat movement; anything made by HOLTZER-CABOT;
nice wood cased slaves: very early electric motors and fans,
(817)267-9851 Steve Cunningham, 3200 Ashland Dr. Bedford TX 76021

AMERICAN CLOCK CO., Pendulum Rod & Bob for 80 beat Wall Regulator
W. MacAvoy, 3400 Pruss Hill Rd., Pottstown PA 19464 (215)287-8934

Antique Watch & Clockmakers Tools and Machinery. (718) 969-0847
Harvey Schmidt, 75-8¢ 179th St., Flushing NY 11366

REPAIR: ALL EARLY BATTERY CLOCKS sSpecializing in BULLE using orig. parts.
Martin C. Feldman, FNAWCC, 6 Stewart Pl., Spring Valley, NY 10977




FOR
SALE:

WANTED:
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TIFFANY NEVER WIND, Double Contact Model, Replacement Castings
for Pendulum Suspension & Contact Arms (Brass not Pot Metal)
$20 each, $37 for both. (800) 221-0424 X206

- Martin Swetsky, 1910 Coney sland Ave., Brooklyn NY 11230

Repair Parts for TIFFANY NEVER-WIND Clock Co., CLOISTER Mfg. Co.,
& NATIONAL MAGNETIC Clock Co.
David Lee, P.O. Box 171, Knox, NY 12107

REVERE Electric (Herschede) Grandfather Clock, 7 ft. Mahogany
Case w/glass 3 sides. 9 tubes, 3 chimes. Circa 1928. $900.00
(201) 652-1025 Mon, Wed, Fri. 9am to 9pm, other 9am to Spm.
Roger Sanford, 12 Godwin Plaza, Midland Park, NJ 07432

Hi-Grade Electromechanicals such as: MONARCH with Mercury
Pendulum, MERCER Chronometer in a Carved Mahogany Case, Early
Wall Regulator in Carved Mahogany Case (6 ft.) maker unknown,
etc. (617) 599-4171 or 598-3881, Evenings and Weekends.
Steve Lefkowitz, 13 Puritan Park, Swampscott, MA 019¢7

RADIOCHRON, scallop top cathedral style tube radio with built in
manual start clock on matching table. Radio and clock work, $200
Terry Willett, 106306 Ky 815, Utica KY 42376, (502) 785-4808

SYNCHRONOME (Hope-Jones) Master Clock, as on p. 72 of "15@¢ Years
of Electric Horology" w/ separate slave & multiple relay for
control of large system of slaves. ITR (predecessor of IBM)
elect. rewound master clock w/ mercury pendulum. (206) 842-5835
Alan Seymour, 10847 Bill Pt. Bluff, N.E., Bainbridge Is. WA 98110

SCOTT BATTERY Electric Shelf Clock (London Stereoscopic Co.)
Circa 1905. Photo & Details in A. & R. Shenton "The Price Guide
to Collectable Clocks." Fig. 404. (800) 221-0424 X206
Martin Swetsky, 1916 Coney Island Ave., Brooklyn NY 11230

Last minute additions:

Kundo Electric Clock with a mechanical switch (rather than
transistors). | would like to buy or borrow one of these clocks for
study purposes.

Brillie Clock. Dial and hands needed for a one-half seconds Brillie Clock.

Holtzer-Cabot Magneto Clock. | would like to borrow or buy some paper
disks which were used in this clock for recording the watchman's
stations. |If there is interest, | will reproduce these disks for
other Holtzer-Cabot owners. Bill Ellison, 1635 Ford Court, Grosse
Pointe Woods, M! 48236. Telephone (313) 881-2906.
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THE JOURNAL OF THE

ELECTRICAL HOROLOGY SOCIETY

CHAPTER #78 NATIONAL ASSOCIATION OF WATCH & CLOCK COLLECTORS

VOLUME XVIV, NUMBER 4, DECEMBER 1993

FELLOW HOROLOGISTS:

In this issue, the last one for 1993, we are pleased to
once again be able to publish a reference work of lasting
importance. It is our goal to provide a journal each year
or two which contains material of such significance that it
may stand on its own as an acknowledged reference for use
by horologists for many years into the future.

With this objective in view, we are pleased to offer, in

this journal, a hitherto unpublished survey by CHARLES K.

AKED titled "A MILLENARY OF ELECTRICAL HOROLOGY REFERENCES",
covering 1000 publications in the general listing, followed

by a chronological and name listing to complete the references.
We are proud to have undertaken the task of publishing this
work and are greatly indebted to Mr. Aked for his kind per-
mission to provide the means for its exposure.

You will note the change in appearance of the journal's
letterhead which your editorial team has determined better
exemplifies the dignity of the chapter, and is in greater
keeping with its image and objectives.

The MART section, consisting of almost two pages in this

issue, will once again undergo its annual revision... All
material which presently appears will be ELIMINATED, UNLESS

the editor is advised of the desire for continued publication.
It is obvious that out-of-date material must be removed to

make room for current ads, and the method chosen for the edit-
ing has met with general approval, at least insofar as we are
able to tell from the correspondance received. Your views

are always welcome, and the membership's comments on all aspects
of the journal are given due consideration. Remember that this
is YOUR chapter and YOUR journal, and is the forum for YOUR
views, criticisms, and comments. Perhaps we should have a col-
umn entitled "Letters to the Editor"... food for thought...

Since it's around year-end, the news that dues are once again
due should come as no surprize... If there's a notice attached,
it means that you will owe $10 (NO INCREASE) for 1994, and
your prompt response will be appreciated.

(continued)

HARVEY SCHMIDT, SECRETARY-TREASURER  75-80 179th STREET, FLUSHING, NY 11366

(e ——
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211 MART Ads are FREE, Send copy to the attention of the Editor:
Harvey Schmidt, 75-8@¢ 179th St., Flushing, NY 11366. Limit 3 lines.

WANTED :

HOROLOGICAL LITERATURE, Repair info, Catalogs, etc.

for the Journal

PORTESCAP Secticon Clock or Movement. (718) 969-0847
Harvey Schmidt, Editor, 75-80 179th st., Flushing, NY 11366

Junker EARLY BATTERY CLOCKS, Movements, Parts, etc, send details.
Martin C. Feldman, 6 Stewart Pl., Spring Valley, NY 10977

Motor for a "CALCULAGRAPH" clock. (This clock was made by the
CALCULAGRAPH CO., New York. It was used for timing telephone
calls). Paul Hopkins, 2717 Millwood Rd., Birmingham, AL 35243

Pendulum support casting, suspension spring, pendulum rod, and
bob for a 1 second GENTS
Richard B. Pridham, 10402 Bellman Ave., Downey, CA 90241

Plans, drawings to build a SETH THOMAS No. 2 Case
K. C. Denney, 3819 E. 55th Street, Tulsa, OK 74135

F.L. GREGORY (SEMPIRE) Movement, & like to know if you have a
clock with "F.L. Gregory Clock Company, Electric Gravity,

Chicago, Illinois" on dial. Early Bipolar Motors, & Early
Electric Fans. A complete DARCHE Medical Clock as shown on (:)
pg. 19 of "15¢ Years of Electric Horology" (817) 267-9851

Steve Cunningham, 320¢ Ashland Dr., Bedford, TX 76021

N.Y. STANDARD WATCH CO. movement, short pendulum type (approx.
120 beat), any repairable condition. Would also like dial,
hands, and pendulum if available. (713) 554-7387
Kenn L. Koerber, 165 Royal Dr., League City TX 77573

ELECTRO-MECHANICAL CLOCKS, preferably fancy cased and exposed
pendulum clocks. Elliot Siegel, 103 East Neck Road, Huntington,
NY 11743, Day or Night (516) 541-2400 or (516) 351-5869

SWCC type F 120 beat movement; anything made by HOLTZER-CABOT;
nice wood cased slaves; very early electric motors and fans.
(817)267-9851 Steve Cunningham, 3200 Ashland Dr. Bedford TX 76021

AMERICAN CLOCK CO., Pendulum Rod & Bob for 8¢ beat Wall Regulator
W. MachAvoy, 3406¢ Pruss Hill Rd., Pottstown PA 19464 (215)287-8934

Antique Watch & Clockmakers Tools and Machinery. (718) 969-0847
Harvey Schmidt, 75-8¢ 179th St., Flushing NY 11366
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FOR
SALE:

KUNDO ELECTRIC Clock w/ Mechanical (not Transistor) Switch. Want
to buy or borrow one for study purposes. Dial & Hands for a one-
half second BRILLIE CLOCK. Want to borrow or buy some paper
disks used in the HOLTZER-CABOT MAGNETO CLOCK for recording the
watchman's stations. If there is interest, I will reproduce the
disks for others. (313) 881-2906
Bill Ellison, 1635 Ford Court, Grosse Point Woods, MI 48236

Switch Assembly & Actuating Cam w/ Arbor for ITR Master Clock.
Will consider complete movement. Please state condition & price
in reply. SCHOTZ, KUNDO, & other high grade electrics & electric
animateds such as MASTERCRAFTER, HADDON, UNITED, etc. Also
accessories and parts. (614) 759-7660
Joe R. Clark, 12954-B Stonecreek Dr., Pickerington OH 43147

ALL EARLY BATTERY CLOCKS Specializing in BULLE using orig. parts.
Martin C. Feldman, FNAWCC, 6 Stewart Pl., Spring Valley, NY 10977

TIFFANY NEVER WIND, Double Contact Model, Replacement Castings
for Pendulum Suspension & Contact Arms (Brass not Pot Metal)
$20 each, $37 for both. (800) 221-0424 X206
Martin Swetsky, 1910 Coney Island Ave., Brooklyn NY 11230

Repair Parts for TIFFANY NEVER-WIND Clock Co., CLOISTER Mfg. Co.
& NATIONAL MAGNETIC Clock Co.

David Lee, P.0O. Box 171, Knox, NY 12167

Hi-Grade Electromechanicals such as: MONARCH with Mercury
Pendulum, MERCER Chronometer in a Carved Mahogany Case, Early
Wall Regulator in Carved Mahogany Case (6 ft.) maker unknown,
etc. (617) 599-4171 or 598-3881, Evenings and Weekends.
Steve Lefkowitz, 13 Puritan Park, Swampscott, MA @1907

RADIOCHRON, scallop top cathedral style tube radio with built in
manual start clock on matching table. Radio and clock work, $200
Terry Willett, 10306 Ky 815, Utica KY 42376, (502) 785-4808

SCOTT BATTERY Electric Shelf Clock (London Stereoscopic Co.)
Circa 1905. Photo & Details in A. & R. Shenton "The Price Guide
to Collectable Clocks." Fig. 404, (800) 221-0424 X206
Martin Swetsky, 1910 Coney Island Ave., Brooklyn NY 11230

THE SLAVE CLOCK CONTROLLER

Introducing the SLAVE CLOCK CONTROLLER. Do you have a few slave clocks at
home and are you wondering what to do with them? Here is the device that you
have been looking for. The SLAVE CLOCK CONTROLLER converts these slave
clocks: into precision timekeepers offering quartz accuracy along with the
charm that these beautiful, old clocks offer. The SLAVE CLOCK CONTROLLER is
a battery powered device that will run these slave clocks for more than one
year. The clocks will run just as they were designed to run with minute
stepping of the hands. Only two connections to the clock mechanism are
required. No changes to the mechanism or to the wiring are necessary so that
the original integrity and value of the slave clock are protected.

If interested, contact Bill Ellison, address & phone in top ad, this page.
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Editorial, continued from page 1.

A reminder to members requesting reprints of previously pub-
lished journal material... Send your requests to our chapter
historian, Dr. George Feinstein at 75-19 195th Street, in
Flushing, NY 11366. Please include 25¢ per page, or $3 per
complete issue, plus postage. Our latest index includes 20
years of journal information, much of which is unavailable
elsewhere.

Thanks to all those contributors of material for the journals
throughout the past year... if we try to name all of them. we're
sure to miss out on some, so please accept our combined thanks.

The 1994 Dues notice follows, and we request your very prompt
attention. Remember that all of the chapter business is con-
ducted by a few volunteers, and needless billing to late pay-
ers adds to the burden...

we apologize for our goof in numbering the journals during 1993;
The volume numbers for 1993 should have been XVIV, not XVIII. il
Please correct your issues so that the next index will identify
them properly.

With our best wishes for happiness during this Holiday Season
and a Healthy and Prosperous New Year...

Martin Swetsky, FNAWCC,... President
Harvey Schmidt }
Dr. George Feinstein }.... Co-Editors

RENEWAL MEMBERSHIP or APPLICATION FORM

Please print all information:

NAME NAWCCH

ADDRESS

» I wish to become a member of the Electrical Horology Society--#78 and enclose

my $10.00 dues for the yaar 1994.
check here

‘ I wish to renew my current membership in the Electrical Horology Society=-«i#78
and enclose my $10.00 dues for the year 1994

check hera <"

SIGNED: DATE:
75-80 179th STREET, FLUSHING, NY 11366

HARVEY SCHMIDT, SECRETARY-TREASURER
.Mg
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INTRODUCTION

Kany years ago the author produced the first list of electrical horology references, distributing it to
nenbers of the newly-forsed Electrical Horology 6roup of the Antiquarian Horological Society, The list was
edited and shortened to be included in the Flacérifying Time catalogue published in 1976 as Monograph No
10, see pages 19-20, It was also included in A Conspecius of Elecirical Tiaskeeping, published also in
1976 as fonograph No 12, see pages vi-vii, Both of these were intended to commemmorate the centenary of
the death of Alexander Bain on 2nd January 1877, and were produced for the Electrical Horology Exhibition
held at the Stience useum, London, the first of its kind in the world,

In spite of prognostications by the Antiquarian Horology Society's accountant, thatl neither book would
sell, 1,500 copies of the first, and 2,500 copias of the second book were sold, both are now out of print
and the asking price is many times the origimal,

In order to be able to refer to his own material on the subject of Electrical Horology, the author has
assembled the listing given here, actually the catalyst came from an emguirer who sought such a source of
inforsation, It vas started by entering entries just as they came to hand, The intention was then to
place these in chronological order, but this was soon found to be too time-consuming on a word processor,
also the listing proved no more logical as a result, If an author has produced several works, it is more
convenient to have these together than separated by date, HMoreover the insertion of new entries would be
vost inconvenient if the sequence of chronological order was to be maintained, neressitating rearrangement
of the whole each time the changes were introduced, The alternative of alphabetical listing of the
authors' names removes the need for a name index but does not produce a more logical listing for searching
vhen the nare is not known,

A Chronological Index of entries is given, which together with the Name Index, should enable the user to
find the entries of interest to him, Such well known examples as the Eureka, Murday, or Self-Winding
clocks, will be found in the Name Index, A Subject Index was considered but many of the entries are of
such general coverage that the index would have become over-large, thus making the work too expensive to
publish,

After one thousand entries had been reached, it was decided to stop, not only for the cost, but also to
keap production of the indexes Lo manageable proportions, A few more entries were added merely to fill the
last page up, and to provide a reserve should an entry have been duplicated earlier and have to be deleted,
it is not easy to avoid such duplication of entries vith a large number,

Vhen the original listing was produced, many expressed surprise at so many references, one person thinking
it would be quite impossible to enlarge it much further as proposed, The reader may be assured that the
present listing, much larger than anything ever produced before, is only the tip of the 1ceberg, For
example the entire run of the Horological Journal needs to be searched and the electrical items extracted,
only a few are included in the present list, The material published in the Electrical Horology Group of
the Antiquarian orological Society newsietter also has been omitted in general, as that of the various
groups in the USA and elsevhere, It may be said that this is a foundation for others to build upon,

Kany snippets of information are come across by the process of serendipity, and should the reader locate
some iten thus, make a note of it immediately to avoid needless searching for it later, Good luck, like
lightning, very rarely strikes twice in the same place; reiavant facts are often found 1n the sest unlike-
list of places, Who would have thought that a latter on the first electrical turret clock fitted would
have been found in Loughton Church, Essex; or a letter from someone whose father actually looked after one
of the earliest of these, would have been found in an obscure Essex journal, wriiten when he was in his
nineties?

English electrical horologists may have been misled by the writings of Frank Hope-Jones into thinking that
electrical horology acquired respectability mainly through English efforts, in particular his own, Without
belittling him, it is fair to say thal the progress of electrical horoiogy was largely initiated by others,
few of whom had his entrepreneurial astuteness or the ability to express themselves as tlearly and concise-
ly, The comparison of Languan and Ball's £lecérical Horology with Hope-jones' Elsctrical Clocks s suff-
icient to demonstrate this, yet the formwer were far more inventive and aid not require the assistance of
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outsiders to inject improvements into tneir systems, Yost of us have acquired & working knowledge of elec-
trical horology via the writings of Frank Hope-Jones, and had he only been more tolerant of the inventions
of others, and included all the relevant history of the developaents in electrital horology, his book vould
have continued to be the "Bible* for electrical horologists all over the vorld, Those whose designs were
comparable with those of the Synchronose sysiem were either ignored or dismissed, whilst tne vast bulk of
the Continental work lay all undiscovered before him, containing many practical applications anticipating
those of Hope-Jones by many years, The earliest applications of electricity to horology were tompletely
ignored, eg that of Sir Francis Ronalds, Professor Ramis and others,

The author is pleased to see that others are taking up the passive task of collating information on elect-
rical horology, The recent three-part article by Derek Bird in Antiguarian Horology on the *Pulsynetic
Systea® is a very valuable contribution to our knowledge, His observation that Parsons and Ball were the
real innovators of the electrically reset gravity remontoir impulsing the pendulum, coincides with the per-
sonal views of the writer arrived at over a long period of time, Yet in spite of writing on electrical
horology long before Hope-Jones began his writing career with his series of articles 1n the Practical Walch
and Clock Maker, they did not have as much impact on the contenporary horological scene; nor did they
assert thenselves anything like so forcibly as the redoubtable Frank Hope-Jones,

Ve therefore have the long task of gathering information and reassessing the history of electrical horology
in the light of the results of a new re-examinaiion of the salient facts, unbiased by personal pride and
prejudice; guided merely by a desire to derive a true history of electrical horology without placing indiv-
idual technical merit on a pinnacle and ignoring the lesser endeavours of other workers which often served
the purpose of clearly demonstrating that certain lines of approach were totally unprofitable, We often
learn nore fron our mistakes than from our facile achievements,

Conplenentary to this listing is a similar listing of books on electrical horology and those connected with
it, for example early batteries, This has at present over two hundred entries aione and is still being
enlarged, A few works vill therefore be found conmon to both listings, in general the present list concen-
trates on spaterial rather than books on electrical horology, There is also the earlier listing of
electrical horology patents - A Farergon of Electrical Horology, Eleciric Clocks Patents for the period
1840-1300, by the present author, now out of print; with similar unpublished listings of Swiss and French
Patents, Thus there is a very large area of information to be searched and later collated, analyzed and
prepared for recording before a correct view of ithe history of electrical horology can be obtained, In
particular the events in Continental countries and the States need to be wore tlosely scrutinizad although
progress in these areas seess to have been largely independent through ignorance of development work
glsewhere,

There have been, following the first British example, the formation of several groups on the Continent and
in the States devoted to the collecting of examples of electrical horology and in pursuing iis history,
There is no doubt that the largest amount of material on electrical horology is to be found in Europe,
since it vas treated seriously there from the beginning, with craftsmen of the calibre of Breguet and hipp
being interested in electrical clocks and not, as in England, ignored by msost clockmakers and left to elec-
tricians, The unvarnished truth is that the majority of English clockeakers were not able to cone to terms
vith electrical natters, and the majority of electricians aid not understand the basic principles of horol-
ogy. The material listed here clearly demonsirates the struggle to attain perfection of tinekeeping by the
use of electricity as a motive force applied to what were basicaily mechanical clocks, and iis unique
application in the distribution of time as first envisaged by that great pioneer, Alexander Bain,

The author will be pleased to hear from anyone with details of material not included in the present listing
since it is too large a task for any single person to examine all the relevant literature, Details of con-
teaporary commercial leaflets, letters between suppliers and customers, or personal correspondence woule be
especially welcone, Those who are looking for areas in which to search might start vith the records kept
by the Royal Greenwich Observatory, The personal files of ¥ Hamilion-Shortt are also deposited here and
have never besn examined by a competetent electrical horologist, Conplete runs of horolegical jourmals
vould provide another fruitful source of relevant information, including contenporary advertising,

It would have been far preferable to publish this work in proper book fors, with the support of appropriate

t1lustrations, however it is not a commercially viable proposition, Mor does the Antiquarian Horoiegical
Society publish the results of original research as laid down in its Memorandun of Assoriation, The autnor
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has so far received I1ttle encouragement with private publication, eacn work so far has left min out of
pocket, without taking into account the expense of producing the master copy, and the enormous amount of
time involved in the preparation of the data and the indexes, However knowledge gained is of little use
unless it is spread amongst those to whom it is of interest, and the author has seen too many piles of
paper, which their treators fondly hoped one day would crystallize into beautiful and useful treatises, but
vhich in reality gently msouldered into obscurity without ever seeing the light of day, Having helped sany
to achieve the ultimate goal of having their work published in the past at the expense of his oun, the
author now feels tompelled to record some of his before Anno Domini dictates otherwise,

It has taken sany years to acquire the literature included here, most items are very scarce because so
little iwportance was placed on them when current, What is worse, there is no central source which may be
consuited by those seeking information, electrical horological history has not been taken seriously until
recently, Up to a cecade or so ago, most horolegists treated electrical clocks as a joke, an hilarious
extension to the real horology of the master craftsmen, Now electric horology has advanced se such as to
place mechanical horology firaly into the history book, the little remaining siruggling to survive against
the threat of total anmihilation, The sneers and denigration of the opponents of elecirical tinekeeping
vere not enough to prevent the steady advances built on the experience of the early electrical horologists
vorking under tremendous handicaps, until fimally there came the day wnhen electrical horology wrested the
accurate timekeeping of the world froa mechanical clocks for ever,

uch ingenuity is evident in the design of electric clocks, possibly such of it misplaced, for the great
najority of electric clocks fron 1840 onwards were based on the simple principle tnat a soft iron core
becones sirongly magnetised when a coil of wire around it carries an electric current, and can attract a
soft iron aranature with considerable force, yet reiease it almost instantly when the current is cut off,
It is one of the simplest ways of transforming electrical emergy into the small amounts of motive power
required to energise a clock, and most convenient to those whose abilities did not stretch to producing the
fine mechanical irains capable of doing the same, Yet the majority of electric clocks were really mechan-
ical clocks, including the Free Pendulum devised by U H Shortt, and that is why the Continental examples
are generally superior in quality of workmanship to those made in England, they were made by clockmakers
who learnt how to undersiand electricity, not by electricians trying to make clocks, Possibly the attitude
of clockmakers on the Continent played a large part, they regardec electrical clocks as just an extension
of their trade, not as in Britain where clockmakers were vioiently opposed to their introduction; so the
fields of endeavour in different areas diverged, Strangely emough the most successful battery eiectric
clock of all, the Bulle, vas a miniature version of the original design of Alexander Bain, it soid in the
hundreds of thousands, and was developed in France,

IY is hoped that this essay, imperfect though it may be, will be of service in saving auch time for those
who carry out research in the future,

Charles X Aked, Novenber 1987
CHRONOLOGICAL AND NAME INDEXES

NOTE: In the Indexes following the main work, the figures given refer to
the number against each entry in the main listing, these being printed in
italics in the Chromological Index in order to ditferentiate them from the
uprignt figures of the years in whica they are grouped.






A MILLENARY OF ELECTRICAL HOROLOGY REFERENCES

|, Tiwe in Broadcasting, 16 pp, 4 figs, Souvenir booklet prepared by BBC for BHI Centemary October 1958
- Pendulum to Atom Exhibition, (Visited this persomally 23 October 1958, Prince Philip also there),

2, "'T,A,C, Electrical Time Service in Industry®, S J Smith FBHI, pp 12, 25 figs, Lecture on THC Elect-
rical Clock Systeas to BHI Meeting 7th November 1946,

3. Instructions for the Installation and Maintenance of Gent of Leicester Pul-syn-etic Controlled Electric
Clock System, pp 12, 8 figs, Circa 1965,

4, “Making an Electric Tine Transmitter and Dial Mechanisn®, Charles Blazdell, pp 10, 1} figs, Published
in three paris in the Aodel Engineer, 5 and 19 April 1968, and 3 May 1968,

§, “"The Quartz Clock®, L Essen, pp 12, § figs, Talk given to The Royal Astronomical Society, 8 April
1938, at Burlington House, Reprint from Jccasional Notes, No 1, June 1938,

6, A NF Venner Catalogue of Process Timers, Many pages and illustrations, Published 1972,
7, Small Synchronous Motors Leaflets, Ispex Electrical Limited, Published 1972,

8, ‘“Electric Time Service", F Hope-Jones, pp 17-29, 14 illustrations, including portrait of author in
1901, Article in Fielden's Magazine, Volume 5, No 1, July 1901, (One of his first published articles),

9, Electrical Time Service, F Hope-Jones, pp 23, 5 figs, Read before Institution of Electrical Engin-
eers, Thursday, 14 Deceaber 1901,

10, Electric Clocks, F Hope-Jones, pp 24, 156 figs, ‘“The Electrician® Primer Section no 79, Circa 1904,

W1, Nodern Electric Time Service, F Hope-Jones, pp 67, 32 figs, Read before Institution of Electrical
Engineers, 17 February 1910, and avarded a premium, Printed and published at 6d per copy by IEE,

12, Electric Clocks, F Hope-Jones, pp 16, 12 figs, Rewritten 1914, *The Electrician® Primer No 79,
13, Electrical Impulse Dials, F Hope-Jones, pp 12, 8 figs, 1914, °"The Electrician® Primer no 79,

14, Electric Time Service, F Hope-Jones, pp 16, 13 illustrations, Catalogue of Synchronome Clocks issued
about 1915 when the firm was at 32 and 34 Clerkenwell Road, London EC,

IS, The Synchronose Catalogue, pp 8, 12 figs, Published in 1930's,

16, Synchronome Electrical Impuise Clocks, Catalogue E,1, 35, published March 1939, Abbey Electric Vorks,
Hount Pleasant, Alperton, Middlesex, Profusely illustrated,

17, The Greenvich Observatory Free Pendulum Clocks, pp 4, (Sidereal clocks No's 3 and 11, Mean Time tlocks
No's 16 and 49). Hemorandum published by Synchronome March 1935,

18, Letter dated 24 June 1975 to Editor of Antiguarian Horology from Dr D M A Mercer, with copies of mater-
ial in connection with the installation of a Synchronome electric clock in the Physics Department of South-
ampton University, Copy of letter from F Hope-Jones dated 17 April 1925, Papers now al Hurstmonceux,

19, Silent Electric Clocks, pp 7, 17 figs, Leaflet published in 1910's, (School Installations),

20, *A Clock of Precision", C O Bartrum, pp 120-149, 13 figs, Paper read to the Physical Society of
London and published in their Proreedings, Volume 29, Part 2, 15 February 1917,



21, "On Inprovements in Astronomical Clocks®, David 6ill, Read at the Sheffield Meeting of the Soriety for
the Advancement of Science in 1879 and published in their Report of 1880, pp 56-61, 6 figs,

22, The *Synchronome® Asironomical Regulator, 4 pp, 2 figs, Description of W H Shortt's Inertia Escapement
astronomical regulator, Published 16 January 1912, (If was a failure in practice),

23, On Horological Telegraphy, etr, J A Lund, 19pp, 2 figs, 1876,  Reprinted article from the #atch-
paker and Jeweller, This outline's J A Lund's method of distributing time and the hourly correction of
tlocks by an electric current, then a popular method of synchronizing a large nuaber of clocks,

24, The Correction of Clocks by Hourly Currents of Electricity, F J Ritchie, 15 pp, 3 figs, Paper read
before the Royal Scottish Society of Arts, Edinburgh, 11 March 1878, A excellent electrical horologist,

5. Nouveawtés en Electro-Chronometrie, A Vaelti, 24 pp, 10 figs, Bienne, 1921, Mainly about the nev
electrically impulsed precision pendulum of § A Favarger et Cie, invented by J Abegglen and A Vaelti, (New
inprovesents in Electro-Chronometry), French text,

26, Prospectus of the Kemnedy Electric Clock Company, 14 pp, 1 fig, Electric Clock patented 3 December
1867 under the title of Kemnedy Electric Clock, (Exact copy of Alexander Bain's clock), The clock is
illustrated in an engraving which shows the sliding contact bridge and solenoids on each side of the beb,
The prospectus is dated 1869, the address 482 (corrected from 481) Broadvay, New York,

27, *A Novel Electrit Clock®, Article in The Mode! Engineer and Amateur Electrician, 15 November 1902, page
233, A description of the operating mechanism of the electric clock invented by Oscar A En Hole, Patented
17 May 1901 - this shows the winding mechanism only - mercury svitch tilted by arm on weight rod,

28, Precision des Garde-Tenps piézo-électriques et des Pendules astronomiques, Paul Dittisheim, Followed by
Description of a Barde-Teaps contrdlé au moyen de quariz piéro-électriques, M Armand de Gramont, 25 pp 15
figs; plus 7 pp, 4 figs, Printed fron Annales franpaises de Chronométrie, last quarter 1936, 1st and 2nd
quarter 1937, Published Besangon 1937, (Accuracy of piezo-eleciric timekeepers and astronomical clotks),
and (Description of a timekeeper controlled by means of piezo-electric quartz), French text,

29, Leaflets, dated December 1978, describing the Junghans Ato-Mat movement 736, the Scholer high frequency
quartz movesent ¥ 82, Electronit battery pendulus movement ¥ 72, and the electronic batiery movenent ¥ 71,

30, Instructions for Erection and Manageaent of *Synchronome® Electric Tiwe Circuits, F Hope-Jones, 8 pp, 3
figs, Circa 1920's,

31, Frequency Neasurement in Electrical Comsunication, J N Horton, N H Ricker and W A Marrison, 33 pp, 16
figs, Paper presented at Convention of AIEE, June 1923, published by Western Electric Co, June 1924,

32, Vacowm Tube Oscillators, J W Horton, 17 pp, 8 figs, Western Electric reprint B-88-1 dated August
1924, reprinted fron Bell System Technical Journal, Volume I11, no 3, July 1324,

33, *A swing tovards understanding electrical machine instability®, I E D Pickup and A P Russell, Article
in Electrical Review, Vol 203, No 15, 20 October 1975, pp 62-3, (Electrically maintained pendulua),

34, *The Amateur Scientist®, Vannevar Bush and John Early Jackson, Article in Jhe Scientific American, Vol
203, No's | and 2, July and August 1960, pp 165-166, 168, 170, 172, 174, 176; and pp 158-159, 162, 164, 166,
168, Twin pendulum clock with photoeleciric sensing, Ingenious but waste of time,

35, "The 'ATD' Battery Electric Clock®, John D I Locke, pp 3, 15 figs, This was reporied in Antiguarian
Horology, Vol 12, No 6, pp 660-1, June 1981, Lecture given at Memorial Hall, Uffington, 4 fpril 1981,

36, Elektriciteten, 1 Bind, Section on *Elektriscke Uhr*, pp 121-131, 6 figs, 1910, (Electric clocks),
Simple treataent of subject and shovs little nev material, Norvegian text,

O



7

37, L'Observatoire Royal de Greenwich 1675-1925, Paul Ditisheim, pp 24 , 16 figs, Extract from the
Bulletin de la Société Astronoaique de France, December 1925, Commemoration of 250th year of foundation,
vigit of King George V of England, 23 July 1925, French text,

38, Chronographe Imprimant Electrique ,,, Henri Chrétien and Paul Ditisheim, pp 25, 6 figs, Extract from
Annales Franpaises de Chronmometrie 1o trimestre 1933, Chronograph measuring and printing the time to 1/100
of a second, Pages 12-25 give a supplementary appendix dated Nice, Deceaber 1914, French text,

39, The Nagneta Tiae Recorder and Job Coster, pp 2, 2 figs, June 1944, (Goblin Works, Leatherhead),

40, "Some racent developments in Electrical Clocks®, Major C E Prince, 12 pp reprint, 13 figs, from Jhe
Horological Journal of Decenber 1924 and January 1925, Lecture given to the British Horlogical linstitute,
London, 19 Novesber 1924, 6Gives full details of the "Princeps" system,

41, "Agreenent for manufacturing Observatory Clocks ,,." Contract dated 19 Dctober 1923 for Thomas Mercer
of St Albans and E T Cottingham of Thrapston for Mercer's to have sole manufacturing and selling rights,

42, T.N.C, Tise Difference Indicator, V¥ H Poole & S J Smith, pp 8, 4 figs, Reprint from the I ¥.C,
Technical Jowrnal, Vol 3, No 1, Describes an instrument for indicating the time difference between two
systems, generally an accurate standard and a nominal frequency power source, Circa 1950,

43, "The Shortt Clocks at the Royal Observatory, Greenvich®, J Jackson and ¥ Bowyer, pp 17, 2 figs and
nany tables, Reprint of Monthly Notices of the Royal Astromomical Society, Vol LXXXVIII, No 5, March 1928,

A4, Introduction of New Time System and Nodification to BBC 6-Pips Signal, pp 3, Changes caused by the
introduction of the Atonic Time Scale, endorsed by the 14th General Conferenc of Weights and Measures, held
Paris, October 1971, Date of leaflet 17 December 1971, Introduction of Leap Seconds,

45, "Personality Profile®, H E (Bill) Jones MBE, An outline of Bill Jones who vorked for Frank Hope-Jones,
Extract from the Newspaper of the Bath and Portland 6roup - Group News Vol 1, No 3, March 1964,

46, "Some Converters of Oscillation into Rotation®, Cecil F Clifford, pp 8, 3 figs, May 1969,

47, "The Electric Watch, a future probles for the repairer!®, L Defossez, pp 10, 5 figs, Written at a
time when there was no transistor switched watch, Circa 1950's,

48, A Further Application of the "Synchronowe® Systew of Electric Time-Service, SELF-WOUND CLOCKS, F Hope-
Jones, pp 8, 5 figs, Published circa 1900, just after the departure of € B Bowell,

49, "New Quartz Clock®, News item in Institution of Electrical Engineering News, | February 1968, The
Cristaline clock, accurate to 2 x 1072 between 15-25°C, Acts as master clock with polarised 12v impulses,

50, "Nothing New - Electric Clocks", Letter in Design and Components in Emgineering, writien by A E Bowyer-
Love, refuting that R J Rudd invented the Synchronome principle in 1898, (Rightly so!),

51, “Development of Vatch Batteries*, Item in Flectrical Review dated 13 January 1967, Indiue-Bismuth
Cells for electric vatches,

52, "Stable gated clock pulse generator®, ODescribed in "The Norris Coluan®, using the then nev monostable
SN7421N, manufactured by Texas Instruments,

53, “"Shipton Crystal Drive Chrononeter®, Available in three models with accuracy better than 2 parts in
105, Quartz crystal of 2048 Hz housed in oven, Made by Shipton Electronics, Hemel Hempsiead, Herts,

54, "A Few Examples of Outdoor Clocks®, A single leaf pamphlet issued by the Silent Electric Clock Comp-
any, 192 Goswell Street, Clerkenwvell, London, It shows four exterior dial arrangements and other items,
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55, Letter dated 23 February 1976 from Ferranti, detailing some of the electric clock items available in
Ferranti museun, also correspondence and catalogues, for possible display in Science Museum Exhibtion 1976,

0

56, "Notes on 'A Battery-Driven Electric Clock' *, C R Jones, Article in the Nodel Engineer, for 6 July
1950, Deals with the probleas involved with an electric clock design described in the issues of # £ for 16
January, 2, 9, 16, 23 February 1950 issues; mainly the mal-operation of the Hipp Toggle switch,

57, The Electrical Engineering Index, VYears 1951-1970, The Clocks section gives details of some of the
developaents in the years of issue, of some interest bui very sparse details,

58, Royal Society Index 1800-1900, References to early Electroscopes, Galvonometers, Ammeters, Voltmeiers,
Electric Balances, Eleciric Meters (Power Measurement), Electrodynamometers,

59, Letter from Institution of Electrical Engineers dated 20 March 1970, Gives two references of F Hope-
Jones' contributions, plus 9 other contributors in the Index to the Proceedings of the IEE, Volumes 29-115,

60, Photocopy of pages 356-7 of NAWCC Aulletin, Volume VIII, No 7, Whole Number 77, December 1958, Illus-
trates example of Valter J Dudley's Independent Electric Clock, Patent No 447105, 20 February 1891; and
465,655, 22 Decenber 1891, Wall clock design, vorked by dry cells, one of the earliest of its type known,

61, "Directions for the Management of the (Patent) Automatic Memorandum Clock®, Copied from Davidson Memor-
andum Clock in possession of ¥ A Gravat, | Clock House, Forty Hill, Enfield, Middlesex, 18 Novenber 1972,

62, The Illustrated London News, © February 1851, page 104, "Shepherd's Electric Clock for the Great Exhi-
bition Building®, Description, with three illustrations, Dial and Hands, Pendulum, and Secondary Clock,
Contains information on Bain's clocks, Copied from Robert Foulkes' copy,

63, "Properties of the Magick Alarm®, Copied from an MSS in the Cumming's Folio in the Guildhall Library,
No date is given but it aust be in the 1770's, Not absolutely certain it refers to electric shock, /":)

64, "Synchronome Master Clock", Charles K Aked, Article written 20 January 1973 for the Electrical Horo-
logy Group, later printed in the Horologicral Journal, Details of installation and maintenance,

65, English Clock Systems Digital Clocks Leaflet and Price List, Models B,T, 6,30 and Model B.T, 6,59,

66, "William Hamilton Shortt", Henry Marcoolyn, Obituary in Antiguarian Horology, March 1971, page 236,

67, Elrenco Elapsed Time Indicators and Dial Timers, List Number 800 and enclosures of many types, 1971,
68, Dual MOS Clock Driver, 15013 monolithic dual driver, (Integrated circuit), Data sheets and circuits,
69, Brasil Relojoeiro £ Joalheire, Index of electric clock articles for Dctober and November 1968,

70, Electrical Installation Details for Tower Clocks, Leaflet concerned with installation of 240 volt
supply to a tower clock including hour strike and quarter strike driven by electric motors, Poor insir-

uctions preceding introduction of 13 A circuits, Date not known (circa 1960's), Smith's of Derby,

7, "Quartz Crystal Clocks®, Dr K Smith, Mode! Engineer, 17 August to 5 October 1973, Constructional
details on how to make a quartz crystal controlled clock using a standard synchronous clock motor,

72, "The Anateur Scientist®, A venerable clock is made highly accurate by equipping it with quartz-crystal
vorks, 7he American Scientist, 10 April 1974, pages 192-198, (Synchronization of pendulum swing), Heresy,

73, "Inventor of the Electric Clock - Alexander Bain, Vatten,®, Charles K Aked, Article published in John gu
0'6roat Weekly at Vick, Page 5 of 19 January 1973 issue, includes illustrations from Bain's book, Complete ( /)
newspaper containing article, held in Bain file, -
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14, "Electronic Vatches®, Announceaent by Solidev Lid of range of quartz-controlled electronic watches with
Time and Date indications by LED display, Electronic Components, 28 Sepiember 1973, page 763,

15, "Electronics for Vatches: Packages get Smaller", News Scope, Electromic Design, 11 August 1973, page
19, Introduction of field-effect liquid crystal displays developed by Gruen Watch Company, USA,

16, Illustrations of Synchronous Clocks, Three photocopied sheets, Synclock, Grimshaw and Baxier examples,

17, “Alexander Bain 1610-1877, Inventor of the Electric Clock®, pp 4, | fig, Circa 1950, Glasgow, A
pamphlet issued by the Hunterian Museum of the University of Glasgow in reference to the Bain electric clock
presented to the University in 1936, Written by a non-horologist, but contains some useful facts,

18, Electric Clocks, pp 6, 6 figs, including portrait of William Sturgeon, Description of Steuart's System
of continuous motion elactric motor impulsed pendulum, manufactured by Thomas Mercer, Patent No 202139
dated 14 July 1922, (Fev of these have survived, the poor quality cast base plate vas easily damaged),

19, "The Steuart Patent Electric Clock - Observatory Model®, pp 2, 1 fig, Description of the clock made
by Messrs, J & D Meek, Edinburgh, Photocopy of an article written by Mr Week for The Scottish Jeweller,
1925, Note the pendulum swings on a steel knife edge supported on an agate bed, See previous entry,

80, Letter sent to H Otto by Alexander Steuart discussing possible sales of the Steuart silent continuous
notion electric clock in Europe and America, dated 6 October 1925, Mention of Meek's latest clock, also
possibility of making up the Steuart clock very cheaply, although Mr Mercer is not making a cheap model,

81, *The Fedchenko Clock®, Myron Pleasure, Horological Journal, September 1973, pp 3, 4, 7, and 55, Des-
tribes isochronous suspension and impulsing system in some detail, Eulogistic reporting,

82, Hoeft-Moller Electric Clocks, Photocopy of all relevant patent summaries on one page, An oscillating
armature rewvinds a spring to drive a mechanical train, Early 1900's,

83, “Piezoelectric Crystals and Devites®, pp 44-54, 9 figs, Electronic Design 17, 16 August 1973, Char-
acteristics of quartz crystals, and list of suppliers,

84, "Swiss Time - World Time®, pp 14, Trade pamphlet, Circa late 1950's, Illustrates one of the first
‘Electronic Watches' - a battery povered tuning fork watch in skeleton form, also a quartz crystal chrono-
seter, Written just as the stora was about to break over mechanical watth makers,

85, "Atomic Clocks®, Harold Lyons, Reprint from Scientific American for February 1957, pp 14, 18 figs,
Describes the Ammonia Atomic clock, briefly mentions the Rubidium and Caesium Atomic clocks, 6ives some
bibliographical references,

86, “The First Electric Clock®, W A Marrison, pp 6, 3 figs, Reprinted from the Procedings of the Eng-
ineering Society Vol 29, 1940, Queens University, Kingston, Ontario, Canada, A well written short essay to
comnenorate the 100th anniversary of Alexander Bain's electric clock,

87, List of additional photographs of Electric Clocks in Science Wuseun Collection, V Chew, pp |, Circa
1975, 14 clocks including examples of T A Brown's synchronous clocks with balance and pendulun control,
Very tomplicated and unnecessarily expensive clocks as a result, completely unconmercial,

88, "The 'Silent' Electric Clock®, pp 1, 3 figs, Reprint from the Flectrical Reviev, 4 February 1910,
Hipp toggle controlled master pendulum, permanent magnet locked armature for slave dials, Mentions recent
sove to 192 Gosvell Road, and a previous article in the 3 August 1906 issue,

89, A Hipp Clock with a Half-Seconds Pendulun®, H E Jones (F Hope-Jones's mechanic), pp 7, 6 figs,
Rafers mistakenly to Hipp toggle as 'Butterfly® escapement, Extracted from £lecéric Clocks edited by Frank
Hope-Jones,
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90, Letter dated 4 Noveaber 1974 from Zentralantiquariat der DDR offering elecirical horology books,
including A Favarger, 1924, and V V Trojanovskij, Elekériceskie casy, 2nd ed, 1952, Purchased two of the
books offered,

91, Diagram of Lownes of Catford Master electric clock taken from patent, 6 figs showing the most compli-
cated arrangenent of all electric master clocks, yet these are extraordinarily reliable in use, 1901,

92, Letter, dated 3 November 1974, from Wharton Electronics, Huddersfield, offering Electronic Digital Stop
Vatch at a special price of £39,95, Vith explanatory leaflet,

93, The Practical Watch and Clock Maker, 15 March 1929 to 15 September 1930, *Electrical Horology" by
Frank Hope-Jones in 31 parts, the material for his book Elecéric Clocks, 1931,

94, °A 'Free Pendulun' Clock for ALl®, F Hope-Jomes, pp 2, 2 figs, Article vith two practical designs
in The Fractical Watch and Clock Maker for 15 November 1930, Uses magmetic contatting to release a gravity
arm on o the pallet of a 'free' pendulum, Useful analysis of losses in the system,

95, Design Electronics, Volume 7, No 10, July 1970, Contains a number of ariicles under the heading of
*The Tise Machines®,

96, “Modern Developments in Timekeeping", A course in the development of electric clocks, given by Or J
Veaver at the City University in 1975, Attended with M C Aiser, Complete set of course notes,

97, “Chrononetron Quartz CQ 2001*, pp 20, 22 figs, some in colour, Gebr, Staiger Clock Factory, 7742 St,
Georgen (Black Forest), Very well produced booklet, excellent descriptions,

98, Instructions for the Servicing of Junghans Ato-Nat Novement 707, pp 8, 4 figs, March 1969, Explan-
ations in English, French and Spanish, 6ebr, Junghans 6abH, Uhrenfabriken, 7230 Schramberg, Geraany,

99, Dehl Resonic High Frequency Movesent 870, pp 4, 4 figs, Dehl Uhrenfabrik, 8500 Nurnberg, Bahnhof-
splatz 6, Germany, Published 1973,

100, Technical Data for Movenent AN 870, Tuning-fork electronit clock movement, pp 2, Dehl Resonic,

101, "6ent & Co Limited, Faraday Works, Leicester®, Short History of firm from 1872 to celebrate Centenary
year of founding of firm in 1872, pp 3, (Typewritten sheets),

102, “The B,P, Systen" of Fatent Silent Electric Impulse Clocks and Turret Clocks ,,, pp 40, Numerous
figures, Comprehensive catalogue, dated October 1909, issued by Gent & Co, Lid, Faraday Vorks, Leicester,
A very informative publication, including details of ‘Vaiting Train' clock systes,

103, Almost similar catalogue to Entry No 102 but pp 42 and dated 11 April 1911,

104, Controlled Electric Clock Systems, Catalogue issued by Gent of Leicester, pp 30, 34 figs in colour,
Covers 'Chronopher' system, 'Pulsynetic' system, Current Supply equipwent, Wall, Insertion and Suspension
tlocks, also Time Recorders, Circa 1972, All production ceased after a fev more years,

105, "The New Electric Pendulum and Balance-Wheel Clocks®, Photocopy of article in Horological Journal for
Decenber 1910, pages 56-58, Electric clocks manufactured by the Reason Manufacturing Company Ltd at
Brighton, to Murday's patents, Editor correctly points out mistaken view of conmpensation, this error is
repeated by F Hope-Jones in his lecture to the Institution of Electrical Engineers, 17 February 1910,

106, *The Clinker Non-Synchronous Electric Clock®, C A Mason, Short paper read before South Midland Sect-
jon of IEE, 14 March 1933, A clock based on the work of the late R C Clinker, Printed in the Students
Journal of the 1EE, pp 163-5, The pendulum tarries a soft iron armature swinging over an electromagnet
vhose vindings carry alternating current, the detuning of the tircuit results in an inpulse to the pendulue,
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107, “Appointment Clock with Electric Alarm®, Note prepared for exhibition of clock at AHS visit to
Liverpool in 1970, (The Davidson Automatic Memoranum Clock - see entry no 61),

108, “"Electro-Pneumatic Clock System', pp 2, Typewritten note by Charles K Aked on the ‘Elektronon’ systes
developed by Junghans A 6 of Schramberg, Germany, made in the 1930's, Electrically heated compressor lamp
used to revind master clock and operate slave dials through tubing, (Very few examples remaining today),

109, “Precision Timekeeping with special reference to the new Inertia Escapement now being introduced in the
‘Synchronome’ Astronomical Regulator®, W H Shortt, Paper read before British Horological Institution on 16
January 1912, Reprinted from Horological Journal by The Synchronome Company Lid, pp 16, 10 figs,

110, Pack of catalogues and leaflets presented by Clifford Horstmann on visit to Works 14 June 1980, - These
tover all aspects of the Horstmann Company's developments in timers, gas pistols, History of Horstmann's in
the Gas Industry, F 6 A Horsteann's Patent for winding clocks, also subsidiary company of Aish,

111, "Description of the Galvanic Chronographic Apparatus of the Royal Observatory, Greenwich®, Forming the
Appendix to The Greenwich Observations, 1856, pp xxi, 8 Plates (total of 20 figs), Published 1857, This
vas in the Bibliothéque Observatoire de Neuchitel, Full description of the chromographit apparatus then
enployed at Greenvich Observatory, (This extract was a very expensive acquisition),

112, “Tempex Time Machines®, Leaflet T,C, 201 issued 17 February 1933 for Battery operated models Type
P.101 and N,202, (Tempex version of Bulle clock); and A,C, Mains Model Type AC 303, User leaflet only,

113, How to Start a Bulle, Two-page leaflet issued by Bulle Producis Ltd, Bulle House, 167 Clapham Road,
London §.¥.9, Instructions to user on how to prepare clock for starting and getting to run correctly, both
for Battery and A,C, Mains-Operated Models for 200/250 volts 50 cycles,

114, The Atomic Clock, Single page handout at National Physical Laboratory Dpen Day, October 1958, Brief
outline of principle of operation of caesium bean clock,

115, "The Relation Between Rate and Arc for a Free Pendulun*, E C Atkinson, Paper read to Jhe Physical
Society, 20 March 1936, pp 7, 3 figs, Together with *On Airy's Disturbance Integrals and Knife-Edge
Supports for Penduluns®, and the discussions on the previous two papers, pp 2+ 5, 1+ 1 figs, Reprinted
from the Proceedings of the Physical Society, Vol 48, p 606, 1936, Mainly about circular error,

116, *The Dissipation of Energy by a Pendulus swinging in Air, and The Amplitude Deviation of Rate of a
Pendulun: a Second Experinent®, E C Atkinson, Paper read to 7he Physical Sociely, 24 Jume 1938, pp 36, 7
figs (in total), Reprinted from the Proceedings of the Physical Society, Vol 50, p 721, 1938,

117, The Eleciric Telegraph No 4, pp 4, 15 figs, Published by Electro-Products 3 M, October 1973, A
light-hearted look at some of the early events in electrical history, ’

118, Catalogue of Books and FPapers relating to Electricity, Nagnetism, The Electric Telegraph, &, includ-
Ing The Ronalds Library, Coapiled by Sir Francis Ronalds FRS, edited by Alfred J Frost, 1880, Photocopy
of pp i-xxvii, and 32-33, 132-3, 418-9, 438-9, 484-5, 510-11, §52-6, Collection in Institution of Elect-
rital Engineers, bul catalogue published by Society of Telegraph Engineers which later adopted the present
title of Institution of Electrical Engineers, (Bust and portrait of Ronalds in IEE headquarters),

119, "A Millisecond Timing Unit®, J E Haworth, Photocopy of article in Jhe Fost Office Engineers Journal,
Vol 45, Part |, pp 25-29, 9 figs, Valve operated counter with 2 kilohertz oscillator,

120, *Heating Programmer doubles as a Clock®, Enginmeering Naterials and Design, November 1973, pp 37-9 +
front cover illustrating dismantled device, Coloured illustration plus set of figures,

121, The Standard Time High Grade Electric Clocks, pp 16, 19 figs, ¢ 1920's, London, Catalogue supplied
by the Standard Time Co Lid, 19-21 Queen Victoria Street, London EC, Shows complete range of tlocks made,

LG



122, The Synchromous Wotor Electric Clock, Edwin A Pringle, Photocopy of booklet issued by Robert Pringle
and Sons (London) Ltd, being reprinted from article in 7he Fractical Watch and Clock Maker, 15 December
1931, pp 8, No figs, Good explanation of operation and correct forecast of events,

123, "The Meridian Electronic Vatch Computer®, Article in Horological Journal, September 1976, pp 10-12,
Description of watch timer and principle of operation written by Charles K Aked.

124, "Alexander Bain - A Commemorative Exhibition®, Charles K Aked, Aorological Journal, January 1977,
page 7, Notice of the exhibition initiated by Charles K Aked then being held at the Science Museun, London,

125, "Electrifying Time®, Charles K Aked, Horological Journal, February 1977, pp 25-27, An outline of the
electric clock exhibition then in progress at the Science Museum, London,

126, *Casio Computer Quartz CQ1®, Charles K Aked, Horological Journal, June 1977, p 31,

127, "Horologists and Statir Electricity®, Charles K Aked, Horological Jowrnal, Part 1 in June 1977 issue
pp 39-41: Part 2 in July 1977 issue, pp 45-51, The earliest connections of time and electricity,

128, "Bazing into the Quartz Crystal®, Charles K Aked, Horological Journal, September 1977, pp 3-4, Look-
ing at the future development of quariz crystal watches, forecasis eclipse of mechanical timekeepers,

129, *Some Observations on the Eureka Clock®, Charles K Aked, AHerolegical Journal, September 1977, pp 44-
47, A definitive-article on the principles of operation of the Eureka clock,

130, "E J Parris's Rolling Ball Clocks®, Charles K Aked, Horological Journal, November 1977, pp 42-43,
Description of the principle of Parris's use of a steel ball as a slave to a master clock,

131, The Princeps Electrical Clock, Leaflet with pp 6, 4 figs, Not dated, ¢ 1920's, Shows Princeps
System and the Princeps Cottage System (this vas based on a much smaller size of master clock using a half-
seconds pendulum, A masier clock is stated to be able to run from one to one million slave clocks!

132, The Princeps Electrical Clock, ‘*Facile Princeps®, pp 19, 3 figs, ¢ 1920's, London, Tethnical des-
cription given pages 14-19, not very scientifically presented, intended rather to impress the purchaser,

133, Princeps Minor Electrical Clocks, pp 4, 6 clocks illustrated, Pamphlet issued by Prince's Elect-
rical Clocks Ltd, 173 New Bond Street, London W1, at the British Empire Exhibition held 1925 in the Palace
of Engineering, Avenue | & 2, Bay 5, Shows domestic clocks in contemporary wood ctases, these were less
expensive than the models made by other manufacturers but surprisingly reliable for flimsy constructions,

134, La Pendule Electrique de Precision de M, Hipp, A Hirsch, pp 16, 1891, Neuchitel, Second notice
connunicated to the Society of Natural Sciences of Neuchitel at the neeting of 28 May 1891, Report on the
performance of one of Hipp's electrically driven astronomical regulator from 1884 to 1891, French text,

135, Rapport sur la Narche des Horloges électriques de la Ville de Neuchdtel, pp 13, Large folding table
giving results of timing trials, 1867, Neuchdtel, An excellent account of the electric clocks installed
in Neuchdtel by M Hipp in 1865, French text, Translated into English by Charles K Aked and published in the
Clocks wagazine, Volume 6, No 3, September 1983, as "A Question of Reliability", pp 35-6 and 46,

136, "A Question of Reliability®, Charles K Aked, pp 35-36 and 46, | fig, Clocks, Vol 6, No 3, Septem-
ber 1983, Discussion on the electric clock system installed at Neuchatel by Matthaus Hipp in 1864,

137, *A Modified Form of Electrical Control for Driving Clocks®, Sir Howard Grubb, pp 3, 1 fig, Reprint
from 7he Scientific Proceedings of the Royal Dublin Society, Vol X1 (NS}, No 4, pages 34-6, September 1305,
Describes a modification of the author's system for controlling the speed of driving clocks for equatorial

. instrunents, read before the Insitute of Mechanical Engineers, Dublin in July 1888, Paper prepared from

this for publication in the Electrical Horology Group newsletter by Charles K Aked,
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138, The International Supervised Electric Time Systes, pp 12, 14 figs, Second edition 1934, London,
Reprint of an article published originally in Newne's Practical Electrical Engineering, The second edition
vas made necessary because of the addition of an *Impulse Accumulator® fitted to the Intermational master
tlock, these being mechanical tlocks of very good quality fitted with dead-beat escapenents, equipped vith
contacts having an assortment of arrangements for operating slave dial circuits,

139, Battery Clocks, Glenn A Marsh, pp 33, 19 figs, 1978, Published by National Assotiation of Watch
and Clock Collectors, Inc, Chapter 75, San Fernando Valley, California, USA, Covers the most popular elect-
tic clocks such as Eureka, Murday, Bulle, and Barr, Useful for the American electric clocks,

140, “The Free Pendulua®, F Hope-Jones, pp 15, 9 figs, Paper read at the Eighteenth Ordinary Meeting of
the Royal Society of Arts, 9 April 1924, Published in the Jowrmal of the Royal Society of Arts, 23 May
1924, Sir Frank Dyson, the Astromomer Royal, in the chair, A clear account of the invention of the free
pendulun by ¥ H Shortt, Hope-Jones' role in the development, if any, is not apparent,

141, Standard Time throughout the World, Prepared by Ralph E Gould (Chief of the Time Section), pp 18, 2
figs (maps), Issued 15 September 1932, Circular of the Bureau of Standards, Mo 399, Superseding Circular
280 issued in 1925, being a revised and enlarged version, Gives an historical sketch of the developaent of
the Standard Time System, maps shoving the Time Zone Boundaries, list of official stations transmitting tinme
signals, legal time in most foreign countries and comparisons with Greenwich mean tine and noon Eastern
Standard Time, A short list of publications is given pp 17-18,

142, *On the Electric Coluan and Aerial Electroscope®, J A De Luc, A two-part article published in 4
Journal of Natural Philosophy, Chemistry and The Arts, First part Vol KXVII, No 102, pp 81-99; second part
Yol XXVII, No 103, pp 162-174, October and November issues, 1810, The apparatus described was intended to
neasure the electrical state of the atmosphere by the effect of tenperature and humidity on the striking
rate of a pith ball pendulum atiracted and repelled by the voltage from a dry pile,

143, "On the Effects of Twenty Thousand Zinc and Silver Plates arranged as an Electric Column®, George J
Singer, Philosophical Journal (change of title from preceding), Vol XXVIII, No 114, pp 84-87, Details
experiments with piles containing one thousand elements connected in series and used to tharge Leyden jars,
Singer vas the best constructor of dry piles until Zamboni introduced his own versions,

144, °A magnetic tine interval splitter®, 2 W Meikson, Electrenic Components, 6 November 1973, pp 16-18,
Uses two magnetic cores in series, a bias circuit sets the nagnetic saturation levels and a square wave
voltage is applied to derive specific time intervals as required,

145, Alexander Bain of Watten, Robert P Gunn, pp 19, 3 Illustrations plus one on cover, Published by
Caithness Field Club, 1976, Information taken from articles by Charles K Aked,

146, The Lyttelton Time-Pall Station, pp 64, 52 illustration plus colour plate on cover, 1979, Published
by the Nev Zealand Historic Places Trust, Vellington, Nev Zealand, An account of the operation, history and
renovation of the time-ball station in the years 1970-1978,

147, Die Elektrischen Uhren, Achter Abschmitt, Photocopy pp 350-361, 6 figs: also pp 344-347 + 362-365,
from another edition, Circa 1890's, Page 365 has 29 references listed, German text,

148, Elektro-Nagnetisaus, Hanzer, Circa 1880, pp 136-147 and five plates (figs 83-103), German text,

149, "Der elektromagnesische Telegraph in den Hauptstadien seiner Entwickelung und in seiner gregwartigen
Ausbildung und Anwendung, nebst einem Anahange uber den Betrieb der Elektrishchen Uhren®, Dr H Schellen,
1867, Vieveg und Sohn, Reference to Professor Ramis's electric clock and Professor Steinheil's electric
clock, 1815 and 1838 respectively, German text,

150, “Electric Clocks for Collectors®, Charles K Aked, pp 50-52, § figs, Collectors 6uide, Vol 39, No 6,
January 1986, A brief introduction for beginners to the more cosmon types of electric clock available,

Q‘
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151, “Elektrische Tijdaanwijzing", Charles K Aked, pp 5. 15 figs, Clocks, April 1986, An outline of the
exhibition of electric clocks held at the Goud- Zilver- en Klokkenmuseum at Schoonhoven from 20 ODctober 1984
to 3 February 1985, Although the title is Dutch for ‘Electrical Timekeeping', the text is English,

152, *A Clockmaker's Electric Clock®, Charles K Aked, pp 3, 5 figs, Clocks, September 1986, Description
of the master electrically or mechanically driven clock used for impulsing slave dials from current closing
tontacts fitted on the escape wheel, It was evidently successful in practice,

153, *Coup d'Oeile Electric Clocks or Collectelectric®, Charles K Aked, pp 474-484, 17 figs, NAUCC
Bulletin, Whole No 245, December 1986, A short historical sketch of electrical timekeeping from 1770,

184, “Echces of the Synchronous Clock'; Charles K Aked, pp 26-30, 6 figs, Clocks, January 1987, A brief
survey of the beginnings of the synchronous clock and the reasons for its demise in the 1970's,

155, *The Balance-Wheel Clock®, Charles K Aked, pp 48-51, 3 figs, Clocks, Vol 1, No 8, February 1978,
History and description of the Murday clock made by the Reason Manufacturing Company, Brighton, Sussex,

156, *The Master and his Slaves*, Charles K Aked, pp 34-37, 8 figs, Clocks, Vol 4, No 11, May 1982, A
survey of the use of the slave tlock for indicating time and for relieving the master clock of all duties,

167, “Information please®, ‘Interface Reply' by Charles K Aked to question about a Smith's Clocks Ltd
synchronous clock in a lantern case, page 53, Clocks, Vol 5, No 1,

158, *Bulle Transistor Clocks®, ‘Interface reply' by Charles K Aked to question about Bulle tlocks, page
54, Clocks, Vol 5, No 1, July 1983, The reader vas under the impression thai transistors had been applied
to Bulle clocks but was really enquiring about Ato and Junghans,

159, "On from the Magick Alarm®, Charles K Aked, pp 34-37, 11 figs, Clocks, Vol 5, No 2, August 1983, A
sini-survey of the history of electrical horology from the earliest reference,

160, "Eureka Clocks®, ‘Interface Special Report' by Charles K Aked, pp 38-41 + p 49, 8 figs, Clocks, Vol
5, No 9, September 1983,  Details the operation, fault-finding and repair of Eureka clocks, Full page
colour illustration of M C Aimer's striking Eureka example, the unintentional publication of which caused a
rift between M C Aimer and Charles K Aked, although it had been published elsewhere several times,

161, "Bulle mantel clock®, ‘Interface reply' by Charles K Aked, pp 45-6, (locks, Volume 5, No 12, June
1983, Mainly concerned with the correct voltage to drive clock,

162, "A Matter of Momentun®, ‘'Interface reply' by Charles K Aked, p 64, Clocks, Vol 7, No 4, October
1984, Remedying the faults in a defective Synchronome master clock whith would run for a short time only,

163, “Eureka®, ‘Interface reply' by Charles K Aked, pp 61-2, C(locks, Vol 7, No §, November 1984, Details
of trouble-shooting with a Eureka clock in order to restore it to full vorking condition,

164, *Sailing Ship Clock®, ‘Interface reply' by Charles K Aked, pp 60-1, Clocks, Vol 7, No &, December
1984, Details of the 'Clipper Ship' Synchronous Clock which had a brief popularity after World Var II,

165, "Electronic textbooks®, ‘Interface reply' by Charles K Aked, p 64, Clocks, Vol 7, No 11, May 1985,
Short list of books to assist those interested in the technical details of quartz watches and clocks,

166, *Battery replacement®, ‘'Interface reply’ by Charles K Aked, p 64, Clocks, Vol 8, No 3, September
1985, Replacement battery for the Kundo transistorised eleciric clock, nome now nade,

167, "Small Synchronome®, ‘Interface reply' by Charles K Aked, p 61, Clocks, Yol 8, No 6, December 1985,
A Synchronose type electric clock with unusual pendulum driving system giving a long duration impulse to the
pendulua instead of the usual gravity ara and roller acting on the pendulum pallet,
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168, “Telavox", ‘Interface reply' by Charles K Aked, p 62, Clocks, Vol 8, No 6, December 1985, A Swedish
electric clock manufactured in the 1930's, self-winding with taut band suspension balance,

169, “Battery replacement®, ‘'Interface reply' by Charles K Aked, pp 58-9, C(locks, Vol 8, No 7, January
1986, Diagnosing the fault in a defective ‘Gensign’ electric master clock,

170, “Synchronome problems", 'Interface reply' by Charles K Aked, p 57, Clocks, Vol 8, No 8, February
1986, Queries from an uninitiated collector, _ .

171, "Kundo battery", 'Interface reply' by Charles K Aked, p 59, Clocks, Vol 8, No 9, March 1986, Details
of the triggering circuit for the Kundo electric clock,

172, "Well-nade master”, ‘'Interface reply' by Charles K Aked, p 60, Clocks, Vol 8, No 9, March 1986,
Details of the 'International Time Systea' made by the International Time Recording Co Ltd,

173, "Synchronome or not', ‘'Interface reply' by Charles K Aked, p 60, Clocks, Vol B, No 10, April 1986,

174, "Restoring a Master®, ‘Interface reply' by Charles K Aked, p 59, Clocks, Vol 8, No 11, May 1986,
Spare components for the International Time System master clock, nome available for the amateur,

178, "Electrique Brillié", ‘'Interface reply' by Charles K Aked, p 54-5, Clocks, Voluse 8, No 12, June
1986, Information on the Brillié electric clock,

176, "Joyce postscript®, Charles K Aked, pp 10-11, Clocks, Volume 9, No 2, August 1986, This was inten-
ded to supplenent the article 'A Clockmaker's Electric Clock', see item no 152 of this list, but it was
inadvertently printed as a supplement to the earlier two-part artitle on the Joyce clockmaking firm,

177, "Electric Clock Patents from the 19th Century®, Charles K Aked, pp 36-42, 9 figs + 4 coloured
illustrations, (Clocks, Vol 9, No 2, August 1986, A selection taken from the electric clock patents from
1840 to 1900, brief details being given of the more interesting, and out of the way, examples,

178, “Across the Pond®, ‘Interface reply' by Charles K Aked, p 59, Clocks, Vol 9, No 2, August 1986, A
Chester H Pond movement rewound electrically by a three pole motor, description of operation,

179, "The other side®, ‘Interface reply' by Charles K Aked, pp 59-60, C(locks, Vol 9, No 2, August 1986,
Queries on the Natiopal Time Recorder and the Pulsynetic electric master clock,

180, “Electric rewind®, ‘Interface reply' by Charles K Aked, p 62, Clocks, Vol 9, No 3, Septeaber 1986,
Request for supplier of thirty-hour clock conversion kits to electric winding, (None known),

181, "Horological Books and Libraries", Charles K Aked, pp 15-23, Antiquarian Horology, Vol 6, No 1,
December 1968, Pages 20-1 of this article contain references to electrical horology under the heading of
The Royal Society, dealing vith the controversy between Alexander Bain and Charles Wheatstone,

182, Advertisenents for electric clocks, Page 455, Antiquarian Horology, Vol 6, No 1, June 1970, Tine-
pieces Inc of New York for Eureka clocks, and & Crabtree for all kinds of early electric clocks,

183, “Electrical Horology*, p 522, Antiquarian Horology, Vol 6, No 8, September 1970, Notite of the
formation of the Electrical Horology Group and the first meeting to be held at the Science Museum 6 pa 9
October 1970, Charles K Aked, Chairman; A Mitchell, Secretary: E Lloyd Thomas, Treasurer,

184, “Murday's Elecirically Oriven Balance-Wheel Clock®, Charles K Aked, pp 56-59, & figs, Antiquarian
Horology, Vol 7, No 1, December 1970, The first full technical account of the Murday electric clock,

185, “Electricity, Magnetisw and Clocks®, Charles K Aked, pp 398-415, 19 figs, Antiquarian Horology, Vol
7, No 5, December 1971, A comprehensive survey of the history of electricity, magnetism and electric clocks
drawn up from the lecture given to the Northern Section of the AHS 26 March 1971,
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186, “Electrical Horology Group Reports®, Amtiguarian Horology, Vol 7, p 65 refers to the first meeting of
the Group 9 October 1970, p 140 gives details of the first Group visit fo the house of David Nettell at
Uffington, p 242 gives an account of the lecture on electrical horology given by Charles K Aked to the
Northern Section of the AHS 26 March 1971, p 441 gives details of visit to Dr Shenton's house 11 September
1971, p 543 reports the first Annual General Meeting of the Group and the lecture on Chronoscopes prepared
by Nr V K Chew, p 635 outlines the meeting of 11 March 1972 at Uffinglon when H E Jones spoke about the
Synchronone systens (a very meandering outline), p 733 reports the Group meeting at Leicester, 14 June 1972,
and the tour of Mssrs Gent's factory,

187, "The First Electric Clock®, Charles K Aked, pp 276-289, 8 figs, Antiquarian Horology, Vol 8, No 3,
June 1973, The first complete description of Francis Romalds' electrostatic clock and his atiempis to
achieve temperature compensation, (Not avare of Romalds' own written account when preparing this account),

188, *The Earth Driven Clock®, F & A Shenton, pp 63-70, 12 figs, Antiquarian Horology, Vol 8, No 1, Dec-
ember 1972, An account of the history and sequence of evenis of the re-invented Bain eleciric clock,

189, *Electricity, Magnetisn and Clocks®, Charles K Aked, Letter pp 316=7, Antiquarian Horology, Volume
8, No 3, June 1973, Pointing out error in ascribing invention of contactless sysiem to Wheatstone,

190, "The Scott Electric Clock®, 6 C Crabtree, rewritten for publication by Charles K Aked, pp 491-94, 4
tigs, Antiquarian Horology, Vol 8, No 5, Decenber 1973, The historical outline and technical details of
the Scott Electric Clock of the early 20th century, It vas not a successful venture, now valued at £1,000!

191, *Electrical Horology Group Reporis®, Antiquarian Horology, Vol 8, p 87 Wilding visit 16,9,1972, p 198
Second AGN and Magnetic Escapements lecture 2,12,1972, p 313 Bateman's Precision Tinekeepar 24,3,1973, p 424
Good on Electric Watches 16.6,1973, p 533 Visit to Marcoolyn's house and lecture by Ken James on Precision
Pendulum Clocks - Circular error and the Suspension Spring 15,9,1973, p 642 Third AGM and lecture by Charles
K Aked on Alexander Bain 1,12,1973, p 767 Joint meeting of Electrical and Turret Clock Groups on the subject
of 'Electrification’, ie rewinding of turret clocks by electricity, p 767 'Notes on the Bulle electric clock
by A Mitchell; pp 908-9 Northern Section News, p 906, ‘Alexander Bain', lecture given to the Northern Sec-
tion 29,3,1974, identical to that given 1,12,1973 at the Science Museum,

192, "Alexander Bain, the Father of Electrical Horology*, pp 51-63, 10 figs, Antiquarian Horolegy, Vol 3,
No 1, December 1974, The first true account of Alexander Bain's life and work, and his marriage to Matilda,

193, *An Early Electric Turret Clock®, Charles K Aked, pp 428-442, 14 figs, Antigquarian Horolegy, Vol 9,
No 4, September 1975, Details of the discovery of the site of the Bain electric clock fitted in the parish
church of St John's at Loughton, Essex; Finlaison's grave, and details from the church accounts,

194, *Robert Lowne and his Electric Clock System®, R K Shenton, pp 209-214 + 229, 6 figs, Antiquarian
Horology, Vol 9, No 2, March 1975, Summary outline of the electric clock firm of Lownes of Catferd,

195, *The Automatic Memorandum Clock®, R K Shenton, pp 337-339, 3 figs, Antiguarian Herology, Vol 9, No
3, June 1975, Mostly personal details of John Davidson and his family, The tlock illustrated was brought
to Dr Shenton's notice by Charles K Aked after a visit to Mr Gravati about the Kelvin free pendulum clock,

196, "Dell' Orologio Applicato All Ellettromotore Perpetuo®, (Charles K Aked, pp 524-539, Antiquarian
Horology, Vol 9, No 5, December 1975, Historical treatment of the earliest electric clocks on the Conti-
nent, together with explanations of the functioning of individual examples, Much of the information was
supplied by Dr Paolo Rizzardi, so his name vas included as co-author although he did not write a word,

197, *Electrically rewound clock by Leroy of Paris®, p 893, 2 figs, Antiquarian Horolegy, Vol 9, No 8,
September 1976, The front cover shows the William Hardy clock at Greenwich, nodified by Dent in 1829, and
again later when electrical contacts were fitted, (Leroy of Paris well known for precision timekeepers and

_ his electric clocks were installed at the International Bureau of Time, Paris),

T
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198, “Pompous Hope-Jones®, Mention in 'The Chamberlain File', page 900, Antiquarian Horology, Volume 9, No
8, September 1976, Meeting with Paul Chamberlain and his wife, mention of Sir Courtenay Ilbert, Clerk of
the House of Commons, father of Courtenay Ilbert, the famous horologist,

199, “Electrifying Time", p 905, Antigquarian Horology, Volume 9, No 8, September 1976, Notice of the
official opening of the exhibition on 15 December 1976,

200, "Electrical Horology &roup Reports®, Antiguarian Horology, Vol 9, pp $8-90, 227-8, 346-7, 462-3, 573-
4, 638-700, 811-813, 930-1, p 80 Lecture on Alexander Bain by Charles K Aked, p 227 Visit to Mercer, St
Albans; p 346 Fourth AGM of Electrical Horology Group and lecture on the evolution of time-switches: p 462
Members' afternoon at Letcombe Regis, Visit to Gillett and Johnston 28,6,1975, p 573 Bateman lecture on
‘Comparative Performance of Clocks' at Crowthorne 13,9,1975, p 698 'Electronics in Time Measurement' - lect-
ure after Fifth AGM of Electrical Horology Group held 6,12,1975, given by Dr J Weaver; p 811 ‘Public
Tinekeeping' at Letcombe Regis by M Maltin; p 930 Visit to Natiomal Physical Laboratory 23,6,1976 - could
not attend this personally as away on offirial business for the Admiralty,

201, “Electrifying Time Exhibition®, A Mitchell, pp 206-211, 6 figs, Antiquarian Horology, Vol 10, No 2,
March 1977, This exhibition was conceived and suggested to the Director of the Stience Museum by Charles K
Aked in 1975, vho resigned the Chairmanship of the Electrital Horology Group to progress the exhibition,

202, "The Shortt-Synchronoae Number 31", Thomas Terjeson, pp 217-218, 2 figs, Antiquarian Korelogy, Vol
10, No 2, March 1977, A largely non-technical account,

203, "The Synchronome Company", Included in the article "A Clerkenvell Tour of Fifty Years Ago*, written by
Charles K Aked on behalf of T E White, page 343, Antiquarian Horology, Vol 10, No 3, June 1977, Notes the
National Physical Laboratory Free Pendulum Clock No 13 given to Liverpool Merseyside Museun, the Horophone
and the six-pips time signal originated by Frank Hope-Jones,

204, *An Electric Turret Clock by Shepherd®, A Mitchell and D F Nettell, pp 460-3, 3 figs, Antiquarian
Horology, Vol 10, No 4, September 1977, Description of the electric turret clock installed in Hornblotton
thurch by Charles Shepherd, This clock was mentioned to Charles K Aked by C D Belcher but insufficient
details vere given to pursue the matter further,

205, “Shepherd's Electric Turret Clock®, p 740, Antiguarian Horology, Vol 10, No 6, March 1978, Corres-
pondence from J 6 Trevor Oven and D F Nettell about the action of the impulsing of the time train of the
Hornblotton electric clock, Mr Owen replied again in the June issue, page 864 thanking Nettell,

206, “Electrical Horology Group Reports®, Antiquarian Horology, Vol 10, pp 91-2, Sixth AGM of Group, foll-
oved by ‘Any Questions', a panel answering members' queries; pp 223-4, opening of the 'Electrifying Time'
exhibition 15th Deceaber 1976, followed by remarks by Or L Essen; pp 356-7, 'Quartz Clocks and Atomic Time',
Lecture by L Essen 11,3,1977, one of three lectures in the 'Electrifying Time Exhibition' series: pp 482-3,
Visit to the Royal Greenwich Observatory, Hurstmonceux, including the Chronometer Section (now defunct) and
the Time Department then run by Dr Smith; pp 612-613, Making of Herbert Scott electric clock by John Vilding
at Crowthorne Church Hall 24,9,1977; pp 736-7, Seventh AGM held 3,12,1977 and lecture on Bulova Tuning Fork
Vatches; pp 863-4, 'Electric Turret Clocks' and the 'Hornblotton Clock' by J E Plaister and D F Nettell,

207, “tlectrical Horology Group Reporis", Antiquarian Horology, Vol 11, pp 77-8, Visit to 0ld Royal
Observatory Greenwich on 24 June 1978; p 222-3, Meeting at Crondall with three lectures, 'Turret Clock
Electrification', Time Code Receiver, and ‘An Earth Battery'; pp 307 and 309, Eighth AGM and lecture
'Rajlvay Time and all That' by Cddr H D Howse; pp 405-6, lecture at Uffington, 'The Effect of the Moon on
Pendulum Clocks' by M Maltin; pp 516-7, Visit to Blick International Systems at Swindon: p 621, Electric
tlock repair and construction, Bulle suspensions by A J Fox,

208, p 13, Vol 11, No |, Antiquarian Horology, Advertisement by Keith Banham, 16 Grafton Street, London,
vith illustration of nineteenth century electric clock signed Frederick Bull, and a bichromate cell, A very
fine specimen of an early electric clock, (Note that there are no electric clock articles in this volume),
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209, Page 147, Antiquarian Korology, Vol 12, No 2, June 1980, Advertisement by Dial Cottage, Shere,
Surrey, Electric regulator clock by H A Campiche in rosevood case, (A nice exanple of his work),

210, “Johnston Crawford Trotter®, Letter from H,J,S about unusual electric longease clock with synchronous
sotor drive and electric motor for striking side, p 210, Antiguarian Horology, Vol 12, No 2, June 1980,

211, Page 491, Antiguarian Horology, Vol 12, No §, March 1981, Advertisement by Derek Roberts Antiques of
electric vall requlator made by Henry Kerr, Edinburgh, circa 1857, (An elegant timekeeper),

212, "Electric Clocks®, Letter from E,C,T of New Zealand about electric master clock made by Smiths English
Clock Systems, serial nuaber 30284, Antiquarian Horology, Vol 12, No 5, March 1981,

213, Electrical Horology Group Reporis, Antiquarian Horelogy, Vol 12, pp 82-3 Ninth AGM and lecture on the
developeent of batteries for ctlocks and vatches by Dr D Vaughan; p 184 Meeling ai Crondall 29,3,1980 for
Bulle Clock symposium: pp 438-9 Visit to Horstmann Gear Group Lid, Bath, 14,6,1380; pp 548-9 10th Annivers-
ary Luncheon at Beaconsfield on 13,9,1980, followed by resumé of the history and formation of the Electrical
Horology Group from December 1968, also Tenth AGM and lecture by Charles K Aked on '‘Electrical Horology',
29,11,1981: pp 660-1 Lecture on the ATO Electric Clock by John D I Locke at Uffington 4.4,1981,

214, Electrical Horology Group Reports, Antiguarian Horology, Vol 13, p 190 Joint meeting with Restorat-
jon Group, lectures on photography by Wilding, Eureka clocks by John Harrison, and Bill Taylor's workshop;
pp 2087-8 Eleventh AGM of Electrical Horology Group 4,12,1981, followed by lecture on Synchronous Electric
Clocks by T R Robinson; pp 379-80 meeting at Uffington 27,3,1982, lecture by D J Boullin on the development
of the quartz clock; p 484 combined eeeting with Turret Clock Group, radio time controlled saster clock for
public dials shown, p 578 meeting at Crowthorne 11,9,1982, with lecture on pendulum shapes by D A Bateman;
sention on p 580 of synchronous clocks replacing scrapped turret clocks in France and Portugal,

215, *Electrical Precision®, Charles K Aked, pp 172-181, Antiquarian Horology, Vol 14, No 2, June 1983,
Translation of Dr Adolphe Hirsch's report on the going of one of Hipp's electrically driven astrononical
requlators, Should have been in anniversary number of AK, but article on Qughtred substituted instead,

216, Electrical Horology Group Reporis, Antiguarian Horology, Vol 14, pp 83-4 Twelfth AGH 4,12,1982,
lecture by D Vaughan on Palmer's Electric Clock circa 1902; p 182 meeting at Science Museum, two lectures by
H J Marcoolyn on quartz controlled transmitier and Gent's Chronopher master clock; pp 397-8 meeting with
Restoration Group, there was no electrical horology content; pp 514-5 Thirteenth AGM folloved by lecture on
the 'Speaking Clock for the Telephone Service' by F A Wilne; pp 623-4 Meeting at St John's Church Hall,
Anersham, for lecture by M F A Maltin on 'Automatic Monitoring and Conirol of Turret Clocks',

217, Advertisenents showing illustrations of electric clocks, pp 330 and 353, Antiguarian Horelogy, Vol 14,
No's 3 and 4, September and December 1983, The first shows an example of the Campiche electrical chrono-
seter type - signed H A Campiche, Gendve, advertised by Rafferty Huber, Kensington; the second shows an
electric skeleton clock signed Paul Garnier, Horlo?*™ de la Marine, circa 1850, adveriised by Mario Crijns,
Breda, Holland, Both are excellent examples in good condition, See entry no 209,

218, Electrical Horology Group Reports, Antiquarian Horology, Vol 15, p 52 Meeting at Newbury Baptist
Church Hall 16 June 1984, exhibition of master clocks; p 156 Lecture 'Some Electrical Clock Patents' by
Charles K fiked, 8,9,1984; p 27) Fourteenth AGM folloved by lecture on Greenwich Time Ball by B Hutchinson,
mention of Deal Time Ball, 1,12,1984; p 364 Meeting at Crowthorne for lecture ‘on the air we breathe and its
effect on clocks' by Ken James, 2?.3.1985; pp 506-7 Meeting at Newbury for one-day exhibition of electrical
self-vinding clotks to celebrate centenary of self-winding systems; p 628-9 Visit to Deal Time-Ball Tower
to the recently restored tover and nev, museum, (Arrived late to the visit because of road conditions, p 629
Electrical Timekeeping, lecture by Charles K Aked to the Midlands Section 6,6,1985,

219, Advertisenent showing C Vigreux & L Brillié, Levallois-Perret electrical precision regulator, p 122,
- Antiguarian Horology, Vol 15, No 2, December 1984, Advertiser - Grimaldi, 12 Royal Arcade, 01d Bond Street,
London, (Another excellent example of an electric clock),

oY

P

$



@

15

220, ‘'Effects of the Gravitational Attractions of the Sun and Moon on the Period of a Pendulun', P H
Boucheron, pp 53-65, Antiguarian Horology, Vol 16, No 1, March 1986, Research conducted on Shortt Free
Pendulum No 41 at the US Naval Observaiory, Vashington, USA, Further details by D Bateman pp 68-9,

221, Electrical Horology Group Reporis, Antiquarian Horology, Vol 16, pp 66-8 Fifteenth AGM followed by
lecture ‘Charles Shepherd's Electric Clocks' by 0 Vaugham, 30,11,1985, display of Hormblotton electric
tlock; p 247 Meeting at Merstham on the subject of the Bulle Clock, lecture by E L Hansen 7.6,1986, (“Back
end® induced in coill), pp 363-4, Lecture on 'The Pulsynetic System ,,.' by D J Bird: p 366 Henry Marcool-
yn's unit for producing synchronous pover stablised by quartz crystal, and D Nettell's electric winding aid;
p 367 Synchronome synchronous clock with electric motor striking illustrated, Shortt clocks in Zi-Ka-Wei
Observatory, Shanghai, detailed by P Whatmoor,

222, 'Police Page', p 172, Details of stolen Eureka and Bulle electric clocks, ‘'Auction Prices’, p 178,
gives details of elecirically revound clock made by Coventry Electric Clock Co, Ltd, platform escapement,
realised £374, (Firm at 12 Theobald's Road, London), Antiquarian Horology, Volume 16, No 2, June 1986,

223, "The '6BB' Continuous-Motion Clock", pp 2, 1 fig, Leaflet issued by J B Joyce in the early 1930's in
connection with the electric clocks produced in partnership with 6 B Bowell and based on Patent 327708,
Joyce & Co Ltd vere the sole licensees, the majority of the clocks produced went to Camada, See article
vritten by Charles K Aked - 'The Ingenious George Bowell', No information received from Canada on these,

224, “Electrical Horology in Late Nineteenth Century France®, Charles K Aked, Translation of pages 165 to
192 of Les Merveilles de L 'Horlogerie by Canille Portal and H de Graffigny, This gives a viev of electrical
horology through the eyes of 19th century French horologists, There are nine illustrations,

225, "La Suisse, Terre d'Election de Horlogerie £lectrique®, René P Guye, pp 237-265 of L 'Horlogerie Une
Tradition Helvétigue, 1948, Neuchitel, One of the series 'Les Editions de la Bourgade Neuchdtel' published
under the direction of M, Alfred Chapuis, Translated from the French by Charles K Aked, A very partisan
account of the history of electrical horology which, according to the author, originated in Switzeriand,
There is nothing of import included in the account, (Switzerland, Chosen Country of Electrical Horology!),

226, The “Synchronone" Astronomical Regulator, See item no 22 of this list, This was reproduced together
vith comments, 8 August 1984, by Charles K fked for the Elecirical Horology Group, The conclusion reached

vas that the clock wvas a failure in practice, lacking in precision through not being mounted in a vacuum,

nor vas the impulsing mechanism for the pendulum accurate enough for astronomical regulators,

227, “Astronomical Requlators and Observatory Time Installations®, F Hope-Jones, pp 16, 10 figs, Circa
1950, probably one of the last booklets issued by the Synchronome Company Lid, Alperton, It describes the
Shortt Free Pendulum and the general printiples of the Synchronome System, A succinct and clear account,

228, “Improvements to Astronomical Clocks®, 6ill, Forbes, Grubb & Gimingham, See item mo 21, The account
of 1880, together with conments, was collated 24,9,1984 by Charles K Aked for the Electrical Horology Group
newsletter sent out with the notice of the AGM on 30,11,1985,

229, "The History and Construction of Electric Clocks®, W I Milham, pp 320-329 of Time and Timekeepers,
1923, New York, This is a very simple account and concentrates mainly on the Self-Winding Clock Co, syst-
en, There are eight illustrations, particularly good for the Self-Winding master and secondary clock move-
aents, Pages 20-30 cover the story of the time service in America, determined by the Naval Observatory,
Vashington, USA; and the distribution of time by telegraph; plus a section on the distribution of time by
vireless from fourteen stations in the USA, and the Eiffel Tower, The latter had two clocks by Leroy & Cie
of Paris, no's 1116 and 1117, A well produced account for the year of publication, See item 197,

230, "Electric Clocks®, D De Carle, pp 80-105 of British Time, 1947, London, #n account based mainly
upon Hope-Jones's books, The following pages give an account of 'Tim', the speaking clock of the Post
Dffice, There are other references to electrical timekeeping elsewhere in the book, Not a profound treat-
aent but of interest and contains facts and illustrations not published elsewhere,

14
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231, "La Synchronisation &lectronagnétique®, A Cornu, 1894, Paper read before the International Socisty
of Electricians, (Electromagnetic synchronisation), French text,

232, *Nouvelle Pendule £lectrique®, Charles Poncet, 1921, Paris and Besangon, In La France Horlogére, 15
June 1921, (New Electric Clock), French text,

233, "Les Progrés récents de 1'Horlogerie Electrique’, Marius Lavet, 1922-3, In the December issues of
Revue Générale de 1'€lectricité, (Recent Progress in Electrical Horology), French text,

234, °The Eureka Electric Clock®, ‘Artificer', 3 February to 31 March 1949, A series of constructional
articles in the Mode! Engineer enabling the reader to consiruct a Eureka type electric clock, Useful for
making replacement paris for Eureka clocks although mot an exact copy,

235, *Pendule Libre, entrenu electriquement, sans contact®, H Chretien, pp 6, 5 figs, 1907, Rheins,
(Free Pendulua, electrically maintained, without tontact), HMagnetically coupled contacts used, French text,

236, Horological Journal, Vol LXII, No 744, Rugust 1920, Hainly devoted to articles on electric clocks,
prabably at the instigation of Frank Hope-Jones, Chairman of the British Horological Institute,

237, *A Plan for the Regulation of Timepieces in and about Boston®, E N Horsford, pp 8, No figs, 1883,
Boston, This pamphlet contained proposals for a Time Ball in Boston but it was never carried out, A det-
ailed estimate for the cost of the scheme was subnitted, the time ball was to be on the State House tupola,
The pamphlet vas reproduced for the Electrical Horology Group 4 fugust 1984 by Charles K Aked,

238, "Time Balls in and around Charing Cross®, An extract fron The Study of Charing Cross and its lsmediate
Neighbourhood, J H McMichael, p 286, 1905, London, This notes three time balls in the Strand and one at
Cornhill, Noted by John Millburn and published for the Electrical Horology Group 24 September 1984 by
Charles K Aked,

239, "Historical Note on the Rate of a Moving Atomic Clock®, H E Ives, pp 4, 1947, New York, An early
atteapt using caesium beam atomic clocks to detect Einstein's predicted effects,

240, *Accuracy of Shortt Free Pendulum Clocks®, J Jackson and ¥ Bowyer, pp 868-70, Illustrated, Aature,
2 June 1928,

241, “Accuracy of Shortt Free Pendulum Clocks®, J Jackson and ¥ Bowyer,  Proceedings of the Royal
fAstronomical Society, 1928-1931, These records are invaluable today to investigate free pendulum ctlock
performances, see previous entry,

242, *Synchronised Clocks®, J A Lund, pp 16, 1882, London, Describes the system for hourly setting of
public clocks by electrical currents, mainly used in London until the outbreak of the second world war,

243, "Rapport sur la systeme d'horlogerie électrique presenté par M, Leroy®, E J Maunene, pp 14, 1 plate,
1854, Rheims, (Report on the electric clock system exhibited by M, Leroy), French text,

244, "Marine Dcto Electric British Chronometer Controlled®, T Mercer, pp 26, 1937, St Albans, Trade
panphlet describing the Mercer electric clock systea for use at sea, Excellent clocks and equipnent,

245, "The Kansas City Electric Time Ball®, H § Pritchett, pp 4, 1881, Kansas City, A description of the
Time Ball installation, '

246, "Memoire ,,, sur 1'Horlogerie Electrique®, E Regnard, 1885, Paris, (Memoir ,,, on Electrical Horo-
logy), The French horologists vrote profusely on electrically horology at this period, French text,

247, "Making a Free Pendulus Electric Clock®, J A Roberts, Practical Mechanics, pp 210-2, and 240-2, two-
part article in the February and March 1955 issues, London, Comstructional details for amateurs,

O
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248, "Making a Simple Battery Operated Clock",  Practical Nechanics, pp 141-2, December 1957 issue,
This is the usual Hipp Toggle electric clock for making by amateurs, made example - worked well,

249, "Le Mesure Atomique du Temps", J Rossel, pp 4, 1954, Geneva, (Atomit Measureement of Time), fn
early account of the use of atomic phenomena for timekeeping, French text,

250, “Applications of Electromagnetism as a Motor for Clocks®, Charles Shepherd, pp 24, Illustrated,
1851, London, This gives some idea of Charles Shepherd's excellent grasp of electrical timekeeping,

251, "Shepherd's Electric Clotk at the Great Exhibition Building®, Charles Shepherd, pp 3, 1851, London,
A brief account of the electric clock system which should have instituted 2 nev era in timekeeping, It
seens there vere those equally determined to prevent electrical timekeeping beconing a competitor,

252, *Electrische Uhr von Siemens und Halske®, Siemens and Halske, pp 4, 1880, Berlin, (Electric clock
of Siemens and Halske), A trade pamphlet describing their electric clock system,

253, “Quartz Clocks of the Greenvich Time Service®, H M Smith, pp 13, 1953, London, Detailing the
equipment and methods used to maintain the time standards of 6reat Britain,

254, "Facts about Spellier's Electric Clock®, L H Spellier, pp 3, 1884, Philadelphia,

255, “An Electric Clock with Detached Pendulua", A Steuart, pp 6, 2 figs, 1923, Edinburgh, See also
items no's 78-80, This was a very simple electric clock capable of great precision and had the virtue of
tontinuous motion to the clock hands or for use with a telescope drive, The output power could be at any
thosen level, the principle being an electric motor speed-controlled by pendulum action,

256, "Modern Methods of Electrical Timekeeping®, pp 176-80, 4 figs, C(onguest, February 1921, An outline
of the latest methods being employed, the Free Pendulum clock had just been announced, however the greatest
thanges vere just around the corner - synchronous clocks and quartz crystal tlocks,

257, "New Type of Free Pendulum Clock®, pp 41-48, Proceedings of the Physical Sociely, Vol 45, 1933,
London, This was a period when everybody was inventing his own version of a free pendulum clock, Very fev
of these designs were of any practical use - Parriss's rolling ball vas the most successful,

258, “Serviting the Eureka Clock®, pp 78-82, 4 figs, B S T Wallate, WHatchwaker, Jeveller and Silver-
saith, August 1955, London, The most detailed explanation of its working and hints for maintenance written
up to that time, HMet BST Vallace at his home several times in 1960's to discuss Eureka clocks, an outstand-
ing personality, see next entry,

259, "The Clock that was 'Years Ahead of its Time' ®, B S T Wallace, pp 364-6 and 390, ANode! Engineer,

12 Septenber 1957, A rather less technical outline than his article in the Watchmaker, Jeweller and Silver-
saith, Contains information not available elsewhere, plus mention of the new Hamilton electric waich based
on nuch the same principle as the Eureka clock, one of the earliest of English mentions,

260, "Ueber die Elektrische Uhr von 6 Rieback®, pp 6, 1 plate, 1879, Prague, (On the Electric clock of
6 Riebeck), German text,

261, "Thermal Operated Gravity Displacenent Pendulum®, W F Vatkins, page 524, 1 fig, Reprint from the

Horological Journal, Vol 90, No 1080, page 524, September 1948, Employs a bimetallic strip mounted on the
pendulumn to displace a small weight which maintains the motion of the pendulum, At first sight this is a
completely free pendulum since there is no physical contacting, nor any interacting magnetic or electric
field, however the bimetallic strip variations directly influence the pendulun's regularity,

262, "Directions of Installation and Care of Self-Winding Synchronizing Clocks®, pp 32, 1910, Brooklyn,
Pamphlet issued by the manufacturers of the Self-Winding Clocks, synchronised at hourly intervals, the most
succesful electrical time distribution system devised,

Zee
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263, *System of Electric Clocks without Batteries or Contacts®, The Magneta Company, pp 32, 1911, Nev
York, A trade boaklet explaining the Magneta system, The parent firm vas in Germany,

264, *Horloges Normales Electrique®, C Reithman, pp 4, 1867, Munich, (Standard Electric Clocks),
Translation of German paper, French text,

265, Catalogue of Eureka Electric Clocks, pp 16, 16 figs including cover illustration, Reprint of the
original catalogue by the Midwest Electriral Horology Group in 1983, Illustrates 15 different nodels of the
Eureka Electric Clock, but not the most expensive one - the lantern clock model at 10 guineas, £10,10s,

266, "Notes upon the Installation and Maintemance of 'Silectock' Electric Clocks®, pp 4, 5 diagrans, 6 B
Bowell, Circa 1930's, Separate battery employed for Hipp toggle master clock pendulun, Mains supply used
for large slave dial installations, Recommends cutting back braiding on conductor for about an inch to
reduce surface leakage, (This seems a strange idea unless braiding vas metallic for minimising electro-
nagnetic interference to other equipnent), States 'Silectock' electric tlotks are British Made throughout!

267, Synchronome Price List effective from 17 Noveaber 1947, with Purchase Tax on listed prices being 37h%
and reduted to 25% as fron June 1948, pp 16 of a 30 page catalogue (photostat copy), 12 illusirations of
tlocks plus programse controller, The prices ranged fron £28,6,6 to £53,11,0 for master clocks (plus 37
tax), Fire at: Abbey Electric Clock Vorks, Woodside Place, Mount Pleasant, Alperton, Vembley, Niddlesex,

268, Letter from the Synchronome Company Lid dated 4 fpril 1973 stating spare parts for old tlocks no longer
available, and literature supplies exhausied, Signed by A F Holbrook, Sales Dffice Manager, See iteas no's
8-18 and below,

269, Erection Notes for Synchronome Master Clock for half-minute impulse dials only, pp 4, 1 fig, The
diagram shoving the Synchronome switch has the Vestbury, Wiltshire, address on it - Drawing No 20 007,

270, Maintenance Notes for Synchronome Master Clock for half-ninute impulse dials only, pp 4, No fig,
Deals briefly with maintenance, fault-finding and correction; giving procedures for doing so,

271, “The Test of Time*, Advertisenent in Horological Journal of March 1929, page vii, for the Bulle Clock
at the Ideal Home Exhibition, on Stand No 42, 26 February to 23 March 1929, The exhibits were arranged by
'The British Horo Electric Limited' with Henry Bingguely as Mamaging Director, Over 100 styles of cases
stated in Oak, Mahogany and Lacquered vood cases, The styles are pseudo Art Nouveau designs,

272, Silent Electric Clocks, & B Bovell, pp 16, 7 figures, Catalogue of products produced in November
1909, In this Bowell claims the patent of 1895 for the Synchronome as his first patent, The master clock
uses the Hipp toggle principle, The turret clock driven directly fron the master pendulua is interesting,

213, The Development of Time Measurement, 6 W Baillie, pp 30-31, 1951, London, Brief outline of the
Shortt Free Pendulum Clock, claining performance of one-thousandth of a second per day,

978, Units and Standards of Measurement Employed at the National Fhysical Laboratory, Book 1 - Mechanits,
Ath Edition, 1967, ODefines the second (s) as the unit of time as the interval occupied by 9 192 631 770
tycles of the radiation corresponding to the transition betveen the two hyperfine levels of the ground state
of the aton of raesiun-133, The standard ai the NPL in 1967 vas the atomit beam apparatus designed and con-
structed at the NPL with an accuracy of 1 part in 10'" (1 microsecond per day), These notes were probably
vritten by Dr L Essen,

275, *An Electronic. 1,000 ¢/s Synchronous Clock®, T Enmerson and A Vatson, pp 269-273, 6 figs, ARoyal
Naval Scientific Service Journal (now defunct), circa 1950, Use of a 50 Hz synchronous tlock to measure the
accuracy of 1 kilohertz signals over a period of days against the Greenwich Time Signals, Nine thermionit
valves are used in a frequency dividing circuit to produce a 50 Hertz output to a commercial synchronous
tlock, The valves used were the ubiquitous EF 50, EA 50 and EB 34, Not a sound method since errors during
the measuring period can cancel out even if there are intervening variations and the inertia of the rotor
vill spooth out small alterations, No provision was made for non-interrupted pover supplies,
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276, British Horological Institute, Catalogue of the museum at Upton Hall, Newark, Notts, pp 26, No
illustrations except arns on front cover, Exhibits 174 to 204 are of electrically driven vatches of var-
jous types from electric vatches to quartz crystal vaiches, Exhibit 111 is the Alexander Bain electric
clock made about 1850, Exhibits 93 to 104 are of obsolescent watch timers, all electrically operated,
Exhibit 55 is a quartz ring resonator showing signs of wear on the periphery, an early type for use in the
quartz crystal clock, The Institute was never enthusiastic about elecirical and electronic devices,

277, Practical Mechanics Master Battery Clock, pp 2 plus Blueprint showing tonstruction of Hipp toggle
electric clock utilising old alarm clock mechanisn for time reduction train to motion work, The count wheel
is driven by a gravity arn, (Consirutied one of these clocks in 1948, it keph quite good time),..The text
is on duplicated typewritten sheets, full of typing errors, the blueprint is of good quality,

278, *Die Erfingdung der Elektrischen Uhr in Minchen®, Georg Schindler, Dfie Uhr, pp 10-13, 10 figs,
(The invention of the Electric Clock in Munich), A very good article on the clock invented by Professor
Ramis in 1815, it looked much more like a clock than the electric clock of Francis Romalds which just prec-
eded it by a few veeks, A number of German references are given and reproduced hare,

279, Anzeiger fir Kunst und Geverbefleiss im kénigreich Baiern Erster Jahrgang 1815, Nr 1 vom 17, 6, 1815
Seite u, 12 ff, °"Die elekirische Pendeluhr des Professor Ramis, Mechanikersder koniglichen Akademie zu
Ninchen', (The electric pendulum clock of Professor Ramis, Mechanician of the Royal Academy of Munich),
German text,

280, Polytechnische Erfingdungen und Geheime Raths Acten K Staats Ninisterium des Innern, ‘“Privilegium fir
den K Akademiker, Conservator und Professor Dr, Steinheil zu Minchen auf seine Erfingdungen von Uhren,
velche durch galvanische Krifte bewvegt und reguliert verden®, Bayerisches Haupstaartarchiv Minchen, Nr M
Inn, 14288, (Darin Gesuch des Dr Steinheil und Privilegiumserteilung), (Petition of Dr Steinheil for the
granting of a privilege [patent] for the invention of a clock driven by galvanisa), Eerman text,

281, "Rapport sur le systdne de remise 4 1'heure des horloges publiques®, Fenon, pp 11, | plate, Sorieté
d'Encouragenent, 1880, Paris, (Report on systea of resetting the time of public clocks), French text,

282, Schumacher's Jahrbuch 1844, S 41-8: C A Steinheil “Galvanische Uhren®, (Schumacher's Yearbook for
1844), Steinheil's Galvanic Clockwork, German text,

283, PBaierisches kunst und Gewerbeblatt, Jahrgang 1843, S 127-142, “Beschreibung und Abb, des von dem
Kéniglichen Akademiker und Conservator Professor Dr Steinheil erfundenen galvanische Uhren, vorauf derselbe
an 2, X, 1839 Privilegium fur das Konigreich auf 3 Jahre erhielt®, (Description of the invention of the
galvanic clock by Professor C A Steinheil, granted a Privilege 2 October 1839), German text,

284, Baierisches Kunst- und Gewerbeblatt, Jahrgang 1864, ‘“Geschichte der Uhren® von Schafhdutl in vielen
Fortsetzungen, (Continuation of History of Clockwork by Schafhdutl), German text,

285, Die Uhreacherkunst und die Behandlung der Prizisionsuhren, Euglne Gelcich, 1892, Vienna, Section
607 and following, (The Clockmaker and the Managing of Precision Clocks), Entry on electric clocks,
German text,

286, Lexicon der Unrmacherkunst, Carl Schulte, 1902, Bautzen, Section 607 and folloving, (Dictionary
for Clockmakers), Entries on electric clocks, German text,

287, ‘Before Standard Time: Distributing Time in 19th-Century America®, Carlene E Siephens, pp 113-118,
1985, Vistas in Astronoay, Vol 28, Contains a number of references to electrical timekeeping and a full
page of bibliographical references, A useful resuné of American practites, vell set out,

288, "Electrical Time Service in New York®, pp 627-632, (Operator, 23 Decenber 1882,

289, "The Mayrhofer Electro-Pneumatic Systea®, Electro-Pneunatic Time (o, 1830, New York, U S A,
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290, "The Great Exhibit of the Self-Vinding Clock Co®, pp 65, 68-9, Scientific American, Vol 65, 29 July
1893, An illustrated account of the large publicity exhibition of the Self-Winding Clock Company,

291, Proposal for regulating the clocks of the Pennsylvania Central, § P Langley, pp 8, 1869, Pittsburgh,
US A, (The railvay network controlled by the Pennsylvania Ceniral Line),

292, *The Allegheny Systen of Electric Time Signals®, S P Langley, pp 433-441, Telegraph Engineer's
Journal, Vol 1, Great difficulties were experienced by travellers since there vas no universal time sysiem,

293, Report on the Invention of his Electro-Chronograph, J Locke, 1850, Cincinmati, U S A,

294, Master Retrieval Index to the Bulletin of the National Association of Watch and Clock Collectors, Inc,
Covers [imekeepers No's 1-6, and Bulletin Vols 1-27, Whole Numbers 1-239, See pages 82-3 for a listing of
approximately 100 references on electric, electro-nagnetic and electronic vatches and clocks, On page 92
there are 16 references relating to the Eureka Clock, and probably more elswhere, These are shown in the
listing from Entry No 888 onwards, except for the main 'Eureka' references which are separately tollated,

295, Tiné Measurement,” 'L Bolion, 'pp 125-131, 1924, London, Chapter headed ‘Elettrit Clocks', A very
elementary outline of electrical horology by describing two examples! Correctly forecasts displacement of
sechanical clocks by electrical clocks,

296, The Action of Lightning, Major Arthur Parnell R E, 1882, London, References to the effect of light-
ning on clocks given on pages 171, 205, 273, 275, and watthes 171, See also p 57 for Clock Tover of Houses
of Parlianent, The information listed is very meagre,

297, Effects of the Gravitational Atiractions of the Sun and Moon on the Period of a Fenduium, Pierre H
Boutheron, pp 18, 12 figs, Using the Shortt Free Pendulum No 41 ai the Naval Observatory at Washington to
assess the disturbances in a gravity controlled pendulum through changes in gravitional fields,

298, A Parergon of Electrictal Horology, Electric Clock Patents for the Period 1840-1900, Charles K Aked,
pp iii + 57, No figs, Lists all the electrical clock patents for this period with a brief outline of each,
List of nunber of patents per year, also mame listing of patentees, Prefaced by introduction placing the
vhole area of electrical horology invention into perspective, Nearly 400 electric clock patents up to 1900!

299, A Conspectus of Electrical Timekeeping, pp vii + 80, 66 figs, Collation of the first six articles on
electric clocks by Charles K Aked for the commemoration of the centenary of Alexander Bain's death in 1877,
The articles were published in Anfiquarian Horology as follows:

Murday's Electrically Oriven Balance Wheel Clock, December 1970, Electricity, Magnetism and Clocks
Decenber 1972, The First Electric Clock June 1973, Alexander Bain, The Father of Electrical Horology
Decenber 1974, An Early Electric Turret Clock,  September 1975, Dell'Orologio Applicato all Elletire-
notore Perpetuo, (On clockwork applied to the perpetual electro-motor), December 1975,

300, *Temco Master Clock®. Sydney J Smith, pp 16-18, and 10 + 12, of The Herological Journal for August
and Septeaber 1937, Technital description of the Temco master clock manufactured at the THC Ltd faclory at
Dulwich, designed by § J Seith, Basitally a pendulum clock controlled by a synchronous clock driven from
the public supply, but which, in the event of pover failure, continued to operate independently until the
supply vas restored, The slave dials thus shov the time of the supply frequency, so the system is poor for
use when ‘'load-shedding' by reduction of voltage and frequency is resorted to by the pover stations, On
page 18 is also mention of the electric vinding of 'Big Ben', (Visit of the BHI guided by D Buckney
junior), On pages 12-3 is the description of a synchronous clock unit vith Geneva stopwork, used as a means
of gear reduction to drive the hands, reducing the nuaber of wheels in the train, example never seen,

301, *Early Electrical Current Sources®, Charles K Aked, pp 87-97, 8 figs, Journal of the Royal Naval
Scientific Service, Vol 29, No 2, An outline of the developaent of the dry voltaic pile and primary cells,

302, Projector Night Clock, Illustration in Alte Uhren und Gerite ¥XV catalogue, Stolberg, item number 15
thoving a battery operated projector which could be of English sake,
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303, Avtomatic Winders for Turret Clocks, D F Nettell, pp 36, 20 figs, July 1975, Uffington, Descri-
bes various methods of electrical rewinding, protection, with conclusions, Two appendixes give details of
firms supplying vinders, and amateurs who have made electrical rewinding gear; plus gears of various types,

304, "Nev Electro-Magnetic Machine Invented by the Abbot Salvatore dal Negro", Abbot Salvatore dal Negro,
pp 67-80, 1 plate containing a total of 9 figs, Published in Ammall delle Regno Lombardo Veneto, Des-
tribes several forms of electro-magnetically driven pendulums, Copper and zinc plates in dilute acid were
used to provide the necessary electrical current, The machine was first made in 1831, These pendulums were
not applied to clockwork or timekeeping, Translated by R Satchell and transcribed by Charles K Aked,

305, "Hammond Bichronous Electrit Clock", Folder of information on the 'Bichronous' synchronous electric
tlocks made by the Hammond company, USA: invented by L Hammond in 1929, The main advantage was that the
tlock would continue to run for some time after the mains supply was interrupted, a mainspsring driving the
rotor at near synchronous speed during current interruptions of short duration, The improvement also

included a liquid force transmitter to allow an inertia drive to run the rotor at above synchronous speed
for starting, the motor not being self-starting, (Copies of some patents included),

306, "The Darche Electric Alarm®, Folder of information on the Darche Electric Alarms made in Chicago at
the end of the nineteenth century up to about 1920, (Copies of patents included),

307, "The Flashlight Electric Alara®, Charles K Aked, pp 50-51, 3 figs, 'Interface Special Report',
Clocks, Vol 9, No 9, March 1987, Description of the operation of the Darche Electric Alara,

308, “Date of Patent®, ‘'Interface', p 61, 1 fig, Clocks, Vol 9, No 9, March 1987, Brief outline of
early patents and other details, Reply by Charles K Aked to A R's query about early pattern Bulle Clock,

309, "American vatchman's time detector®, Cleveland Electrical Manufacturing Co, pp 43, Cleveland, 1890,
310, "The Electrical Distribution of Time", Allan D Brown, Framklin Institute Journal, 1888, Philadelphia,

311, "Horloge électrique systeme R Thury pour la commande d'instrunenis astronomiques et pour la distribut-
ion de 1'heure®, M H Cuénod, pp 6, 1884, (Thury's electrical clock system), Geneva, French text,

312, Catalogue of electrit clocks, Favag Electrical Works, pp 12, 1931, Neuchdtel, French text,

313, *Varren naster clock for maintaining constant average frequency®, 6eneral Electrical Company, pp 3,
1919, Schenectady, U S A, This particular clock is nov in the Smithsonian Instituta,

314, Catalogue No 50, Synchronous timing motors, timing machines, clock movements, Hansen Manufacturing
Company, pp 20, 1950, Princeton, U S A,

35, “Elektrischer Uhrenbetrieb®, Jacob Heinrich von Hefner-Alteneck, pp 4, Not dated, Berlin, (Electric
clockwork), German text,

316, "A portable spark chronograph®, Clarence Nicholas Hickman, pp 7, 1931, Philadelphia,
317, “Automatic time-delay relay®, C Huff, pp 3, 1931, New York,

318, "An experimental study of the rate of a moving atomic clock®, H E Ives and € R Stilwell, pp 28,
1938, New York,

319, *An experimental study of the rate of a moving atomic clock, II®, HE Ives and 6 R Stilwell, pp 6,
1941, New York, ,

320, "An Instrusent for Measuring Short Intervals of Time®, Eric A Valker, pp 7, 1941, Philadelphia,

321, *The measurement of velocity with atomic clocks®, Herbert Eugene Ives, pp 5, 1940, New York,
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322, *An impulse counter, tallying devire, and electric stopwatch®, Paul Ernest Klopsteg, pp 5. 1929,
323, "Modern developnents in precision clocks®, Alfred L Loonis and ¥ A Marrison, pp 30, 1932, New York, (’A\}

324, "Description of the apparatus and working of the 'Magneta’ clock system®, The Magneta Company, pp 19,
1908, New York, See entry no 263,

325 Illustrated Catalogue of 'Magneta’ electric clocks, The Magneta Company, pp 16, 1926, New York,
326, "Alexander Bain®, Alexander Steuart, pp 15, 1941, Edinburgh, Centenary of electric clock invention,

327, “Instructions for the installation, care and operation of the Paulson Time-o-Graf*, H Paulsen &
Company, pp 53, 1948, Chicago, See reference No 165 in the Elactrical Horology Book Listing,

328, "Correct time - a new Central-Station service®, Philadelphia Electric Company, pp 3, 1926, New
York, One of the first notifications of the maintenance of a constant frequency AC supply to the public,

329, *Printing Chronograph, Model V*, Soriété Gendvoise d'Instrument de Physique, pp 19, 1924, Geneva,

330, *A note on the measurement of small time intervals", Philip Pollock Quayle, pp 6, 1927, Phila-
delphia, U S A,

331, "Tine-keeping in London (instruments in, and time-signals from, the Royal Observatory)®, E A Engler,
pp 28, 1883, New York,

332, Parts catalogue for Revere electric clocks, Revere Clock Company, pp 17, 1949, Cincinatdi,
333, "Revere electric clocks®, Revere Clock Company, pp 24, 1949, Cincinatti, U § A,

y
334, "Die Prizisions-uhren®, Signund Riefler, pp 53, 1894, Munich, (The Precision Clock), 6erman text, ;ii>

335, *The Time-Service at the provisional observatory of the German Museun in Munich®, Sigmund Riefler, pp
§, 1911, Munich, English translation of German text,

336, "The working of astronomital time service systens®, Sigaund Riefler, pp 7, 1911, Hunich,

337, Catalogue of Self-Vinding Clocks, Self Winding Clock Company, pp 33, 1886, New York,

338, Time Service Catalogue, Western Union Telegraph Company, pp 12, Mot dated,

339, Bulletin No ) of progran clocks and bells, Seth Thomas Clock Company, pp 4, Not dated, Thomaston,
340, Catalogue No 701, HMaster and Secondary Clocks, Seth Thomas Clock Company, pp 24, Thomaston,

341, Catalogue No 797, Seth Thomas Clotk Company, 28 leaves, 1934, Thomaston, USA,

342, "A prominent educator says ,,.", Standard Electric Time Company, pp 8, 1920, Springfield, U S A,

343, Catalogue No 33 Standard Electric Time System, pp 64, Not dated, Catalogue No 34 Standard Electric
Tine System, pp 1}, 1920, Standard Electric Time Company, Springfield, U S 4,

344, "The New Post Office Speaking Clocks - Time Announcement®, 0 8 Keen & D C Swynnerton, British Communi-
cations & Elecironics, Voluee X, 1963, p 522,

345, "Batieries for Vristwatthes®, Letier to the Editor, British Comaunications & Electronics, Volume X, (;:)
1963, p 345, On page 713, °Time-Share for Radar or Video Displays®,
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346, "Horloge de commutation S,A,I.A, modéle 300°, pp 10, Illustrated, B, T, (Compteurs), 1943, Paris,
(Switching clock SAIA, model 300), French text,

347, "Sur un pendule électrique®, Carpentier, (omptes Rendus de 1'Académie des Sciences, 1887, Paris,
(On an electric clock), French text,

348, A Superior Electric Pendulum and some Pendulum Equations®, Walter P White, pp 8, 7 figs, 1924,

349, "Nouveau pendule électrique destiné & supprimer les chocs qui altdrent 1'isochronisme des oscillat-
ions®, A Charanon, (oaptes Rendus de I'Académie des Sciences, 19888, Paris, (New electric clock design-
ed to suppress the shocks which alter the isochronism of the oscillations), French text,

350, “Electric Clocks", The FPrice 6uide to Clocks, Alan and Rita Shenton, 1977, pp 368-435, 48 figs,
Chapter KI1I covers the subject of electric clocks from a style and valuation point of view, with only the
briefest of technical details, The estimates nust be obtained from the latest supplemeni to be of value,

351, *Domestic and Battery Clocks and Master Clocks®, 7he Price 6uide to Clocks, Alan and Rita Shenton,
1977, pp 487-488 give tables for a rapid evaluation of the value of the various models of electric clocks
normally available, however supply and demand sets the price at the lower end, see previous entry,

352, "Sur la synchronisation des horloges de précision et la distribution de 1'heure”, Alfred Cornu, Compte
Rendus de 1'Acadénie des Sciences, Volume 105, pp 1106-1112, 1887, Paris, (On the synchronization of
precision clocks and the distribution of time), French text,

353, "Sur le reglage de 1'amortissement et de la phase d'une oscillation synchronisée, réduisant au minimum
1'influence des actiions perturbatrices®, and "Sur les conditions de stabilité d'un systéme oscillant soumis
4 une liaison synchronique pendulaire®, Alfred Cornu, Comptes Rendus de 1'Academie des Sciences, Volume
104, pp 1463-1470, and 1656-1666, 1887, Paris, (On the adjustnent of damping and the phase of a synchro-
nising oscillation, to reduce the effect of perturbations to the minimum, plus: On the conditions of stab-
ility of an oscillating system linked to a synchronizing pendulum), French text,

354, "Note & une note de M, Wolf intitulée 'Comparaison des divers systémes de synchronisation des horloges
horloges astromomiques®, Alfred Cornu, Comptes Rendus de I'Académie des Sciences, Volume 105, pp 1209-
1211, 1887-8, Paris, (Reply to M Volf's note entitled: *Comparison of various systems for synchronizing
astronomical clocks®), This was a controversy about the damping of synchronised systems, French text,

355, "Sur le reglage du courant électrique donnant & 1'oscillation synchronisée une anplitude déterminde®,
Alfred Cornu, Comptes Rendus de 1'Acadéwie des Sciences, 1888, Paris, (On the regulation of the current
to give a synchronized oscillation of fixed amplitude), French text,

356, "Sur une objection faite & 1'emploi d'amortisseurs éleciromagnetiques dans les appareils de synchro-
nisation®, Alfred Cornu, Comptes Rendus de 1'Académie des Sciences, Volume 106, pp 26-31, 1888, Paris,
(On an objection made to the use of electromagnetic damping in synchronizing apparatus), French text,

357, "Sur le réglage de 1'amoriissement et de la phase d'une oscillation synchronisée réduisant au minimum
1'influence des actions perturbrices, Reglage périodique®, Alfred Cornu, Comptes Rendus de 1'Académie des
Sciences, Volume 105, pp 96-100, 1888, Paris, (On the regulation of damping and the phase of a
synchronized oscillation reducing disturbing influences to a minisum, Periodic regulation), French text,

358, *Sur le réglage des balanciers de chronondtre et la synchronisation®, Alfred Cornu, Congrés Inter-
national de Chronométrie 1889, pp 176-182, 1890, Paris, (On the regulation of the penduluns of precision
tinekeepers and synchronization, The first part applies to chronometers only), French fext,

359, °La synchronisation électromagnetique®, Alfred Cornu, Lecture at conference held 1834, Read before
the International Society of Electricians, (Electro-magnetic synchronization), French text,

B
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360, *Télégraphie sans fil; réception de signaux horaires et des télégrammes météorologiques”, Dr Pierre
Corret, pp 93, 33 figs, 1913, Paris, (Wireless telegraphy: Reception of time signals and meteorological
telegrans), French text,

361, “Applications de 1'électricité & 1'horlogerie”, 6 Davy, L'électricité 4 1'Exposition de 1900, Vol 3,
pages 81-88, 1902, Paris, (Applications of electricity to horology), French texti,

362, “Tesps et Fréquence®, B Decaux, Journdes Internationales de Chronoséirie, 1939, Paris, (Time and
Frequency), French text,

363, "Installation de mesures du Laboratoire natiomal de Radio-éleciriciié®, B Decaux, Journées Inter-
pationales de Chromosétrie, 1939, Paris, (Arrangenents for measurements at the National Laboratory of
Radio-Electricity), French text,

364, "Etude sur les chronographes électriques et recherches sur 1'etincelle d'induction et les électro-
aimants®, Marcel Deprez, Comptes Rendus de I'Académie des Sciences, 1874, Paris, (Study of electric
chronographs and researches on the induction spark and the indutiance of electromagnets), French text,

365, "Sur un procdé permettant de compter méchaniquenent les oscillations d'un pendule complétenent libre®,
Karcel Deprez, Comptes Rendus de 1'Academie des Sciences, Volume 102, pp 1523-4, 1886, Paris, (On a
nethod of mechanically counting the swings of a completely free pendulus), French text,

366, "Sur un enregistreur chronoméirique portatif imprimant les observations en mesurant le 1/100 seconde®,
Paul Ditisheim, pp 7, 1904, Paris, (On a portable printing chronograph printing the observations to
17100 of a second), French text,

367, “Chrononétrie: Chronographe électrique enregistrant en chiffres le temps au tentidne de seconde”,
Paul Ditishein, pp 4, Comptes Rendus de Academie des Sciences, 1922, Paris, (Tinekeeping: Electric
chronograph printing the time in figures to 1/100 of a second), French text,

368, "Les signaux horaires du bureau intermational de 1'heure®, Paul Ditishein, pp 4, 1927, Paris,
(Tine signals of the International Bureau of Time), French text,

369, "Précision des gardes-temps piézo-électriques et des pendules astronomiques suivi de la description
d'un garde-temps contrdlé au moyen de quartz piézo-électrique par M, de Gramont®, Paul Ditisheim, pp 35,
1937, Paris, Translated by Charles K fked for Electrical Horological Eroup but not published, (Precision
piezo-electric Yimekeepers and astronomical tlocks connected to a timekeeper controlled by the means of
piezo-electric quariz by M de Gramont), French text,

370, *Réception des signaux horaires & 1'Observatoire de Poulkove", N Dneprovsky, Bulletin de 1'Observ-
atoire Central de Poulkove, 1924, (Reception of time signals at Poulkovo Observatory), French text,

371, *fppareil pour la réception de 1'heure & domicile el & bord des navires par le télégraphie sans fil",
F Ducretet and E Roger, Compies Rendus de 1'Acadénie des Sciences, 1910, Paris, (Apparatus for the
reception of time in private houses and on board ships by wireless), French text,

372, *Systéme de carillon électrique propre & la somnerie des cloches de signal dans les grands établisse-
ments aux différent heures od il en besoin®, Comte Th du Moncel, Mémoires de 1'Académie des Sciences,
1852, Paris, (Electrical carillon system suitable for sounding signal bells in large establishnents at
different times or as required), French text,

373, *Note sur une systéme de detente &lectrique & remontoir pouvant étre employé avec advantage dans les
applications de 1'glectricité®, Comte Th du Moncel, Némoire de 1'Acacémie des Sciences, 1855, Paris,
(Note on a electric remontoir detent system which can be used with advantage in applications of electric-
ity), Frenth text,
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374, *The Valve Maintained Tuning Fork as a Precision Time Standard®, 0 Dye, pp 21, 15 illustrations,
Proceedings of the Royal Society, Volume 103, pp 240-260, May 1923, London,

375, "Chronograph ,,, with the Hipp escapement®, W R Eckart, 2 plates, 1882, Philadelphia, V S A,

376, Die elektrische Zentraluhrenlage in Dessau, P Engel, © plates , 1851, (The central electric clock-
station in Dessau, [A town north of Leipzig, Germanyl), German text,

377, *Sur les horloges parlantes destinées & la distribution téléphonique de 1'heure®, Ernest Esclangon,
Conptes Rendus de 1'Acadésie des Sciences, 1932, Paris, (On speaking clocks intended for telephemic
distribution of time), French text,

378, "La distribution téléphonique de 1'heure et 1'horloge parlante de 1'Observatoire de Paris®, Ernest
Esclangon, Annuvaire des lonmgitudes, 1934, Paris, (Telephonic distribution of time and the speaking clock
of the Paris Observatory), French text,

379, °“Les horloges parlantes et 1a diffusion de 1'heure®, Ernest Esclangon, Comples Rendus de I'Académie
des Sciences, 1936, Paris, (Speaking clocks and the distribution of time), French text,

380, “Sur les horloges indiquant simultanément le temps solaire et le temps sidéral®, Ernest Esclangon,
Coaptes Rendus de 1'Acavémie des Sciences, 1938, Paris, (Clocks indicating mean solar time and sidereal
time simultaneously), French text,

381, *A nev form of frequency and time standard®, L Essen, pp VI, 3 figs, Froceedings of the Fhysical
Society, 1938, Cambridge, The first use of the quartz crystal for accurate timekeeping,

382, "Distribution de 1'heure par les résaux & courants alternifs®, J Fallou, Jowrndes Internationales de
Chronométrie, 1939, Paris, (Distribution of time by reversing currents through a network), French text,

383, "Mémoire sur les horloges, les telégraphes électriques”, Alexander Bain, Méwosre de 1'Académie des
Sciences, 1845, Paris, (Memoir on clocks and electric telegraphs), French text,

384, "Deux moddles d'horloges électriques®, Alexander Bain,  Mémwoire de ]'Académie des Sciences, 1845,
Paris, (Two models of electric clocks shown before the Academy), French text,

385, "Note sur la pendule électrique systéme Bardon pour distribution de 1'heure®, Etiennes Bardon, pp 4,
Congrés National de Chronometrie, 1926, Paris, (Note on the Bardon electric clock system for the trans-
aission of time), Bardon worked at Clichy from 1925-6, French text,

386, "Dn the pendulum, with a description of an electric clock, constructed by E § Ritchie of Boston®, F A
P Barnard, pp 20, 1 plate, 1859, New York, A well thought out design for the peried,

387, “L'horlogerie électrique®, M Bhache, 6dnie civil, volume 57, pp 264-7, 289-291, 301-304, 316-318,
334-337, 46 figs, 1910, Paris, (Electrical Horology), French text,

388, "Sur le reglage de 1a fréquence par la centrale de Sequedin®, Edmond Beal, Journées internationales
de Chronomeirie, 1939, Paris, (Regulation of frequency by the ceniral station of Sequedin), French text,

389, “Sur les conditions de la synthronisation®, Jules Andrade, pp 4, AMewoire Academie Royale des
Sciences, 1903, Paris, (On the conditions of synchronization), French text,

390, "La Théorie de la Synchronisation des Horloges", Jules Andrade, pp 22, Archives des Sctiences
Physiques et Naturelles, 1904, Geneva, (The theory of the synchronization of tlocks), French text,

391, "La synchronisation par le fer doux", Jules Andrade, pp 4, Congresso Internazionale dei Matematici,
1909, Rome, (Synchronization by soft iron), French text,

gg,:&
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392, *Les frottements et 1'isochronisme", Jules Andrade, Compte Rendus de |‘'Acadéaie des Sciences, 1920,
Paris, (Friction and isochronisn), French fext,

393, “"La dernitres perturbations de 1'isochronisme”, Jules fndrade, Compte Rendus de 1'Académie des
Sciences, (The final disturbances of isochronisn), French text, ,

394, "Rapport de la Coemission des horloges, distribution pneumatique et électrique de 1'heure & Nancy®,
Charles Andre, pp 58, 1884, Nancy, (Report of the Clocks Connisssion, on the pneumatic and eleciric
distribution of time in Nancy), French text,

395, "Description du service horaire de la ville de Lyon*, Charles Andre, Bulletin Société des Stiences
Industrielles 1889, Lyon, (Description of the time servite in the town of Lyon), French text,

396, *Distribution synchronique de 1'heure & 1'Observatoire de Lyon*, Charles Andre, Mémoire de 1'Acadénie
des Sciences de Lyon, 1911, Lyon, (Synchronised time distribution from Lyon Observatory), French text,

397, "Précision de la connaissance de 1'heure & 1'Dbservatoire de Paris®, Comptes Rendus de ]'Acadénie des
Sciences, B Baillaud, 1912, Paris, (Precision of the deteraination of time at the Paris Observatory),
French text,

298, "Note sur la précision des signaux horaires émis de 1910 au 31 décembre 1919 par le bureau internat-
jonal de 1'heure A Paris®, B Baillaud, pp 3. ANotices of the Royal Astrononical Society, 1922, Edinburgh,
(Note on the accuracy of the wireless time signals transmitied by the International Bureau of Time at
Paris), French text,

399, *Dispotif simple pour 1'enregistrment des signaux horaires rytheés®, Jules Baillaud, Comples Rendus
de 1'Acadéaie des Sciences, 1914, Paris, (Simple device to register the rhythaic time signals), French
text,

400, “Enregistrement microphonique de la marche des chronomdtres®, Alphonse Berget, Comptes Remdus de
[ 'Acadénie des Sciences, 1899, Paris, (Microphonic recording of chronometers), French text,

401, *Présentation d'un Moteur chronométrique & mouvement uniforme et continu®, Alexandre Bertrand, pp 3,
| fig, Congrds National de Chronométrie, 1926, Paris, (Presentation of a chronometric motor with uni-
fors continuous movenent), French text,

402, "Les horloges & fonctionnement sur les secleurs de distribution et les appareils de contrdle de
fréquence®, Alexandre Bertrand, pp 8, 3 figs, 1932, Besangon, (Mains supply tlocks and the devices
for controlling frequenty), French fext,

403, "Disposition d'horloge se remontant d'elle-a2me au moyen de courants thermo-électriques produils par
les variations de la température®, E Bigi, Comples Rendus de !'Acadéaie des Sciences, 1882, Paris,
(Arrangenent of clock which automatically revinds itself by means of thermo-electric currents gemerated by
variations of teaperature), French text,

404, *Sur la comparaison des durées d'oscillation de deux pendules reglés sensiblement & la méme période*®,
& Bigourdan, Comptes Rendus de 1'Acadénie des Sciences, 1897, Paris, (On the comparison of the duration
of oscillation of two pendulums regulated sensibly fo the sane period), French text,

405, "Sur la distribution de 1'heure & distance au noyen de la télégraphie électrique sans fils®, &
Bigourdan, pp 3, Comples Rendus de |'Acadénie des Sciences, 1904, Paris, (On the distribution of time
at a distance by means of vireless), French text,

406, "Sur un moyen de contréler un systéme d'horloges synchronisées électriquenent®, & Bigourdan, Comptes
Rendus de 1'Acadénie des Sciences, 1906, Paris, (On a means of controlling a systea of clotks sychro-
nized electrically), French text,
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407, "Sur un moyen de soustraire les horloges astronomiques & 1'influence des variations de la pression
atmospherique®, & Bigourdan, Comptes Rendus de I'Académie des Sciences, 1909, Paris, (Dn a means of
preventing the influence of atmospheric variations on astronomical clocks), French text,

408, "Description d'un appareil pour 1'envoi automatique des signaux horaires®, € Bigourdan, (omptes
Rendus de 1'Acadénie des Sciemces, 1913, Paris, (Description of an apparatus for automatically sending
time signals), French text,

409, "Sur 1'emploi du pendule entidrement libre comme garde temps®, & Bigourdan, C(omptes Rendus de
1'Acadénie des Sciences, 1923, Paris, (On the use of a free pendulum as a precision timekeeper), French
text,

410, "Sur 1'observation des signaux horaires rythmés: précision de réception et ordre de grandeur des
perturbations®, 6 Bigourdan, 1925, Paris, (On the observation of rhythmic time signals: precision of
receiving and order of magnitude of perturbations), French fext,

411, "Erreurs moyennes des divers modes d'observation des signaux horaires rythmés®, & Bigourdan, C(omples
Rendus de 1'Acadénie des Sciences, 1925, Paris, (Mean errors of several modes of observation of rhythamic
vireless time signals), French text,

412, "Sur l'unification des signaux horaires radio-télégraphiques®, 6 Bigourdan, Cosples Rendus de
l'Acadénie des Sciences, 1929, Paris, (Dn the standardisation of radio time signals), French text,

413, "L'Horloge lumineuse de la Tour Eiffel®, Alexandre Bertrand, pp 12, Illustrated, Amnales Franjaise
de Chronoadirie, (1lluminated clock of the Eiffel Tower, French text,

414, *Sur un électro-chronographe 4 étincelles synchronisées®, A Blondell, Compies Rendus de 1'Académie
des Sciences, 1912, Paris, (On an electro-chronogrpah with synchronized sparks), French text,

415, "Sur les chronographes électriques et les microgalvonomdires enregisteurs®, A Blondell, (omples
Rendus de 1'Acadéeie des Sciences, 1914, Paris, (On electric chronographs and recording mitrogalvano-
seters), French text,

416, "Remontage automatique des horloges 4 1'aide du dispotif Martin Mayeur", Bloi-Garnier and Chevalier,
pp 12, 12 figs, Societé d'encouragement, 1913, Paris, (Automatic rewinding with the aid of the device
of Martin Meyeur), French text,

017, *Le télégraphie sans fils et l'astronomie”, De Bomald, pp 34, 1912, Rodez, France, (Wireless
telegraphy and astronomy), French text,

418, *Instruction pour l'envoi de 1'heure par la radio-télégraphie®, F Boquet, pp 8, 1911, Paris,
(Instruction for transeitting the time by radio), French text,

419, *Les observations méridiennes et la determination de 1'heure, Exposé des procédés employés  Paris
pour la distribution de 1'heure en ville par la radio-télégraphie®, F Boquet, pp 39, Bu/letin Societé de
France, 1911, Paris, (Meridian Observations and the determination of Time, Outline of the procedures
used for the distribution of time in Paris by radio), French text,

420, *Sur 1'organisation du service de 1'heure & 1'Observatoire de Paris®, F Boquet, pp 18, 8 figs, |
plate, 1913, Paris, (On the organisation of the time service at the Paris Dbservatory), French text,

421, "Les chronographes imprimants de 1'Dbservatoire de Paris®, F Boquet, pp 26, 1 plate, Not dated,
Paris, (The printing chronographs of the Paris Observatory), French text,

422, “Appareil sémaphorique & signaux instantands dit signal-horaire pour 1a transmission de 1'heure dans
les ports®, Georges Borrel, pp 4, 2 figs, Congrés Chronometrique de 1900, 1902, Paris, (Semaphore
for instantaneously signalling the time in ports, called a time-signal), French text,
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423, ‘Regulateur électrique pour entrenir le mouvement du pendule',  Bourbouze,  Comple Rendus de
1'Acadénie des Sciences, Volune 83, pp 482-484, 1876, Paris, (Eleciric regulator for maintaining the
aotion of a pendulum), French text,

424, ‘Horlogerie électro-magnetique*, Louis Braun,  Bulletin Technologique,  March 1895,  Paris,
(Electro-magnetic clockwork), French text,

425, “Sur un appareil destiné & mesurer la vitesse d'un projectile dans différents points de sa traject-
oire", Louis Brequet, Cosptes Rendus de 1'Académie des Sciences, 1845, Paris, (An apparatus designed
to measure the velority of a projectile at different points of its trajectory), French text,

426, "Note sur un chronoscope électromagnétique®, Louis Breguet, Mémoire de ]'Acadénie des Sciences,
1845, Paris, (Note on an electromagnetic chronoscope), French text,

427, "Note sur une nouvelle horloge électrique®, Louis Brequet, pp 870-873, ANéwoire de 1'Acadénie des
Sciences, 1857, Paris, (Note on a new electrit tlock), There are several works by Louis Breguet mention-
ing electric clocks, eg Manuel de la télégraphie électrique, third edition, 1856, Paris, French text,

428, "Le Chronostat 111* - Chronometre Electronique & Transistor Lic ATO, pp 10, 2 figs, 3 tables, 1961,
Trade pamphlet describing the nev transistorised marine chronometer by L Leroy § Cie, 4 rue du Fauborg Si-
Honore, Paris, The details of the performance are given - error of about 1/3 second a day, A decree vas
obtained on 9 June 1954 to allow the electrically maintained chrononeter to take part in trials and to be
permitted for use at sea, A normal chronometer balance vas employed, French text, See also NAWCC Auli-
etin, Volume 10, Whole Number 96, pages 111-115 for fuller technical description, also Entry No 895,

429, "Chronometry - The maintemance of chronometer balance oscillations without physical contact®, M,
Marius Lavet and N, Jaques Dietach, pp 2, No figs, Translated by Tony Mercer from the French, July 1959,
and given to Charles K Aked, 22nd February 1974, There should be three figures with the text,

430, Les Horloges d raies spectrales, ‘Le Temp Astronomique p Le Teaps Atomique', J Verbaandert, pp 47,
19 figs, Communications de 1'Observatoire Royal de Belgique No 137, 1958, Brussells, A brief history and
explanations of the recently devised ammonia and caesium clocks, French text,

431, *The Greenwich Time Ball®, P § Laurie, pp 113-115, No figs, The Observatory - A Review of
fstronomy, Vol 78, No 904, June 1958, A brief history of the Tine Ball at Greenwich,

432, Dictionnaire Professionnel Illusiré de 1'Horologerie, 6 A Berner, 1961, La Chaux-de-Fonds, French,
german, Spanish and English equivalents for electrical and electromagnetic terns are given,

434, "Electric Clocks", pp 146 ff, Scientific American, Vol 103, 20 August 1910,

435, "Huge Electrically-driven Clock®, pp 4 ff, Scientific American, Vol 104, 7 January 1911,

436, "International Time and Weather Radio-Telegraph Signals®, ¥ J § Lockyer, pp 33-36, Aature, Vol 91,
437, "Metropolitan Life Building in New York®, Electrical Reviev, 13 February 1910, Chicago,

438, "The Accutron®, L Defossez, Swiss Watch and Jewellery Journal, No |, February 1961,

439, "The Dye quartz ring oscillator as a standard of frequency and time®, L Essen, pp 498-519, Proceed-
ings of the Royal Society, series A, Volume 155, 1936, London,

440, *Die Junghans-Ato Transistor Pendleuhr, 6 6laser, Oie Uhr, Volune 21, 1989,
441, "An analysis of the electric vatch®, Richard Bood, pp 18-23, Horological Journal, Vol 99, 1987,

442, "The Accutron®, Richard Good, pp 340-353, Horological Journal, June 1961,

O
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443, “Hamilton Pulsar®, pp 14-15, Horological Journal, Volume 113, July 1970, An early American quartz
crystal vatch which vas not taken seriously by the Swiss manufacturers until almost too late,

444, *Etude comparative de quelques organes electro-magnétiques moteurs applicables & 1'entretien des bal-
anciers circulaires”, M Lavet, pp 69-97, Amnales frangaises de chrononétrie, Volume 12, 1958,
(Comparative studies of eleciromagnetic components applicable to maintaining balances in motion), French,

445, “Entretien électrique des balanciers de chromometrie, Nouvelle applitations des tramsistors®, M
Lavet, 1959, (Electrically maintained chronometer balances, New applications of transistors), French text,

446, *Propriétés des organes eleciromagnétiques convenant aux petites moteurs & diapason®, M Lavet, pp
183-196, Annales franpaises de chronosetrie, Volume 15, 1961, (Characteristics of electiromagnetic compo-
nents for small tuning fork drives), French text,

47, “Onega Vabches®, pp 12-13, Horological Journal, Volume 116, No 1, July 1973,

448, “Smith's Sectronic Battery Powered Timepiece®, pp 47-50, T R Robinson, Aorological Journal,
February 1963, # good account of a widely used battery driven electro-mechanical clock movenent,

449, "Anleitung zur Projektierung und Ausfihrung kleiner elektrischer Uhrenanlagen®, Siemens and Halske,
1910, Berlin, (Instructions on a project for making small electric clocks), German text,

450, *Schaltungenund Beschreibungen elektrischer Uhrenanlagen®, Siemens and Halske, 1910, Berlin, (Des-
cription of electric clock connections), German text,

451, *The Measurement of Time*, H Spenter-Jones, pp 123-130, Endeavour, Voluse 4, Dctober 1945,

452, Clocks and Locks, Ednund Beckett Denison, pp 65-74, 1 fig, Second edition 1857, This is the
section published in the Encyclopadia Britannica and enlarged, First published in 1855 from the gth
edition of the Encyclopadia Britannica, A good account of the state of the art at the time, he credits
Bain as being the first inventor, and Shepherd's electric clock as the most reliable - invented by the son,
Nentions the stopping of the dials in Shepherd's system at the Crystal Palate; Bain and his shop in Bond
Street: plus the Greenwich time ball,

453, A Rudinentary Treatise on Clocks and Walches and Bells, Edmund Beckett, pp 156-162, Tth edition,
1883, Deals with Bain's clocks and contains the famous statement *But these clocks never ansvered in any
practical sense ,,.", also in the section on Shepherd's electric clock, ®,,, every now and then the elect-
ricity will fail to lift anything, however small: ,,,", Illustrates Ritchie's slave dials with compound
pendulums on page 160, mentions the Royal Institution installation and failure; and finally time balls and
guns, A lot of information in a small spate, but strong bias against the use of electricity in clocks, yet
the Westminster clock reported electrically to Vestminster daily - to Shepherd's electric clock, which was
then the standard mean solar clock for the whole of the British Isles,

454, Chromomdirie, ] Andrade, pp 317-358, 17 figs, 1908, Paris, Pages 317-330 cover the general
phenomenon of synchronization; includes the work of Cornu, Andrade, and Foucault, see Comptes Rendus de
1'Acadénie des Sciences 21 July 1903 and Archives de Gendve, February 1904), The treatment is highly math-
enatical, Pages 331-358 tovers the electromagnet and contact problens, (chapter 1); folloved by an account
of some electric clocks, (chapter 2); and finally synchronization of clocks (chapter 3), There is very
little mathematits in this part of the book, and the exposition is very much out of date as it is dealing
vith electric clocks of the mid to late 19th century, There is a useful index of inventors pp 369-371,
Andrade was a teacher at the Faculté des Sciences de Besangon, French text,

455, Katch and Clock Making, David Blasgow, pp 312-319, 2 figs, 1885, London, Comnences with Bain's
electric clock, mentions large clock factory in Edinburgh, Shepherd's electric clock, repeat of Denison's
vords about failure with electricity; deals with Jones's system and trial in London, Ritchie's electrical
escapement, plus Barraud and Lund's systes of setting clocks, There is little of value in the account,
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56, Les Automates, Jean Prasteau, Chapter XIII, pp 161-174, § plates, 1968, Paris, (Autonata),
Four electrically driven automata described, French text,

57, Ein Jahrhundert Junghans, F L Neher, pp 128-132 and pp 153-156, 7 figs + 2 coloured plate showing
electrical equipment and 3 electrically driven waiches opened up for viewing, The ATD clock is shown in
line form, Historical rather than technical, intended to laud the achievements of Junghans, 1961,
Schranberg, (Junghans centenary 1861-1961), German text,

458, *Synchronous Timekeeping®, p 826, Horological Journal, Decenber 1953, A note from Smith's of Crick-
lewood on the accuracy of 'mains time', (Alas the table gives the values in minules instead of seconds,
shoving the greatest error as -49 minutes!), An apology for the error was sent to all members of the BHI,

459, "Nev Master Clock System", p 421, Horological Journal, July 1956, Letter from Mr Fred K Longley in
reply to A C Webber's remarks in the May 1956 issue, Mechanical regulator which releases a counterpoised
lever each minute to set an electrically driven vaiting train in motion to drive the hands of a slave dial,

460, “Electric Vatch Information®, p 226, Horological Journmal, April 1959, Letter from Arthur Quillam
urging the BHI to give a lead in the matter of repairing electric vatches, The editor points out that the
Horological Journal was the first in the world with an article on the electric watch, and mentions a nev
article on the Lip watch and the manual available for the Hamilton electric watch,

461, "First Electric Vatches on the Market®, p 86, Horological Journal, February 1957, Hamilton's bait-
ery maintained, balance-driven movement, still within the realms of the mechanical vatchnaker,

462, *Electric Vatches®, p 156, Horelogical Journal, Warch 1957, Letter from D Rohn of Roamer Watthes
denigrating the electric watch and stating its main advantage will be 'that it vill indicate precisely the
time when the battery has given out', a remark taken up parrot-fashion by George Daniels in later years,

463, *Centenary celebrations of 'Big Ben', Wesiminster®, p 420, Horological Journal, July 1989, Flood-
lighting of orb and cross on the top of the clock tower for the first time, using Atlas fittings, first
developed for the 'Son et Lumidre' at Greenwich, these were mounted on buildings 100 to 200 yards avay,

468, Antique Clocks and Clock Collecting, Evic Bruton, p 87, No illustrations, 1974, London, Passing
references to Bain's electiric clock, Bulle and Eureka clocks,

465, Clocks and Watches, Ervic Bruton, 1968, London, pp 59-60, 100, 109-115, First mention of the Hamilten
electric vatch, the Accutron, radio watches; a viev of the Hamilton watch is given on page 60, Page 100
illustrates the Tiffany ‘Never-Wind'tlock, Page 109 covers Grimthorpe's remarks and Alexander Bain's Elec-
tric clock, Greenvich Time Ball, Deal Time Ball, Radio time signals from Paris, tubular bells (in Marcool-
yn's possession, Time 'pips' by Hope-Jones; Eureka, Bulle, Shorit Free Pendulum tlock, quartz crystal
tlock, caesium atomic clock; with illustrations, Page 127 gives a full page colour plate of a Patek
Philippe light operated clock, The first Sviss Quartz crystal watch, the Centre Electronique Horloger is
illustrated full size on p 130 together vith a Bulova Accutron tuning fork Yimer for use on the Moon,

466, The Aris of Britain, Edward Mullen, editor, pp 223-228, Chapter 17 - 'Clocks and Vatches' by
Charles Aked, 1983, Oxford, Mention of quartz crystals ending the mass produttion of mechanictal watches,

467, Clocks and Watches, Cedric Jagger, 1977, London, There are a number of references to electric
clocks and watches, the most important being an illustration of Alexander Bain's electric clock in the
Clockmakers' Company Museum, Guildhall, page 205; and the Barraud and Lund advertisement for their patent
sethod of synchronizing clocks at the hour, page 206, Nothing profound to be found in this book,

468, The Clockmakers' Library, John Bromley, 1977, London, p 1 has three articles listed by Charles K
Aked, (Entries no's 5, 6, and 7 in the book); p 2 Bain's Short History of the Electric Clocks, (Entries no
A1 & 42 in the book): p 3 the illustration of the Edinburgh to Glasgow synchronization of tlotks, Other
items included are shown in immediate sequence vhere these are not already included in this list,
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469, “About the Isochronous Oscillation of a Pendulun®, F M Fedchenko, pp 18, Illusirated, (Entry no 307
in the book 7he Clockaakers' Library), No details of contents given,

470, "Astronomical tlock with an electromagnetically driven pendulun, F M Fedchenko, Research in the field
of Tine Measurement, Proceedings of a committee of the ALl Union Scientific Research Institute of Physio-
techical and Radiotechnical Measurements, pp 18, Illustrated, Issue 58, 1962, (Entry no 308 in the book),

471, "Astronomical clock Ach F-1 with isochronous pendulumn®, F M Fedchenko, Astronomical Journal of USSR,
pp 12, Illustrated, Account of the last of the electro-mechanical precision clocks, (Book Entry no 309),

472, "Spring Suspensions for a Pendulum®, F M Fedchenko and A 6 Fleer, Measurements Techniques, No 8 ,
August 1966, Three-part suspension spring to give isochronous swings, Succtess never achieved in the past,

473, "Fedchenko's electronic-mechanical pendulum astronomical clock®, pp 3, Figs, In Elektrischkie prib-
ory vremeni, V A Shpolyansky and B M Chernyagin, 1964, Moscow, This Russian electrically driven pendu-
lun disappeared vithout trace in the 1970's, it was supposed to be better in performance than the Shorit,

474, "Hr Fortnum and Mr Mason: the nev clock®, Forinum and Mason, pp 2, 1965, This clock has automata
vorked by the use of relays and electric motors, ([Rather an amateurish productionl,

475, “Catalogue of tools and materials for watchmakers, jewellers and the electromics indusiry®, Henri
Picard & Frére Lid, pp vi + 207, Illustrated, Including price list,

476, "Proceedings of the banquet and testimonial to the Chairman Hr A Angus Croft ,,, at Willis's roons on
Vadnesday, 22 March 1891", United Kingdom Electric Telegraph Company, pp 31, Plates,

477, Clocks and Watches in the Collection of the Worshipful Company of Clockmakers, Cecil Clutton and
George Daniels, Item no 627 in the book listing, page 106, describes the Alexander Bain electric clock now
in the collection, It was bequeathed by A V Narshall in 1973, It is like the model illustrated in Bain's
4 Short History of the Electric Clocks, page 26, Details for this given by Charles K Aked to Colonel H
Quill in 1974, see also brief details on page 105 of the book,

478, How Time is Neasured, Peter Hood, First edition 1955, second edition 1969 with details of new devel-
oprents, Oxford, The relevant parts are: p 29 - A tuning fork watch, pp 33 - 35 - Time Switches, pp 36-7
- Electric Mains Clocks, p 38 - Electric Winding, p 39 - Electronic Clocks, pp 41-2 = The Electric Master
Clock, pp 41 - The Free Pendulum Clock, p 43 mentions the Surveyor's Chronometer - fitted with half minute
tontacts, pp 50-2 - Quartz Crystal Clocks pp 53-4 - Time Signals, pp 55-56 Atomic Time, pp 58-60 The
Telephone Speaking clock, All these are dealt vith at an elementary level but clearly,

479, "A Quartz Crystal Clock®, C F Booth, pp 33-37, B figs, The Post Office Electrical Engineers'
Journal, Volume 39, Part 2, July 1946, This is the equipment nov displayed in the Science Museun, London,
It consists of three identical 100 kilohertz crystal oscillators, in a temperature maintained at 50* C ¢
0,005* C, the crystals are of the bar type in evacuated glass envelopes, In the same issue, p 47, is a
short article by J M R reporting that on 24 July 1946, the Speaking Clock will be 10 years old and have
anvered 325 million calls with the announced time accurate to within 0,1 second, It mentions the duplicate
installation at Liverpool, See next entry - 480,

480, "The British Post Dffice Speaking Clock, Mark 11", A J Forty & F A Hilne, part 1; and R L Smith, part
2, Two part article on the Speaking Clock, The Fost Office Electrical Engineers' Journal, p 154, Part 3;
and pp 229-233, Part 4, 13 figures; Volume 48, The equipment was made for use in Australia, to be imstal-
led at Melbourne and Sydney, The article vas reprinted from 7he Telecommunication Journal of Australia,
Volume 10, No 2, October 1954, First part is technical, second part covers despatch operations,

481, “'TIM' the Speaking Clock®, Full description in the April 1963 issue of the Post Office Electrical
Engineers' Journal, (One of these is in the Science Museun and another at the Deal Time Ball Tower Museun,
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482, "An Electronic Programme Clock®, A K Debbie, p 12, The Post Office Electrical Engineers' Journal,
Volune 48, part |,

483, "Post Dffice Quartz Oscillators for use in Time and Frequency Standardisation Abroad*, J § McClements,
p 26, The Post Dffice Electrical Engineers' Journal, Voluse 48, Part 1,

484, "Electric clocks®, Time Moasurement Instruments, Richard Meyrick, 1979, Bury St Edmunds, Exhibit
21M, listed on p 42, is an electric clock made by an amateur at Clacton; Synchronome type with four slaves,

485, "Comparaison de deux pendules astronomiques & 1'aide de signaux électriques transmis par un table
sous-marin & trés longue portée®, R Bourgeois, Comptes Rendus de 1'Acadéeie des Sciences, 1910, Paris,
(Comparison of two astronomical clocks with the aid of electrical signals transmitied by a very long
submarine cable), French text,

496, *Nouveau pendule élecirique, destiné 3 supprimer les chots qui altérent 1'ischronisme des oscillat-
ions®, A Charanon, Comptes Rendué de 1'Acadénie des Sciences, 1882, Paris, (New eleciric clock desig-
ned to suppress the disturbances which alter the isochronism of the ostillations), French text,

487, "Pendule libre entrenu électriquement sans contact®, Henri Chretien, pp 8, § figs, Comptes Rendus
Association Franpaise pour 1'advancement des Sciences, 1907, Paris, (Free pendulum maintained electri-
cally without contact®), The use of a magnet to induce a current in a copper ring to create a mechanical
force to operate electrical contacts, thus the pendulum is only apparently and not actually free, See entry
no 235 - identical article published in Rheims, French text,

488, "Chronographe électrique enregistrant, en chiffres, le temps au centidme de seconde®, Henri Chretien,
pp 4, 1 fig, Cosptes Rendus de I'Aacadémie des Sciences, 1922, Paris, (Electrical chronograph printing
times in figures to one hundredth of a second), French text,

489, "Chronographe électrique imprimant électrique & vitesse intermédaire comstante®, Henri Chretien and
Paul Ditishein, pp 25, 6 figs, 1933, Besangon, (Electric printing chronograph of consiant intermediate
speed), French text,

490, "De l'unification de 1'heure®, Armand Frangois Collin, pp 6, Societé d'encouragement pour 1'indus-
trie nationale, 1880, Paris, (On the unification of time), The use of synchromizing signals was greatly
favoured in France at this period, see Entry No 224 for full details, French text,

491, "De 1'unification de 1'heure dans Paris, des quatre cadrans régulateurs types, des cadrans compteurs®,
Armand Frangois Collin, pp 16, ¢, 1880, Paris, (On the standardisation of time in Paris, four types of
regulator dials, and secondary dials), French text,

492, "L'unification de 1'heure & Paris et dans toute la Framce®, Armand Frangois Collin, pp 21, 1880,
Paris, (The standardisation of time in Paris and all France), The use of hourly synchronizing signals to
keep all public mechanical clocks in step, French text, :

493, "L'unification de 1'heure & Paris et dans toute la France avec le nomenclature et la description des
appareils exposés 2 1'exposition d'électricité”, Armand Frangois Collin, pp 39, 1880, Paris, (The
standardisation of time in Paris and in all France, with the nomenclature and description of all the appar-
atus shown at the Paris exhibition), French text,

494, "Les horloges électriques et la transmission de 1'heure astronomique dans les tentres horlogers de la
Suisse orcidentale®, Albert Favarger, , 6énie Civile, pp 7, 20 figs, 1888, Geneva, (Electric clocks
and the transmission of astronomical time in the horological centres of vestern Switzerland), French text,

495, "Sur la distribution de 1'heure civile®, Albert Favarger, (ongrés de Chronoaétrie de 1900, pp 6,
1902, Paris, (On the distribution of civil time), Some of Favarger's work was included in Histoire de la
pendulerie neuchdteloise ,,,, edited by Alfred Chapuis, 1917, Neuchdtel, French texts,

N,
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496, "Pendule astronomique destinée & 1'Observatoire de Marseille®, Femon, pp 10, 3 plates, Societé
d'Encouragement, Based on report made by Rédier, 1884, Paris, (Astronomical clock designed for the
Margeille Observatory), French text,

497, “Application de TSF & 1'envoi de 1'heure®, C Ferrie, pp 52, Circa 1912, (Application of wireless
to the transaitting of time), This was translated into German, see next entry, French text,

498, "Vervendung der drahtlosen Telegraphie z, Zt, der Uebermittlung", pp 20, 1912, See previous entry,
German text,

499, “L'enregistrement des oscillations d'un pendule sans liasons matdrielles", pp 6, 1 fig, 1929,
Honthly notices of the Royal Astronomical Society, Probably Charles Féry's text, (Registering of the
oscillations of a pendulum without material contact), French text,

500, “Pendule & restitution &lecirique constante®, Charles Féry, Comptes Rendus de |'Académie des
Sciences, 1900, Paris, (Pendulum with constant electrical restitution), French text,

501, "Pendule & restitution électrique constante®, Charles Féry, pp 3, Congrés de Chronométrie de 1500,
1902, Paris, (Pendulum with constant electrical restitution), French text,

502, "Pendule électirique & échappenent libre®, Charles Féry, (omptes Rendus de I'Académie des Sciences
1905, Paris, (Electric clock with free escapement), French text,

503, Notice sur les appareils exposés par lui & I'Exposition franco-britannique, group V, électricité et
instrument de précision, Charles Féry, pp 89-100, 1908, Tours, (Notice on the apparatus shown by him
at the Franco-British Exhibition, group V, electricity and precision instruments), French text,

504, "Nouveau Chronomdtre électrique®, pp 815-820, Charles Féry, Jourmal de Physigque, Sth series, Volume
1, 1922, Paris, (New electric chronometer), French text,

505, "Les avantages de 1'horlogerie électrique, ses récents progrés®, Charles Féry, pp 10, 3 figs,
Congrés national de Chromométrie, 1926, Paris, (The advantages of electrical timekeeping, its recent
progress), French text,

506, "Titres et travaux de Ch Féry et description des principaux appareils exposés 3 1'occasion du cinquan-
tenaire de 1'école de physique et de chimie industrielle”, [Horlogerie é&lectrique pages 67-751, 3 figs,
1933, Paris, (Titles and works of Charles Féry and description of the principal apparatus shown on the
occasion of the 50th anniversary of the Industrial School of Physics and Chemistry), French text,

507, "Sur 1l'isochronisme d'un pendule entrenu par une impulsion agissant aprés la verticale®, Charles Féry
and N Stoyko, pp 3, ) fig, Comptes Rendus de I'Académie des Sciences, 1932, Paris, (On the isochronism
of a pendulum maintained by an impulse acting after the vertical [positionl), French text,

508, "Note relative & un moyen de contrdler la distribution de 1'heure dans les diverses stations télé-
graphiques®, A Forel, Comptes Rendus de 1'Académie des Sciences, 1888, Paris, (Note relative to a
neans of controlling the distribution of time in different telegraphic stations), French text,

509, "Etude sur le pendule & oscillations électro-continues de M, Leon Foucault, Hypothése de la resist-
ance de 1'éther”, E Gand, 1855, Anmiens, (Study on M, Leon Foucault's electrically sustained pendulum,
Hypothesis of the resistance of the Aether), French text,

510, "Sur un nouveau systéme d'horloge électrochrone®, Paul Garnier, Mémoire de l'Académie des Sciences,
1847, Paris, (On a nev system of electrochrone clock), French text,

11, *‘Aron' Self-vinding electric clocks®, General Electric Conpany, Ltd, pp 1621-24, “Telephones,
etc®, K section, 11th edition, 1911, London,
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512, *Pulsynetic impulse clocks®, €ent and Co Lid, pp 8, 1914, Leicester, See entries 102, 103 & 513,

513, "Silent electric impulse clocks and electric turret clocks®, Gent and Co Ltd, pp 53, 1914,
Leicester,

514, "Note sur la pendule &lectronoteur de Gérard*, Gerard, pp 7, 1 plate, 1855, Brussels, (Note on
gérard's pendulun electromotor), French text,

§15, "Description d'un petil appareil électrique destiné d entremir les oscillations d'un pendule & demi-
seconde®, Gerard, Comples Remdus de ]'Académie des Sciences, 1864, Paris, (Description of a small
electrical apparatus designed to maintain the ostillations of a half-seconds pendulun), French text,

515, “Interrupteur 8lectrique du chronométre de marine®, V Gerbeaux, Congrés national de Chronométrie
pp 3, Illustrated, 1923, Paris, (Marine chronometer electric switeh), French text,

517, "Systéme d'horloge électrique®, A Giraud, (omptes Rendus de 1'Acadénie des Sciences, 1868, Paris,
(Electric clock system), French text,

§18, "Mémoire sur une horloge magneto-élecirique®, Gloemer, Mémoire de !'Acadénie des Sciences, 1848,
Paris, (Memoir on a magneto-electric clock), French text,

5§19, *L'enregistrement des signaux horaires & 1'Observatoire de Besangon®, R Goudey, Bulletin de
1'Observatoire, pp 32, 20 illustrations, 1925, Besangon, (Recording of the time signals at Besangon
Observatory), French text, '

520, *L'ajustage électrique 4 distance des pendules normals®, A Greadenwitz, Aevwe général des Sciences
pures et appliquées), 1908, Paris, (Electriral adjustment of distant ordinary clocks), French text,

521, "Recherches sur le quartz piezoélectrique®, Armand de Eramont, Aevue d'Optigue, pp 113, 66 figs,
1935, Paris, (Researches on piezo-electric quartz), French text,

522, *Une procédé élecirostatique pour 1'entretenir les vibrations des diapasons et des verges", Pierre
grivet, pp 3. 2 illustrations, Comptes Rendus de 1'Académie des Sciences, 1941, Paris, (An electro-
static means for maintaining the vibrations of tuning forks and rods), French text,

§23, "Sur la determination expérimentale du couple d'amortissment d'un oscillateur®, Jules Haag, Comples
Rendus de 1'Aacadénie des Sciences, 1932, Paris, (On the experimental delermination of the damping couple
of an oscillator), French text,

524, Horology: the Science of Time Measurement, 1 Eric Haswell, "Electrical Clocks®, Chapter 10, pp 106-
132, 16 line figs, Plates XVII-XIX, First edition 1928, second edition with supplement 1937, Commencing
vith Bain and Shepherd it moves on to the ‘Synchronome', Pulsynetic, Lowne, Princeps, Steuart, Bentley,
Hipp toggle, Féry, Bulle and Magneta systems, A shori section on secondary tlocks follows, The diagrams
and text are excellent, especially for the time of publication,  The plates illustrate the Mercer survey-
ing chronometer and two chronographs for use with it, described in pages 255-7,

§25, Horology, Donald De Carle, pp 68-76 and §3-101 deal vith time signals, electric and electronic
tlocks and vatthes respectively at a very simple level, First edition 1965, second impression 1973,
London,

5§26, 'The present status of the use of Siandard Time®, Eduard Everett Hayden, United States Naval
Observatory, Volune 4, pp 25, 1905, Washington,

527, “Information relative to the construction and maintenance of Time Balls®, V B Hazen, pp 31, 4 figs,
1881, Washington,
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§28, “Etude préliminaire d'un diapason de quartz dans un vide éléve, F Holweck and Pére P Lejay, C(omples
Rendus de 1'Académie des Sciences, (Preliminary study of a quartz tuning fork in a vacuun), French text,

529, “Electrical Distribution of Time", pp 20-67, (lorrect Time, Hooke and R Myles, pp 68, 36 figs,
1912, London,

530, "Die Galvanische Pendeluhr”, M H Jacobi, pp 56, ) plate, Méaoires physiques et chimigues, 1856, St
Petersburg, Russia, (The Galvanic Pendulum Clogk), French text,

531, "Réception d'un signal horaire hertzien de la Tour Eiffel”, Paul Jegou, Comptes Rendus de 1'Acadénie
des Sciences, 1910, Paris, (Receiving a Hertzian time signal from the Eiffel Tower), French text,

5§32, "Application de la T § F signaux horaires, déternination des longitudes®, Paul Jegou, pp 66, 1912,
Paris, (Application of the wireless time signals, determination of longitude), French text,

5§33, "Détermination de 1'heure par T § F*, Paul Jegou, Paris, (Determination of time by wireless),
French text,

534, "Sur le mouvements oscillatoires subordonnés dus bout & bout", de Jonquieres, pp 68, (omptes Rendus
de ]'Acadénie des Sciences, 1887, Paris, (On the subordinate oscillations from beginning to end), French
text,

535, "Die Elektrischen Uhren®, Bericht iber die Internationale elektrische Ausstellung, F Kapaun, pp 307-
344, 1885, Vienna, (The Electric Clock, report on the International Electrical Exhibition), German text,

536, "Elektrische Uhren und Chronoscope®, A Kleyer, No other details, (Electric clock and chronoscope),
German text,

§37, *Dbservation of wireless time signals®, Knox-Shaw, Helwan Observatory, No other details,

538, Qlie Mechanik des Flectro-Mechanismus, ihren grundbegriffen nach entwickelt, sowie kehrere neve elek-
trische Naschines und Apparatus in den Elektromechanismus als Triebkraft for Telegraph Uhren und Naschinen
aller Art, J F Koloff, Berlin, (Electro-mechanisns ,,, new electrical machines ,,, telegraph, tlotks),
German text,

539, "Réception radiotélégraphique de 1'heure®, Lachat, pp 15, 1911, Lyon, (Radio-telegraphic reception
of tiee), French text,

540, "Champ électrique et étude des isolants", P Lang, pp 40, (Electric field and study of insulators),
French text,

541, "Les progréds récents de 1'horlogerie électrique”, Marius Lavet, ARewwe géndrale de 1'électricité
1922, Paris, (Recent progress in electrical horology), French text,

542, “Recherches sur les procédés d'entretien électrique des pendules et leur application & 1'horlogerie®,
Marius Lavert, pp 15, Conmgrés national de chronométrie, 1926, Paris, (Researches on the methods of
electrically maintaining penduluns and their application to timekeeping), French text,

543, *La renise & 1'heure automatique des pendules par émissions radiodlectriques®, Marius Lavet, pp 16,
1 illustrations, ARevwe géndrale d'électricité, 1928, Paris, (Automatically resetiing clocks by radio
transmissions), French text,

544, "Facteurs dont il convient de tenir compte dans les essais comparatifs des pendules éleciriques &
réaction directe®, Marius Lavet, pp 13, Amnales de Chronométrie, 1932, Besangon, (Factors which must
be taken into account when comparing electric clocks in direct tests), French text,
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545, "Alinentation des horloges électromagnétiques par le secteur®, HMarius Lavet, pp 4, Annales de
Chronoméirie, 1932, Besangon, (Energising electromagnetic clocks in groups), French text,

546, "Etude des procédds de synchronisation des balanciers d'horloges et autres ostillateurs méchaniques®,
Marius Lavet, pp 31, 22 illustrations, Revue générale d'électricité, 1934, Paris, (Study of the
nethods of synchronising clock pendulums and other mechanical oscillators), French text,

547, *fpplication des nouveaux aciers & aimant & 1'horlogerie; Moteurs synchrones et récepteurs horaires
silencieux munis d'aimants au nickel aluminium®, MWarius Lavet, Jowrnées Intermationales de Chronométrie,
1939, Paris, (Application of nev magnetic steels to horology, synchronous motors and silent secondary
tlocks fitted with magnets of nickel aluninium), French fext,

548, *Appareil enregistreur de la vitesse dans les mouvements pendulaires®, Jean & Louis Lecarme, pp 68,
Comptes Rendus de 1'Acadénie des Sciences, 1897, Paris, (Apparatus for recording the speed of pendular
sotions), French text,

549, "Chronographes électriques, horloges, compteurs®, Dictionnaire de 1'dlectricité el dv magnétisee comp=
renant les applications aux sciences, aux arls et d I'industrie, E Bouty & J Lefevre, 1890, Paris,
(Electric chronographs, clocks and secondary dials), French text,

§50, *"Sur la synchronisation 3 distance des pendules de précision sams 1'intermédiaire d'aucun contact®,
Lejay, Comptes Rendus de 1'Académie des Sciences, 1927, Paris, (Dn the synchronisation of remote prec-
ision tinekeepers without intermediary contact), French text,

§51, *Sur un chronographe enregistrant le dix millidme de seconde, et son application & la nesure des
irréqularités des pendules astronomiques®, Lejay, Comples Rendus de 1'Académie des Sciences, 1929,
Paris, (On a chronograph recording to one ten-thousandth of a second, and its application to the measurement
of the irreqularities of astronomical regulators), French text,

§52, *L'horlogerie electrique et pneumatique". AMouveav manuel complet de 1'horloger, Sixth edition of the
original work by Le Normand and Janvier, edited by Stahl, in two volumes, pp 394 + 375, 15 plates, 189,
Paris, (Electric and pneumatic horology), Frenth text,

553, "Rapport de M Maumené sur le sysiéme d'horlogerie élecirique présénte par M le Roy, horloger & Reims, M
Maumené, pp 134, 1 plate, 1854, Reims, France, (Report by M Maumené on the electric clock systen shown
by M Le Roy, clockmaker of Reims), French text,

554, “Electricité pratique, Somnerie des heures sur les cloches®, Abbé Letombe, 1688, Saini-Quentin,
(Practical electricity, Sounding of the hours on bells), St Quentin is a small town halfvay between Paris
and Brussels,

555, "Description d'une horloge électromagnélique dans laquelle la force qui maintaient le mouvement du
pendule régulateur est réguliérement constiant®, Enmanuel Liais, Mémoire de !'Acadénie des Sciences, 1851,
Paris, (Description of an electromagnetic clock in which the maintaining force is constant), French text,

556, *Note sur la distribution électrique de 1'heure”, Enmanuel Liais, Mémoire de 1'Académie des Sciences,
1857, Paris, (Note on the electrical distribution of time), French text,

557, "Sur 1'entretien du mouvement du pendule sans perurbations®, & Lippmann, Comptes Rendus de l'Acadénie
des Sciences, 1896, Paris, (On the maintenance of the motion of a pendulum without irreqularities),
French text,

558, "Méthodes pour comparer, & 1'aide de l'etincelle électrique, les durées d'ostillation de deux pendules
réglés sensiblenent & la néme periode®, 6 Lippmann, Coaptes Rendus de 1'dcadénie des Sciences, 1897,
Paris, (Methods for comparing, with the aid of the electric spark, the durations of oscillations of iwo
penduluns regulated sensibly to the same period), French text,

®
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559, "Sur 1'entretien du mouvenent pendulaire sans perturbation, Entretien du pendule géodésique®, &
Lippnann, Comptes Rendus de 1'Acadénie des Sciences, 1904, Paris, (On the maintenance of pendular motion
vithout irregularity, MWaintenance of a geodesic pendulun), French text,

560, "Action du magnétisme terrestre sur une tige d'acier invar destinée & un pendule godésique®, 6
Lippmann, (lomptes Rendus de 1'Acadéaie des Sciences, 1904, Paris, (Action of terrestial magnetism on an
invar rod intended for use as a geodesit pendulum),

561, "Washington-Paris longitude by radio signals®, & Hill & Littel, Astronomical Journal, 1915, London,

562, "Résultais oblenus avec des pendules magnétiques®, Loctke, Méwoire de I'Académie des Sciences, 1849,
Paris, (Results obtained with magnetic pendulums}, French text,

563, Die Gesamnte, Literatur uber Uhrmacherei und Zertmesskunde, W Loeske, pp 122, 1897, Bautzen, (The
vhole literature on tlockmaking and chrononetiry), The title is no idle boast, and this little book has many
references to electrical horology, these have all been included in this list or the accompanying electrical
horology book list, Page 97 of the book lists most of the electrical horology works up to 1897, German
text,

564, "Conférence internationale de 1'heure", J D Lucas, 1913, Louvain, (International Conference on
Time), French text,

565, "Réception photographique des radiotélégram, et comparaisons précises des pendules astronomiques et des
thronondtres 3 distance™, J D Lucas, pp 45, 3 plates, 1913, Louvain, (Reteiving radiotelegrams photo-
graphically, and precise comparisons of remote tlocks and chrononeters), French text,

566, "The Observatory Time Ball, Cape of Good Hope", Thomas Maclear, pp 2, ANawtical Nagazine, 1852,
London,

567, “Chronoméirie Electrobalistique", H Mahieu, 1885, Brussels and Leipzig, (Electro-ballistic
chrononetry), French text,

568, "Mémoire sur un projet de chronographe éléctromagnétique et son emploi dans les expériences d'artill-
grie®, Martin de Brettes, Mdmoire de ['Académie des Sciences, 1847, Paris, (Memoire on an eleciro-
nagnetit chronograph project and its use in artillery experiments), French text,

569, "Pendule électrique”, Edouard Regnard, ANéwoire de !'Académie des Sciences, 1854, Paris, (Elec-
tric clock), French text,

570, "Mémoire sur la télégraphie électrique & courants continus et & double échappenent et sur 1'horlogerie
glectrique”, Edouard Regnard, pp 46, 3 plates, 1855, Paris, (Memoir on the electric telegraph with
direct and reversing currents, and on electric clockwork), French text,

571, "Mémoire sur la vitesse de propagation des ondes dans les milieux gazeus (appareil enregistreur util-
isant les vibrations isochrones d'un diapason ou d'une lame vibrante ou chronoscope)®, Victor Regnault,
1870, Paris, (Memoir on the speed of propagation of waves in the centre of gases, registering apparatus
using the vibrations of a tuning fork, vibrating spring or chronoscope), French text,

572, "Ein elekirisches Zentraluhrensystem fir Wien", N, Reithoffer, Ver, zur Verbreit Naturv Kenntnisse
pp 20, 2 figs, Not dated, (A centralised electric clock system for Vienna), German text,

573, "Zeitabertragung durch das Telephon, Elektrische Ferneinstellung®",  Clement Riefler, pp 8, 1906,
Berlin, German text, Also printed in Journal Suisse d'horologerie as "Transmission téléphonique de
1'heure, Réglage 3 distance des horloges par 1'électricité”, 1906, Geneva, (Telephone transmission of
time, Regulation of distant clocks by electricity), French text,

.
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574, *Zeitdbertragung durch das Telephon, Elektrische Ferneinstellung®,  Clement Riefler, pp 8, 1906,
Berlin, German text, Also printed in Jowrnal Suisse d'horologerie as “Transmission téléphonique de
'heure, Réglage & distance des horloges par 1'électricité®, 1906, Geneva, (Telephone transmission of
time, Regulation of distant clocks by electricity), French text,

5§75, *Projekt eimer Uhremanlage fur Kgl, Belgische Stenwarte in Uccle®, Clement Riefler, pp 27, 8 figs,
2 plates, 1904, Munich, (Project for accurate time service facilities at Uccle Observatory in Belgium),
German text,

§76, "An account of Mr Ronalds' pendulum doubler of electricity”, Francis Romalds, pp 3, Edinburgh Philo-
sophical Journal, 1823, Makes use of a spring driven pendulum to provide electrostatic charges,

577, "On correcting the rate of an eleciric clock by a conpensation for changes in temperature®, Francis
Ronalds, pp 2, Philosophical Journal, 1815, .

578, "On electro galvanic agency employed as a moving power with a description of a galvamit clock®,
Francis Romalds, Fhilosophical Magazine, pp 3. 3 figs, 1815,

579, "Transmission automatique de 1'heure de 1'Observatoire de Besangon d hdtel de ville, & 1'Université, au
domicile des fabricants d'horlogerie®, A Salet, pp 7, 2 plates, Twentieth edition of Bulletin Chrono-
péirique de 1'Observatoire de Besangon, 1909, Besangon, (Automatic transmission of time from the Besangon
Observatory to the Town Hall, University, and Manufacturers' premises), French text,

580, "On the measurement of time to the one-thousandth of a second”, Ralph A Sampson, pp 23, 2 figs, 14
tables, Monthly Notices of the Royal Astronomical Society, 1918, Edinburgh, Sampson vas the astronomer
in charge of the Edinburgh Dbservatory,

581, "On clock errors and wireless time signals", Ralph A Sampson, Aonthly Notices of the Astronomical
Society, Volume 71, page 90, 1921, Edinburgh,

582, *On the deternination of time at different observatories®, Ralph A Sampson, Monthly Notices of the
Astrononical Society, Volune 72, page 215, Edinburgh, The study of accurate timekeeping by pendulum clocks
vas a speciality of Sampson's and culminated in his testing of the first Free Pendulum clock installed by
its maker, ¥ H Shortt in Edinburgh Observatory, Chrisimas 1921, when its performance proved a sensation,

583, "On the causes of anonalous determinations of time*, Ralph A Sanpson, ANonthly Notices of the Astro-
nonical Society, Volune 85, page 560, 2 plates, Edinburgh,

584, "Mesure de temps & la Physikalisch-Technische Reichsanstalt au moyen d'Horloges d quartz®, A Scheibe,
Journées internationales de Chromométrie, 1939, Paris, (Time measurement at the Imperial Institule of
Physics and Technology by means of quariz clocks), French text,

585, "Die Installation elektrischer Uhrenuanlagen®, & Schonberg, 18 illustrations, Not dated, (The inst-
alation of electric clocks), German text,

586, "Emploi du courant alternif & la transmission des indications d'appareils dont 1'index peut effectuer
des rotations complates, Application & la distribution de 1'heure”, Pierre Séve, C(omples Rendus de 1'Aca-
dénie des Sciences, 1914, Paris, (Use of reversing currents for transmitting indications to apparatus in
vhich the indication can be effected in complete rotations, Application to the distribution of time),
French text,

587, "Wireless Time Signals observed at Ditava 1921-1926", C Smith,  Aublications of the Dominion Observ-
atory at Ottava, Ottava, 1930,

588, "Horlogerie électrique®, Souchet, pp 15, 1 plate, 1902, Angoultne, (Electric clocks), French text,

O
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589, "Das Chronoskop, Instrument zur Bestimmung der Zeit und der Polhéhe ohne Rechnung", C A von Steiheil,
pp 30, 2 plates, 6 tables, 1867, Munich, (The Chronoscope, Instrument designed for neasuring small
intervals of time), Steinheil vas the first to achieve the electrical transmission of time, German text,

590, "Wireless Time Signals observed at Ottawa", M Stewvart, Jowrnal of the Royal Astronomical Society of
Canada, Published for the years 1923, 1924, and 1925, Ottava,

591, "Sur la précision de 1'heure des signaux rythmés du bureau international de 1'heure®, N Stoyko,
Comptes Rendus de 1'Academie des Sciences, 1926, Paris, (On the precision of the time of the rhythaic
signals of the International Bureau of Time), French text,

592, "Sur la précision de la determination de 1'heure et sur les moyens de 1'anéliorer®, N Stoyko, Societé
des Savantes, 1928, Paris, (On the precision of the determination of time and on the means of improving
it), French text,

593, “Sur la précision de 1'heure des signaux horaires el de la détermination des longitudes®, N Stoyko,
pp 7. Bureav Internationale de I'heure, 1930, Paris, (On the precision of the wireless time signals and
the determination of longitude), French text,

594, “Correction définitive des pendules du BIH en 1929*, N Stoyko, Bureaw Internationale de 1'heure,
1930, Paris, (Definitive correction of the International Bureau of Time clocks in 1929), French text,

595, "Thése sur la mesure du temps et les problémes qui s'y rattachent®, N Stoyko, pp 121, 7 figs, 1931,
Paris, (Thesis on the measurement of time and the associated probleas), French text,

596, "Précision de la conservation de 1'heure dans divers Observatoires®, N Stoyko, pp 6, 1932, Paris,
(Precision of the keeping of time in various Observatories), French text,

597, “Quelques remarques sur la marche des pendules®, N Stoyko, pp 3, Not dated, Paris, (Some remarks
on the performances of clocks), French fext,

538, “Etudes des retards dans les appareils d'enregistrements des signaux horaires du BIH®, N Stoyko, pp
8, Bulletin horaire, Volume IV, (Study of the delays in the recording equipment for the time signals of
the International Bureau of Time), French text,

599, "Sur les causes d'irrégularité et d'erreurs de réception des signaux rythmés*, N Stoyko, pp 11,
Bulletin horaire, Volume IV, Paris, (On the causes of the irregularities and errors of reception of the
rhythmic signals), French text,

600, "Sur l'extrapolation de la torrection de la pendule directrice du BIH en 1927 et 1928°, N Stoyko, pp
1. Bulletin horaire, Volune IV, 1930, Paris, (On the extrapolation of the correction of the controlling
tlock of the International Bureau of Time, in 1927 and 1928), French text,

601, "Régularité de narche des garde-temps modernes®, N Stoyko, Jowrndes Internationales de Chronométrie
1939, Paris, (Regularity of rate of modern precision timekeepers), French text,

602, *Sur un chronographe piezoélectrique*, Edgard Pierre Tawil,  (omptes Rendus de 1'Acadewie des
Sciences, 1936, Paris, (On a piezo-electric thronograph), French text,

603, “Notice sur 1'horlogerie électrique systéme Thury®, M Thury, pp 15, 1884, Geneva, (Notice on the
Thury electric clock systea), French text,

604, "Le rdle des horloges publiques dans le probléme de 1'unification de l'heure®, Alfred Ungerer, pp 5,
Congrés Internationale de Chronométrie 1923, 1926, Paris, (The role of public tlocks in the problen of
the standardisation of time), French text, See Tardy for portrait of Alfred Ungerer,
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605, "Le téléchronondtre®, \Ungerer, Congrés Internationale de Chronométrie de 1885, pp 2, 1890, Paris,
(The telechronometer), French text,

606, "L'heure par téléphone", Théodore Ungerer, 1928, Strasbourg, (The time by telephone), Théodore
constructed the monumental clock of Messina Cathedral in 1930, he died in 1935 aged 49 years, French text,

607, "Le remontage automatique des horloges monumentales*, Théodare Ungerer, pp 16, 14 figs, 1928,
Cluses, (The automatic rewinding of monumental clocks), French text,

6§08, "Unification de 1'heure des horloges publiques ou remise & 1'heure électriquement®, Abbé H Vassart,
pp 64, 1879, Roubaix, (Time standardisation of public clocks by hourly setting electrically, [Roubaix is
a small town halfvay betveen Calais and Brussels], French text,

609, "Note concernant le synchronisme de divers pendules', P Verdeil, Cowpies Rendus de 1'Acadenie des
Sciences, 1868, Paris, (Note concerning the synchronization of various clocks), French text,

610, "Description d'une pendule dont 1'électricité seule est la force motrire”, f L Vérité, AMépoire de
1'Acadenie des Sciences, 1853, Paris, (Description of a clock in which electricity is the sole notive
force), Auguste Lucien Vérité was the naker of the astromonical tlock at Besamgon designed between 1865-8,
He sent a communication to the Académie des Sciemces in 1853 about a large regulator with an eleciric con-
stant force escapement, it was exhibited in 1856 and patented, He died in 1887, See Tardy page 639 for his
portrait in middle age, French text,

611, "Sur un moyen d'obtenir un isochronisne parfait pour un nombre quelronque d'horloges relides entre
elles par un fil conducteur de courant électrique®, A L Vérité, Comptes Rendus de |'Acadenie des Sciences,
1863, Paris, (On a means of obtaining perfect isochronism for a number of clocks connected by a wire con-
ducting electric current), French text,

612, *Moyen d'obtenir le synchronisme des heures entre un nombre illimité d'horloges et des pendules®, AL
Yérité, Revwe Chromoméirigue, March 1863, Paris, (Means of oblaining synchronisa of time betveen an
unlinited nunber of clocks and pendulums), Fiench text,

613, "Entretien électrique d'oscillations pendulaires sans contact matériel®, Pierre Vernotte and Jean
Villey, Cosptes Rendus de 1'Acadenie des Sciences, 1925, Paris, (Electrical maintenance of pendular
oscillations without physical contact), French text,

614, “Galvanic Time Signals®, C V Valker, pp 235-289, Sowth Kensington Museun, Science and Art Depart-
aent, Special loan collection, Free evening lectures series, Not dated, tirca 1880, London,

615, "Tine signals for chronometers®, R Wauchope, pp 2, Nawtical Magazine, 1836, London,

616, "Plans for ascertaining rates of thronometers by an instantaneous signal®, R Vauchope, pp 16, |
plate, 1836, Edinburgh,

617, "Description of the electro-magnetic clock”®, Charles Uheatstone, pp 3,  Philosophiral Nagazine,
1841, London, There is mo diagram accompanying the text,

618, "Note sur le chronoscope électro magnetique”, Charles Wheatstone, Wéwoir de !'Acadesie des Sciences,
1845, Paris, (Note on the electromagnetic chronoscope [of Wheatsionel), French text,

£19, A superior eleciric pendulum; and some pendulun equations®, Walter P White, pp 8, 7 figs, 1924,
620, "Elektrische Uhren®, C Erfurth and H Vietz, pp 10, 12 figs, (Electric clocks), German fexti,
621, “Comparaison des garde-temps & 1'aide de fréquences glevées®, Vladimir Yanouthewsky, Journdes Inter-

nationales de Chronométrie, 1939, Paris, (Comparison of precision timekeepers with the aid of high frequ-
encies), French text,

O
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622, "Professor Bond's clock for registering astronomical observations by electricity®, Professor Bond, pp
131-134,  Chamber's Edinburgh Journal, 1851, Edinburgh, A method of registering star transits by a trace
on paper made by seconds pulses from a tlock and by closing a key at the instant of tramsit,

623, "Ober das Project der Galvanischen Uhren zu Berlin®, August Kramer, Dingler's Folylechnische Jourmal,
Volume 121, p 111, 1851 also in ZJeitschrift fir Gross- und Klein-Uhrmacher, p 117, 1853, (On the project
for Galvanic Clocks at Berlin), This was a proposal to have a central transmitting clock with the circuits
divided into separate parts, eath containing a limited number of clocks in series, so that a fault would
only affect the connected clocks in any one circuit, German text,

624, “ttude sur les causes perturbaires de la marche des chronomdtres®, Ansart-Deusy, pp 30, 1858,
Brest, (Study of the disturbing causes to the going of chronometers), The author ascribes electrical and
sagnetic disturbances as causing variations in the rates of chronometers, French text,

625, *Nouveau moyen de transmettre A distance 1'heure rigoureuse®, Rodier, Comptes Rendus de |'Academie
des Sciences, Volume 50, pp B855-856, 1860, Paris, (New methed of transmitting accurate tine to a
distance), French text,

626, "Account of some experiments showing the change of rate produced in a clock by a partitular tase of
nagnetic action®, William Ellis, pp 325-331, FPhilosophical Magazine, Fourth series, 1863, London, The
experinents were to determine if the rate of a pendulun could be suitably adjusted by a permanent nagnet
placed near it, This led eventually to the electrical method by varying the current in an eleciromagnet,

627, "Horlogerie élactrique", L Breguet, pp 432-434, 1llustrated, Les Mondes, 1865, Paris, (Electric
tlockwork), Secondary dials are operated in series by a master clock reversing the current in the circuit
every ninute, An installation in the street gas lamps of Lyons had worked well for several years at the
tine of writing, See May 1987 issue of Clocks magazine for details, French text,

628, "L'horlogerie dans toutes ses parties, y compris les horloges électriques", J Berlioz, pp 51, 12
figs, 3 plates, In Annales et Archives de 1'industrie av XIX siécle ,,, 1867, Paris, (Horology in all
its parts, including electric clocks), French text,

629, "Time-Signalling®, pp 196-199, Chambers' Journal, 1871, London, The article includes mention of a
large nuaber of time-balls and other signalling devices installed all over the vorld,

630, Wissenschaftliche Instrumente ,,, Autorisierter Abdruck aus dem *Amtilichen Berichte dber die Viener
Veltausstellung in Jahre 1873, J Freick, Band 2, Hefi 4, 1874, Braunschweig, Clocks are treated pages
50-65, the most interesting item being an electrically driven marine chronometer, This makes it one of the
earliest electrically driven balance timepieces, German text,

631, "Controlling clocks and time-signals by electricity®, F J Ritchie, pp 531 and 555, English Mechanic
and World of Science, This is from a paper entitled "The Correction of Clocks by hourly currents of elect-
ricity® read before the Royal Scottish Society of Arts, Edinburgh, on 11 March 1878, This gives details of
the early history of Alexander Bain's work, and describes a number of tlocks and systems installed in the
British Isles, See Entry No 24,

632, "Synchronised tlocks", John A Lund, Jowrnal of the Society of Telegraph Engineers, 1882, London,
This was extracted and printed in Journal of the Society of Arts, Volume 30, page 51, See entry no, 242,

633, "On a method of measuring very small intervals of time", Robert Sabine, pp 10, Illusirated, Reprint
from the Fhilosophical Magazine, May 1876, A very early suggestion for making use of the time of discharge
of a capacitor through a resistor, The capacitor was then known as a condenser, and much earlier in the
tentury Professor William Thomson had proved the oscillatory discharge conditions for a capacitor,

634, "Sur le réglage électrique de 1'heure & Paris", Tresca, (omptes Rendus de 1'Acadénie des Sciences
Volune 90, pp 660-665, (On the electrical regulation of time in Paris), French fext,
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635, "Sur 1'enregisirement des batiements de secondes d'une pendule au moyen du microphone® V Meyer, pp
418-432, Archives des Sciences physigues et naturelles, 1881, Geneva, (On the registering of the beats
of a seconds pendulum by means of a microphone), A carbon microphone was fixed to the clock case and the
varying current distributed to the points where the seconds' beat was required, and to a tape registering
the seconds' pulses, French text,

636, “Universal Time: our future clocks and watches®, Norman Lockyer, Jowrnmal of the Society of Arts, Vol-
une 33, pp 172-177 and 182-189, 1885, London, Juvenile lectures delivered at the Royal Institutionm,

637, "Exposé sommaire des travaux qui ont #té faits & 1'Observatoire de Paris sur le reglage électrique des
horloges®, C VWolf, Congrés International de Chronoadtrie 1889, pp 183-188, (Summary of the work done at
the Paris Observatory on the electrical regulation of crlocks), Tvo systems were tested, one regulating all
the clocks at the Dbservatory by one master clock, the other was for the public clocks of Paris, The diff-
erent methods of synchronization tested are described fully, French text,

638, *Comparaison des divers systdmes de synchronisation électrique des horloges asironomiques®, C Wolf,
Coaptes Rendus de 1'Academie des Sciences, 1887, Paris, (Comparison of various systems of electrical
synchronization for astronomical clocks), French text,

639, "Collection de Mémoires relatifes au pendule®, C Volf, pp 226, 7 plates, 1889-1891, Paris, (Coll-
ection of memoirs relating to the pendulum), French text,

640, NAWCC Thirty-Second National Convention Catalogue, Los Angeles Chapter, 1976, Page 59 shows an
electric digital regulator made by the Thrasher Clock Co,, Manchester, Comnectitut, the movement is illusi-
rated; also a Murday Balance Wheel clock with glass dial, and a wall timepiece by Leroy & Cie, circa 1890,

641, "Mesure des petits intervalles de temps®, J Granier, Ammales Franpaises de chronoméiris, Besangon,
(Measurenent of small intervals of time), French text,

642, "Les Petites Machines électriques®, Henry Lanoy, No date, (Small electrical machines), French texti,

643, "La pendule élecirique Ato-Radiola & remise & 1'heure automatique par TSF, Marius Lavet, (The Ato-
Radiola electric clock reset at the hour by radio-telegraphy), Trade panphlet, French text,

644, "New slave device for free pendulue®, H H Neuville, Horological Journal, p 122, & figs, 1950,

645, "Extrait du mémorial de l'artillerie et de la marine, Notice sur le chronographe & diapason et étin-
telles d'induction (systéme Schultze)*, Moisson, 1875, Paris, (Exiract of a memorial of the artillery
and navy, Notite on the tuning fork chronograph and induction sparks, Schultze sysiem), French text,

646, "Thirty-hour long-case clock converied to electric rewind', F Short, p 1, Horolegical Journal,
Volume 93, 1951,

647, Manuel pour le professeur et Guide pour 'apprenti, avec preparation pour 1'exawen théorique, H
Sievert, pp 562, 193 figs, 14th edition, 1938, Berlin, French and German editions, (Manual for the
teacher and apprentice, with preparation for the theoretical examination), Includes section on electric
horology, See Entry No 678, French and German texts,

648, Maintenance and Servicing of Electrical Instruments, James Spencer, Second edition, Denver, USA,

649, Correspondence Course in Horologital Salsmanship, British Horological Institute, Circa 1960, There
are a number of references in this course to electric clocks, particularly lessons 2, 11 and 12, vhich cover
the history of electrical horology quite well, plus illustrating the personalities involved and contemporary
tlock designs, The details on Frank Hope-Jones are good,

650, "The Tine-Ball Tower - Signalling at Sea, Semaphores and Satellites, at Deal, Kemi®, & page folder,
1985, Describes the Deal time-ball tower, the exhibition of signalling and the Post Dffice speaking clock,
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651, "Lecture on Electric Clocks®, Jokyo Electric Company, pp 30, 1933, Tokyo, Japanese text,

652, "Electrifying Time", Admission card for tvo, dated 15th December 1976, for the 'Electrifying Time'
exhibition held at the Science Huseus, London, December 1976 to May 1977, Attendance over 100,000 visitors,

653, “Electrical Horology Group®, Menu card for the 10th Anniversary Luncheon at the Bellhouse Hotel,
Garden Suite, Beaconsfield, Buckinghamshire, 15th September 1980, After dinner speech by Charles K Aked,
founder and first Chairman, on how the Group came to be formed and the history of its first ten years,

654, “Stable Clotks", 6Gillett & Johnston, Two page panphlet serial number (64,5) X, illustrating a small
turret clock which is driven by synchronous motor, or quartz crystal remote control GMV with battery back-
up, and radio Signal Control (Rugby) RMV, Dials of fibreglass in blue or black, 22 caral gold leaf marks
and hands, Not dated, but issued in the mid-1970's,

655, Electric Clocks, F Hope-Jones, 1931, London, In the copy held by the Institution of Electrical
Engineers Library, London, vas a message from the donor (F Hope-Jones) *The brutal non possumus decorated
vith aristocratic wit®, The words are to be found also on page 9 of the book, In the second edition of the
book Electrical Timekesping, published May 1949, the copy is inscribed; “May 1949, For the Library of Inst,
of Elec, Engineers from the Author - Frank Hope Jones, (Received 10 May 1949), Inside the book is a note
vritten in Hope-Jones' own hand: “Just 50 years after reading my first paper before the Institution, I
present another Book to the Library, telling how electrical time service has been established as a respect~
able branch of the Profession and how electric tlocks keep the time of the world in its Observatories®, All
the books on electric clocks in the Institution of Electrical Engineers Library vere donated by Frank Hope-
Jones, and these have been plated in store and are not available on the shelves, At a visit on 7 August
1968, there were only four books on electric clocks in the whole of the IEE Library shelves!

656, "Electricity, Magnetism and Clocks®, Charles K Aked, Jowurnal of the Royal Naval Scientific Service,
Volume 26, No 6, pages 386-400, History of electrical timekeeping from its origins to the caesium tlock,

657, “Letier to the Royal Society, London, from Alessandra Volta, dated 20 March 1800, concerning his
voltaic cell®, This was read to the Society 26 Jume 1800, and printed in Philosphical Transactions, Volume
XC, pp 403-3}, This was the beginning of current electricity generation by chemical means although Volta

.. had made. his discovery.almost ten years earlier, the run-on effects completely changed the world,

658, "An Account of Mr Ronalds' Pendulun Doubler of Electricity®, Fdinmburgh Fhilesophical Journal, Volume
9, pp 322-5, 1823, Edinburgh, This uses a mechanically driven pendulum to continually double the electric
tharge to energise a conductor, used in Ronalds' telegraph system tested in his Hammersmith garden in 1814,

659, 3 Malines, 6randes Horloges publiques réglées par électricité”, Moeremans Michiels, Editor, pp 19,
Not dated, (At Malines, Large Public Clocks requlated by electricity), Malines is a small Belgium town
about halfway between Antwerp and Brussels, French text,

660, "German Clock and Watch Industry - Government Reports" 6German Quartz Clocks, No date, German text,

661, "Die Elektrische Uhr", Christopher Arzberger, opp 16, 7 figs, 1870, Brinn, (The Electric Clock),
German text,

662, "Ober elektrische Uhren®, Christopher Arzberger, pp 8, 4 figs, 1871, Brinn, (On Electric clocks),
German text,

663, "A Clock-Controlled Tuning Fork as a Source of Constant Frequency®., J & Ferquson, Western Electric
Company Engineering Departsent reprint B,56,1, dated February 1924, from The Rell System Technical Journal
Volume III, No 1, January 1924, pp 13, 5 figs, This deals with the method of obtaining a constant frequ-
ency from a tuning fork by synchronising it with a standard tlock, in this case a Leroy et Cie, Paris, elec-
trically driven and beating half seconds, The authors seem unaware of the work of W H Shortt, Also des-
tribed is the use of a photo-electric cell for obtaining electrical impulses directly from the pendulum,
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664, "The 'Pulsynetic' System and its place in the History of Electric clocks®, An introductory study®, D
J Bird, pp 467-478, 9 figs, Antiquarian Horology, Voluee 16, No 5, First part of two-part article,

665, Electrical Horology Group Report - Annual General Meeting 29 November 1986, Antiquarien Horology,
Volume 16, No §, pp 490-491, 1 illustration showing time-ball operating mechanism, Write-up of lecture by
A Mitchell, (Another applitation of a Shepherd electric clock to provide standard time),

666, The Electric Clock at the 6reat Exhibition", Mechanics' Magazine, Volume 54, No 1, pp 212-213, 1851,
London, Brief description of the principles of Shepherd's electrit clotks and the arrangements at the exhi-
bition, the large dial had eight eleciromagnets wound with one hundred and forly pounds of copper wirel

667, The (rystal Palace and its Contents, An Illustrated Cyclopaedia of the reat Exhibition of 1851, pp
369-37}, Contains an article on Shepherd's Electric Clock, 3 illustrations, 1852, Lendon, It is bel-
ieved that the connections were cut on several occasions, the actual pendulue master worked quite well,

668, The Bashforth Chromograph, Francis Bashforth, 1890, Cambridge, Chapters I-III cover the Ballistit
. Pendulun and mention of chronographs including Wheatstone's and Breguei's, a description of Bashforth's own
chronograph, and experinents with it, The only exasple of Bashforth's chronograph is in the Science Museun,
London, A heavy flywheel is spun by hand, or by a weight, this drives a recording tylinder, the surfate
carries a calibrated paper chart on its surface, the trace on which is deflected by markers, one by a half-
seconds pendulum, the second by electrical contacts fitled in firing screems being separated, which
indicates intervals of time for the passage of projectiles, Bashiorth was the most successful exponent in
this field of Ballistic Science,

669, The Mechanic's Friend: a collection of receipts and practical suggestions relating to ... horology,
etc. VE A Axon, 1875, London, pp 160-163 gives an account of Bright's perpetual motion clocks based on
Bain's toggle switch model of 1843, 1t states that the friction of the switch is so low that eight or ten
such tlocks can be driven from one earth battery, the secondary clocks are preferably pendulum clocks, Four
such clocks at Leamington had worked for four years on an old batiery previously in use for twenty years!
Another installation of three tlocks worked from a gas pipe and a piece of toke, five clocks were working at
the Gun Cotton Dffice, 173 Fenchurch Street, London, pp 303-304 details how to make an earth battery using
plates of copper and zinc one foot square buried four feet deep in the ground, pp 309-310 gives details of
hov to make an electromagnetic clock pendulum of the Bain pattern, this uses a platinum ball for the contact
svitch, no details are provided for the propulsion of the tlock train,

670, “Versuche dber elektrische Uhren®, J Brinn, pp 15, 1 plate, 1875, (Opladen, (Trial upon an
electric clock), Description of an electric tlock made by Tiede in 1864 for the Berlin Observatory and also
several of the electric clocks devised by Brinn hinself, German text,

(671, Favorite Tools and Equipment,  Bolay-Buchel et Cie SA, Lausanne, Switzerland, Calalogue includes
demagnetisers, timing machines, and plating machines, Not dated but before quartz crystal or electrical
vatches appeared, mid-1950's,  English text,,

672, "Patent Specification 22858 - Electrirally Synchronised Clocks®, Bahne Bonniksen and F A Chandler, 2
plates, 1903, London,

§73, Table Clocks, Jaeger-Le-Coultre - Makers of the world's most remarkable timepieces, f catalogue which
shows electrical timepieces pp 51-58, Catalogue isued 1966, The clocks all have transistorised battery
driven movements, The designs are not outstanding examples of artistry,

674, *Special types of Victorian Clock", The Country Life Book of Clocks, Edward T Joy, 1967, London,
p 90 quotes: °,,, following Alexander Bain's pioneer application of electricity to horology in 1840,
various systeas of control from a master clock could be transnitted by electric current to towns, railvay
stations, etc, to synchronise regulators, until the broadcast of the Greenwich time signal by radio in the
1920's performed this function, Page 91 mentions the Shortt Free Pendulum Clock ‘perfected from 1921-4' and
‘receiving an ispulse every half minute from an electric slave clock', also synchronous clocks,

O
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675, "On Improvements in Electric Clocks and the means of working the Greenwich Time Signals®, Charles
Shepherd, Jowrnal of the Society of Arts, Volume 1, pp 85-88, 1883, This outlines Shepherd's method of
using an electro-nagnet to 1ift a weight or bend a spring for impulsing the pendulum, thus making the
impulse independent of the battery voltage, He also describes the devices for t{ransmitting time up to ten
niles from Greenvich, and for releasing a Time Ball at Greenwich,

676, Exposition universelle de 1855 ,,, ., Alexandre Mathieu, pp 12-31, 1856, Paris, (Universal Exhibit-
jon of 1855), A considerable number of electric clocks vere shown by several different makers, either elec-
trically driven or transaitiing pulses of current, French text,

677, "Principes de 1'emploi de la division décimale du jour, aux mesures, électromagnetiques®, Dr J de Rey-
Pailhade, pp 12, 1901, Toulouse, (Principle of the use of the decimal division of the day, to electro-
magnetic measurenents) French text,

678, Leitfaden fir Uhrmacher ,,, Hermann Sievert, This general book on horology from the 14th edition of
1910 onwards, and its translations into French and ODutch texts, includes a section on electric clocks,
(Clockmaker's Guide), German text,

679, "Horloge électrique”, M Thury, pp 7, 2 figs, Congrds de chronosdtrie de 1900, 1902, Paris,
(Electric clock), French text,

680, L'Electricitd dans la maison wodern, Froduction du courant ,,, Horloges, Coustet, 1900, (Elect-
ricity in the modern house, Production of electricity ,,, Clotks), French text,

681, Pawl Philip Parraud, Cedric Jagger, 1968, London, pp 68-70, This outlines John Alexander Lund's
systen of setting clocks at the hour by electromagnetically operated clips acting on the minute hand when
nominally at the hour, Alternatively the clips could act on an arm fixed to the minute hand arbor, Although
nost of the delails come from the pamphlet On Horological Telegraphy .., see item no's 23 and 242; there is
interesting information on the systen and its use up to 1941 until destroyed by ememy bombing, It vas ren-
eved and in use until 1964, There is no illustration given in this account, a pity since it is the most
tomplete description to be found othervise, Patent No 3924 of 1876 tovers this systen of synchronization,
Lund's systen vas taken over by the Standard Time and Telegraph Company about 1883, see next entry,

682, Faul Fhilip Barraud, Cedric Jagger, 1968, London, p 202, The Supplewent, 1979, Ticehurst, This
illustrates the Barraud and Lund's patent method for synchronizing clocks, being an advertisement taken from
the Horological Journal for April 1878, ie near the date when the patent was granted, The system could deal
vith both gaining and losing rates, see nexi entry,

683, "Public Time Signals for Vatchmakers' Shops", p 593, Horological Journal, Volume 100, No 1200, Sept-
enber 1958, Centenary Number, This is a letter from T R in the April 1891 issue, it mentions the Standard
Time and Telegraph Conpany service and shows an engraving of the apparatus supplied to customers' premises
{usually installed in the shop window to provide a service to the public), On the left side of a clock dial
is an electric bell surrounded by a circular border inscribed "Hourly Breenwich Time Bell®, on the right
side is a similar border inscribed "Hourly Greenwich Flashing Signal®; under the tlock itself is "Greenwich
Nean Time", The flashing signal consisted of a red disc normally seen edgevise, on receipt of the time sig-
nal fron Greenwich it vas rotated through 90* and showed the full red face for two seconds, It was a vers-
ion of J A Lund's patented flashing light signal, The firm is stil in existence,

684, "Cuts from Past Journals®, pp 582-3, Horelogical Journal, Volume 100, No 1200, September 1958, p 582
shows the chronographer equipment at the Genmeral Post Dffice at St Martin's-le-Grand, this equipment dis-
tributed time signals over the Post Dffice wires in London and to over one thousand towns al 10 am or 1 pm,
or both times, It refers here to a zinc current and a copper current, Greenvich mean time was also sent to
the WVestminster clock tower, Page 583 illustrates the instrument installed in 1862 for giving hourly
signals to the British Horological Institute headquarters in Northampton Square, In actual fact the hours
of 2 and 8 pm were reserved for the Institute, conveyed by a wire laid along the South Eastern railway
track, The instrument, a simple vertical galvonometer, was installed in the Institute Council Chamber,



46

685, "Détermination par TSF en 1913-1914 de la différence de longitude entre les observatoires de Paris et
de Vashington®, W Reman pp 67, Bulletin Astronomique, 1916, Paris, (Deternination by wireless telegraphy
in 1913-1914 of the longitude differente between the Paris and Vashingon Obervatories, French text,

£86, "Time after death®, AHorological Journal, Novenber 1893, This reports the American gentleman who had
decided upon having a clock fitted in his coffin which vas to be connected electrically with a public clock
50 as to keep it going vithout the need for being wound up, No details available on subsequent events,

687, "Electric Watches®, p 580, Horological Jowrnal, Volume 100, No 1200, September 1958, Item extracted
from the March 1888 issue, 'A German paper announces that a company has been formed for the manufacture of
vatthes to be actuated by electricity, The case contains two small cells and a small electric motor actua-
ted by a make-and-break movement, Vatches of this type have already been nade, but have never hitherto been
recarded as anything more than turiosities', See next entry,

688, Les Merveilles de L'Horlogerie, p 165-166, Camille Portal and H Graffigny, 1888, Paris, ‘'The day
vhen a watch marks the time that electricity takes to cover a kilometre, then will timekeeping have neared
the summit', (A time of 3,333 microseconds), 'The concept of applying electricity ... is, however, limited
to fixed dials and clocks, and that never, for example, tan il be made use of in a portable electric watch',
It took only about sixty years to prove this forecast Lo be completely wrong, French text,

689, *Timing Races®, Horological Journal, August 1886, A subscriber, Charles E Epprer, enquired how the
University Boat Race was timed, the reply by 'Niarod' includes the proposal of a fev years previously of
having an electrically operated chronograph at the winning post, started by a current carried through a wire
from the starting position, Evidently the expense of the wire put paid to the schene,

690, “Quartz Accuracy for old Turret Clotks®, p 32, Aorological Journal, July 1983, The MCT 128 quartz
master tlock manufactured by Minerva SA, Villeret, Switzerland, This has a stepping unit for the crutch and
an accuracy of % 0,5 seconds a month is claimed, A display panel on the main unit indicates the time by
LED's, pp 16-7 give a short history of the AVIA electric vaich and later developments, with one of the
early advertisments for Avia electric vatches, pp 24 and 37 carry a review by Tylden Reed of the 'Versitest
Electronit Multineter' for testing quartz crystal watches,

691, Die Uhr, Anton Libke, 1958, Disseldorf, pp 379-392, and 403-407, 9 figs, A good ctoverage of the
subject of electrical horology up to 1957, Shepherd's dial at Greenwich shown p 414, German text,

692, Frix-Courant de 1a Fabrique de Télégraphes & Appareils 8lectriques fondée par N Hipp en 1860, Peyer,
Favarger & Cie, Neuchdtel, 1890, (Current prices of the Manufactory of Telegraphs and Electrical Apparatus
founded by M Hipp in 1860), A 40 page catalogue of products and prices which contains many interesting
details connected vith Hipp installations, the principal installations of the Hipp system pp 5-7, and over
40 illustrations of clocks and accessories, An excellent source of information, French fext,

693, "Instructions générales concernant 1'Entretien d'un systéme d'Horloges électriques (construction Hipp)
actionnd par un régulateur (horloge-mdre) & # seconde®, pp 7, 14 figs, (6emeral instructions toncerning
the maintenance of a system of electric clotks (Hipp construction) energised by a regulator (master clock)
beating half-seconds, This is a document hand writien in good clear writing, It deals with A the regul-
ator, B the cells, C the wires, breaks in the circuits, abnormal resistance, and insulation faults; D the
secondary clocks, The second part covers the same ground in technital detail, describing how the pendulun
is maintained in motion, the mechanism of the secondary clocks, the device for reversing the current at each
pinute and the commutator for switching the group circuits for the clocks, resetting of the secondary
tlocks, installation of the reguiator, batteries and details of the interconnecting circuits, French text,

694, *Df the experiments made by some gentlemen of the Royal Society to neasure the absolute velocity of
electricity®, Hutton et al, p 503, Philosophical Transactions, Volune 3, 1809, These were the experiments
performed by Dr William Watson in 1748 and 1749, atiended by the President of the Royal Society, Astronomer

. Royal, Mr Ellicott and Mr George Braham, The tests were tined by one of Nr Grahan's best second-watches,
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€95, “A Chronoscopit Conundrum®, V K Chew, pp 19, Read by Dr D Vaughan at the Science Museum, 4 December
1971, on behalf of Mr Chew, @ good anmalysis of the chronoscopes in the Time Gallery of the Science Museum,
London, 43 references are listed on pages 17-19,

696, "Handbills issued by the Great Vestern Railway giving the velocity of electricity in the telegraph
vires", Reproduced in The Telegraphic Journal, Volume 4, pages 170-1, 1876, London, These were prinied
to exploit the fact that the railway telegraph had been responsible for apprehending the murderer Tawell by
notifying Paddington station that he was on the train travelling from Slough, the message passed him on his
journey, The speed of electricity was quoted as 280,000 miles per second, (Wheatstone's estimate),

697, "An account of several nev instruments and processes for determining the constants of a voltaic circ-
uit®, Charles Wheatstone, pp 303-327, Philosophical Transactions, Volume 133, 1843, London,

698, "An account of some experiments to measure the velocity of electricity and the duration of electric
light®, Charles Wheatstone, p 583, Fhilosophical Transactions, Volume 124, 1834, London,

699, "Application of electromagnetism to chronoscopy®, Siemens, p 48, Fortschritte der Fhysik in Jahre
1845, 1847, Berlin, In this Siemens states that Gemeral Peuker was the first to apply electromagnetisa to
a chronoscope for starting and stopping it, The date was 1835 but Gereral Peuker published nothing of his
vork, V¥heatstone claimed priority of invention for the electric chronoscope, German text,

700, "Adelaide Gallery of Practical Science", p 279, [llustrated London News, Volume 54, 1869, London,
This was the scene of Alexander Bain's early introduction to electrical stience and his triumphant exhibit-
ion of his electric clock and printing telegraph, at which John Finlaison first made Bain's acquaintance and
becane his champion against Wheatstone, The illustration of the gallery is as it was in its heyday,

701, *Télégraphes électriques”, Quetelet, p 1313, Bulletin de 1'Académie Royale des Sciences, Volume 2,
1840, Brussels, (Electric telegraphs), Wheatstone visited Brussels in 1840 and described his thronoscope
fo M Quetelet, The latter delivered a paper on it to the Brussels Academy, he thought the precision would
be about 1/100 of a setond when eaployed to measure the velocity of projectiles, French text,

702, "Vheatstone-Breguet controversy®, Abbé Frangois Napoléon Marie Moigno, Traité de télégraphie élec-
trigue, Second edition, 1852, Moigno suggests that the difficulties in the controversy about the chrono-
scope were due to Konstantinoff who had purchased a chronoscope in 1843 from Vheatstone on condition that he
did not publish a description of the instrument until Wheatstone himself had dome so, Konstantinoff vas a
taptain of artillery in the Russian Isperial Guard, French text,

703, “Das Vheatstone's Chronoskop, verbessert von Uhrmacher Hipp in Reutlingen®, Oelschliger, p 140,
Dingler's Journal, Volume 110, 1848, Stuttgart and Tibingen, (The chronoscope of Wheatstone, improved by
the clockmaker Hipp in Reutlingen), Oelschliger complained that Wheatstome's chronograph was useless for
verification of the lavs of gravity, the reason being that Wheatstone's chronograph was inarcurate until it
had been running for at least half a second, Oelschldger obtained a better chronoscope from Hipp which
tould read to 1/500 second and was arranged to run before the test started, the indicating hands being
connected to the movement by an electromagnetic clutch, The Hipp instrument cost 66 florins, the English,
and vorse in performance, cost 144 florins, Similarly Konstantinoff turned to Breguet for a better instru-
aent, although for somevhat different reasons, German text,

704, *Das Hippsche Chronoskop, zur Messung der Fallzest eines Korpers und zu Versuchen uber die Gestwind-
igkest der Flintenkugen®, Oelschliger, p 285, Qinglers Journal, Volume 114, 1849, Stutigart and Tibbin-
gen, (The Hipp Chronoscope, for measuring the fall of bodies and the velocity of projectiles), A second
acoount by Oelschliger describing hov he managed to get useful results with Hipp's chronoscope, He states
‘1t vorked with such elegance and precision during a run that not the slighest deviation from unifora motion
is perceptible, which is clear from the pitch of the note given by the characteristic escapenent', Like
Wheatstone's chronoscope, a reed was used to allow the train to run at the correct speed, the vibrations of
vhich gave an audible note, [A forerunner of the tuning fork oscillators and timepieces], Gersan text,
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705, *Chronoscopes and Chronographs®, Time Measurement, F A B Ward, 1966, London, pp 106-8 of the cat-
alogue of the Time Collection deal with these devices, the Hipp Chronoscope owned by Charles Wheatstome is
illustrated in plate 12 opposite page 73, a very fine piece of workmanship, The Bashforth thronoscope is
also described, Most of the explanations are at the popular elementary level,

706, "Ober die Messung kleiner Flugzeiten von Geschossen mitielst bewegter Elektricitat®, p 93, Kahl,
Zeitschrift fir Nathematik und Physik, Volune 7, 1862, (On the measurement of small time intervals of pro-
jectiles in flight by means of electricity), This is a reviev of all the known methods of measuring the
velocity of projectiles, Kahl mentions that he does not favour fast running tlocks, of which Whealstone was
the originator, He states that Hipp (mispelt as Hill), improved the Wheaisione chronoscope so that one hand
indicated 1/10 seconds, the other 1/1000 seconds, but that the instrument was not independent of the time
for the controlling electromagnet to energise and de-energise - 'so it is doubiful if good results could be
obtained with its use, Vheatstone appears to have overlooked this aspect entirely, Kahl appears to have
used Martin De Brettes' articles in the Jowrma! des Armes Speciales in 1853 as source material, see also
Entry No 568, De Breties also misspells Hipp as Hill, German text,

707, *Studies of the electromagnetic instrunents designed for use in experiments on artillery in England,
Russia, France, Prussia, Belgium, Sweden ,,, ", Mariin de Bretles, 1853, Paris, De Breties vas a taptain
in the French Artillery, who in the course of studying ballistits, had invenied a chronoscope, He devotes a
chapter on the Wheatstone chronoscope as modified by Hipp, and gives an illustration of the Hipp instrument,
There is a Hipp chronoscope in the Science Museum, London; il was part of the Wheatstone collection given to
the Stience Museum by King's College, and appears to have been acquired by Wheatstone in 1850, De Brettes
ends his account 'Mr Wheatstone regards this apparatus as giving very precise results, ,,,' French text,

708, Traite d'électricité et de Nagnetisme, A C Béquerel & E Béquerel, p 367, Volume 3, 1856, (Treatise
of Electricity and Magnetism), On this page is the statemeni: 'M Hipp has modified the chrononeter of M
Vheatstone in constructing the clock in such a vay that its rate does not change whether the indicaters are
in motion or at rest ... Vith this modification M Vheatstone regards the apparatus as very exact', This
statement, almost identical to that of De Bretles', indicales a common source, possibly an unrecorded manu-
script of Charles Wheatstone's, French text,

709, *Chronoscopes et Chronographes €lectriques®, Exposé des Applications de l'¢lectricitd, Th Du Moncel,
Third edition, 1885, (Electric chronoscopes and thronographs), pp 183-302 cover the subject of electrical
thronographs in great detail, On page 253 is mention of trials by Wheatstone at Voolwich in 1858 to measure
the initial velocity of large shells, using the latest arrangement of his chronoscope, This is believed to
have had a vernier adjustwent of the vibrating reed by bloving air over it to increase or decrease its
frequency very slightly, There are no records nov extant of these trials, French text,

710, *The Evolution of the Quartz Crystal Clock®, Lecture given by V A Marrison to the British Horologital
Institute on 6 November 1947 and reported in full in the Horological Journal from the May to October 1948
issues, The relevant pages are: May - pp 274-277, Jume - pp 342-345, July - pp 402-407, fugust - pp 460-
466, September - pp 529-532, October - pp 588-592, This tovers the vhole gamut of timekeeping up to atomit
clocks and is a vonderful exposition by the man who received the Institute's Gold Medal for his achievements
in precision timekeeping, There is a reference list of works totalling 140 items at the end of the series,
those not already included in this list will be incorporaled, Note that Marrisen's listeners, in general,
had no conception at the time that his vork was spelling the death knell of nechanical horology,

711, "Mémoire sur 1'étude optique des mouvements vibratoires”, Jules Lissajous, p 721, Comptes Rendus de
1'Acadénie des Sciences, Volume V, 6 fpril 1857, Paris, (Memoire on the optical study of vibratory move-
pents), French text,

712, *On the chararteristics of electrically operated tuning forks®, H M Dadourian, pp 337-359, Physical
Review, Volune 13, May 1919,

713, "Isochronous and Synchronous Movesents for Telegraph and other Lines®, Paul la Cour, VS patent No
203423 filed 23 April 1878,

&
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714, "Roue phonique pour la régularisation du synchronisme des mouvements', Paul la Cour, pp 499-500,
Comptes Rendus de 1'Académie des Sciences, Volume 87, 25 September 1878, Paris, (Phonic wheel for the
regulation of the synchronisa of movements), French text,

715, "Report of Physical Society Meeting of 30 March 1878°, p 111, ANatwre, 23 May 1878, This includes a
reference to Lord Rayleigh's impulse motor, London,

716, "Nouveaux modes d'entretien des diapasons®, A & V Guillet, pp 1002-1004, Comples Rendus de 1'Acad-
éaie des Sciences, Volume 130, 9 April 1900, Paris, (New ways of maintaining the motion of tuning forks),

17, The Enission of Electricity from Kot Bodies, 0 W Richardsen, 1916, London,

718, "On electric discharge between electrodes at different temperatures in air and high vacuo®, J A
Flening, p 122, Froceedings of the Royal Society, Volune 47, 1890, London,

719, “The Audion - A Nev Receiver for Wireless Telegraphy", Lee De Forest, pp 735-779, [Transactions of
the American Institution of Electrical Engineers, Volume 25, 1306, An account of the research leading to
the introduction of the third electrode in a thermionic valve, It is also noted in the Electrician, Volume
58, 1906, pp 216-218,

720, *Device for amplifying feeble electrical currents®, Lee De Forest, VUS Patent No 841387, issued Jan-
uary 1907, This employs the audion valve in an aaplifying circuit,

721, °*Einrichtung zur Erseugung elektirischer Schwigungen®, Sigmund Strausss, fustrian Patent No 71340,
filed December 1912, granted June 1915, (Regulation of electrically produced oscillations), German text,

722, “Improvements in receivers for use in wireless telegraphy and telephony", Marconi Wireless Telegraph
Company and Charles Samuel Franklin, British Patent No 13636, filed June 19134, granted June 1914,

723, "The use of the triode valve in maintaining the vibrations of a tuning fork®, ¥ H Ectles, p 269,
Proceedings of the Physics Society, Volune 31, 1919, London,

724, “Sustaining the vibration of a tuning fork by a triode valve®, ¥ H Eccles and F ¥ Jordan, p 704, Jhe
Electrician, Volune 82, 20 June 1919, London,

725, "Sur l'entretien des oscillations méchaniques au moyen de lampes a trois électrodes®, Henri Abraham
and Eugene Bloch, pp 1197-98, (osples Rendus de 1'Académie des Sciences, Volune 168, 16 June 1919, Paris,
French text,

726, *An electron tube tuning fork drive®, E A Eckhardt, J C Karcher & M Keiser, pp 949-957, JOS4, No 6,
Novenber 1922, London,

727, *The valve naintained tuning fork as a primary standard of frequency®, 0 ¥ Dye & L Essen, pp 285-306,
Proceedings of the Royal Society, Volume 143, 1934, London,

728, *Tuning forks", H H Hagland, US Patent No 1,715,324, filed June 1925, granted May 1923,

729, *A Mechanical Oscillator of Constant Frequency”, August Karolus, US Patent 1,763,853, filed November
1927, granted June 1930,

730, *Compensated Tuning Fork®, Bert Eisenhour, US Patent 1,880,923, filed September 1930, granted October
1932,

731, *Tuning Fork", § E Michaels, US Patent 2,247,960, granted | July 134},

732, "A deteraination of some of the properties of the piezoelectric quartz resonator®, Karl § Van Dyke,
Proceedings of the Institution of Radio Engineers, Voluse 23, No 4, April 1935, London,
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733, *The high Q of quartz resonators®, Maynard Waltz & K 8 Van Dyke, p 732, Journal of the Acoustical
Society of America, Volume 19, No 4, Part 1, July 1947,

134, 'Deve!bpnent par pression, de 1'électricité polaire dans les cristeaux hemiedres a fates inclinées®,
Jaques & Pierre Curie, p 294, (Cosptes Remdus de 1'Académie des Sciences, Volume 91, 1880, Paris, (Gener-
ation of polarised electricity by pressure in hemihedral crystals with inclined faces), French text,

735, *Défornations éléctrique du quartz", Jaques & Pierre Curie, pp 914-917, Comptes Rendus de 1'Acadénie
des Sciences, Volune 95, 1882, Paris, (Electrical deformation of quartz), French text,

736, "The electrical network equivalent of a piezoelectric resonator*, K § Van Dyke, p 895, Physics
Review, Volume 25, 1925, London,

737, *The piezoelectric resonator®, W & Cady, pp 63-114, Proceedings of the Institution of Radio
Engineers, Voluse 10, April 1922, London,

738, "Piezoelektrische Resonanzerscheinungen®, A Scheibe, Zeitschriift fur Hochfrequenztechnik, Volume 28,
No 1, 1926, (Piezoelectric resonant ostillations), German text,

739, *Bibliography on piezoelectricity®, W 6 Cady, pp 521-535, Proceedings of the Institution of Radie
Engineers, Voluae 16, 1928, London,

740, *Quartzoszillatoren®, R Bechmann, pp 36-45, Telefunken Zeitung, Volume 17, March 1925, (Quartz
oscillators), German text,

741, *Sur un nouvel enploi des quartz piezoélectriques®, 6 Siadbei, p 1390, Comptes Rendus de 1'Acadénie
des Sciences, Volume 183, May 1929, Paris, (On a nev use for piezoelectric quartz), French fext,

742, "An international comparison of frequency by means of a luminous quartz resonator', pp 1930-1934, §
Jinbo, Proceedings of the Institution of Radio Engineers, Voluse 18, 1930, London,

743, *An international comparison of radio wavelength standards by means of piezoelectric resonators”, W 6
Cady, pp 805-816, Proceedings of the Institution of Radio Engineers, Volume 12, December 1924, London,

744, *The status of frequency standardisation®, J H Dellinger, pp 579-592, Proceedings of the Institution
of Radio Engineers, Volune 16, No 5, May 1928, London,

745, *Precision determination of frequemcy*, J ¥ Horton & ¥ A Marrison, pp 137-154, Proceedings of the
Institution of Radio Engineers, Volune 116, February 1928, London,

746, "Sur le mésure absolue des périodes des oscillations #lectriques de haute fréquence, Henri Abraham b
Eugen Bloch, pp 1105-1108, Comptes Rendus de ['Académie des Sciences, Volume 168, 1919, Paris, (On the
peasuresent of the absolute value of the period of electrical oscillations of high frequency), French text,

747, “Frequency denultiplication”, Balth Van de Pol b J Van der Mark, pp 363-4, WNature, Volume 120,
September 1927, London, ‘

748, “iber Relaxationschwingungen*, B Van der Pol, Jr, pp 114-118, Zeitschrift fir Hochfrequenztechnik,
Volume 29, April 1927, (On Relaxation Ostillators), Gernan text,

749, *Nodern developrents in precision clocks, Alfred L Loomis & V A Marrison, pp 527-537, [ransactions
of the American Institution of Electrical Engineers, Volune 81, June 1932,

750, "The precise measurement of Time, A L Loonis,  ANonthly Notices of the Royal Astronomical Society
Volune 91, March 1931, London,
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751, *The Spark Chronograph', W A Marrison, pp 54-7, Bell Laboratories Record, Volume 18, No 2, October
1939, USA,

752, "A new quartz crystal plate, designated the 6T, which produces a very constant frequency over a wide
temperature range", W P Mason, pp 220-3, Proceedings of the Institution of Radio Engineers, Volume 28, No
§, May 1940, London,

753, "The bridge stabilised oscillator®, L A Heachan, pp 1278-1294,  Proceedings of the Institution of
Radio Engincers, Volume 26, No 10, Dctober 1938, London,

754, "Electronic Counters", J E Grosdoff, pp 438-447, ACA Review, Volume 7, No 3, Sepiember 1946, USA,

755, "Method and Means for Indicating Synchronisn”, ¥ A Marrison, US Patent No 1,762,725, filed March
1928, granted 1930,

756, "Split second time runs today's world", F Barrows & Catherine Bell Palmer, p 402, The National
Beographic Nagazine, Volume 92, No 3, Sepiember 1947,

157, "Frequency and Time Conirol Aided by Telephome Company®, H C Forbes & F Zaugbaum, pp 117-118,
Electrical World, 30 January 1934,

158, °Eine Quarzuhr fir Zeit -und Frequenzmessung sehr hoher Genauigkeit", A Scheibe & U Adelsberger, pp
835-841,  Fhysikalische Zeitschrift, Volume 33, No 21, November 1932, (A quartz clock for Time and
Frequency measurenent of very greal accuracy), German text,

759, "Die Technischen Einrichtungen der Quarzuhren der Physikalisthe-Technischen Reichsanstalt®, A Scheibe
} U Adelsherger, pp 3774,7. Hochfrequenztechnit und Elektroakustik, Volume 43, February 1934, (The
Technical Arrangenents of the Quartz Clocks in the Physics-Technical Institute), German text,

760, ‘Uber die ersten Erfahrungren mit den Quartzuhren des Preussischen Geoditischen Instituts®, E
Kohlschitter, Verhandlungen der Siebenten Tagung se Baltischen Geodatischen Kommission, 1935, (On the
initial experiences with Quartz Clocks at the Prussian Geodetic Institute), German text,

761, "German Quartz Clocks", BIOS Report No 1316, HM Stationery Office, London, See also Science
Abstracts £, September 1947, p 242: and Electrical Engineering Abstracts B, Seplember 1947,

162, "Quarzuhr und Normallfrequenz-Generator®, L Rohde & R Leonhardi, pp 117-122,  £N7, June 1940,
(Quartz clock and standard frequency generator), German text,

763, "Crystal clock for accurate time standard®, Vincent E Heaton, p 618, Instruments, Volume 20, No 7,
July 1947,

764, "WWV standard frequency broadcasts®, V¥ D George, pp 25-27, F X and Television, Volume 7, June 1947,

765, "Time Service of the US Naval Dbservatory", J Frederick Hellweg, pp 538-540, Transactions of the
Aserican Institution of Electrical Engineers, Volume 51, No 2, Jume 1932, VSA,

166, "Quartz Crystal Clocks - How Greenwich Mean Time is determined®, Humphrey M Smith, pp 448-451,
Electrical Times, 28 March 1948, London,

767, "The Measurenent of Time", H Spencer Jones, pp 1-26, AReports on Progress In Physics, Volune 4, 1937,
Published by the Universily Press, 1938, Cambridge,

768, "The short term erratics of free pendulums and quariz clocks", W H M Greaves and L S T Symms, pp 196-
209, Monthly Notices of the Royal Astronomical Society, Volume 103, No 4, 1943, London,
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769, “High precision timekeeping - Quartz clock nov supersedes free pendulun", F Hope-Jones, Horolegical
Journal, October 1943, Londen,

770, *The precision timekeeping revolution - More about the Quartz Clock®, F Hope-Jones, Herelogical
Journal, November 1943, London,

771, "A Standard of Frequency and its applications®, C F Booth & F J M Laver, pp 223-236, The Journal of
the Institution of Electrical Fngineers, Volume 93, Part II1, July 1946, London,

772, "A new form of frequency and time standard®, L Essen, pp 413-426, Frocesdings of the Fhysics
Society, Volume 50, 1938, London,

173, "Thermostal design for frequency standards®, W A Marrison, pp 976-980, Proceedings of the Institute
of fadio Engineers, Volune 16, No 7, London,

774, "The shortest continuous waves®, C E Cleeton & N W Villians, p 1091, Physics Review, Volune 50
Decenber 1936, London, '

7?5._'Electromagnetic vaves of 1,1 cm wavelength and the absorption spectrum of ammonia®, C E Cleeton & N H
Villiams, pp 234-237, Fhysics Review, Volume 45, 15 February 1934, London,

776, "The ammonia spectrusm and line shapes near 1,25 ctm vavelength®, Charles Hard Townes, pp 675-671,
Fhysice Review, Volume 70, Noveaber 1946, London,

177, "The inversion spectrum of ammonia®, William E Good, pp 213-218, PFhysics Review, Volume 70, August
1946, London,

778, "A new nethod of measuring nuclear magnetic moments®, 1 1 Rabi, J R Zacharias, § Millman & P Kusch, p
N8, Fhysics Review, Volume 53, 1938, (Joint letter to the Editer), London,

779, "Molecular beam technique®, 1 Estermann, pp 300-323, AReviews of Nodern Fhysics, Volume 18, No 3,
July 1946, London,

780, *The molecular beam magnetit resonmance method, The radio-frequency specira of atoms and moletules",
B M Kellog and § Millmann, pp 323-352, AReviews of Modern Physics, Volune 18, No 3, July 1946, London,

781, ®Electrical ¥atch Balances", S 1 Wise, pp 769-772, Horelogical Journal, Volume XC, No 1023, December
1948, London, Description of the attempls by S J Wise to produce a battery driven watch at the btime when
the US and Swiss watchmakers were locked in battle to produce the first electrical wvatch,

782, "Review of the 1948 British Industries Fair - Horological Section", p 280, AHorological Journal, Vol-
ume XC, No 1076, May 1948, London, The Regal Sectric Alarn is illustrated and several of Smith's
Industries electric clock models discussed, including the 'Radio Preset' clock for switching on and off of
radio sets or other electrical equipment at predetermined times, On page 283 is a mention of an exhibit by
Narconi's of a low frequency quartz crystal plate bouncing a steel ball hanging on a nylon thread to show
the nechanical sovenent of the quartz itself,

783, "Royal Liver Building, Liverpool®, p 153, Horological Jourmal, Volume XC, No 1074, March 1948,
London, An illustration of the Liver Building clock dials is given, New lighting arrangements wvere made
after the war by installing six Phillips SO/H 140 lamps wih opal screens behind each dial, On the same page
nention is made of the Goblin synchronous clocks and the 'Teasmade' autonatic tea-maker,

784, *Vatch testing by Oscillograph", p 660, Horological Journal Volume XC, No 1082 November 1948,
London, Description of an experimental apparatus for testing the rate of watches, tonsisting of a quariz

trystal oscillator, simple valve oscillator and anplifier, connected to an oscilloscope, A microphone picks

- up the sound of the watch ticking and after anplification the strong current pulses switch a valve to give a

sharp pulse displayed on the screen of the oscilloscope, An illustration of the equipment is included,
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785, “Electric Clocks®, Chapter 24 of Watch and Clock Repairs, H 6 Harris, pp 167-170, 2 figs, 1961,
London, Gives very simple instructions on tleaning a synchronous tlock, It is of some use since the two
illustrations show a Smith's Bijow Movement in exploded form,

786, “Synchronous Electric Clocks, and Unusual Clocks®, Chapters 7 & 8 of Modern Clocks, Their Repair and
Maintenance, 1 R Robinson, pp 79-99, 15 figs, 1934, London, This gives details of several interesting
early models of synchronous clocks, including a chiming clock and the Smith's Batriclock, The second edit-
ion of the book has almost the same text, pp 117-148, but mentions the Bulle electric clock, pp 172-188
illustrate 19 synchronous clock movements in addition to the 20 line diagrams in the text, Useful inform-
ation on these early synchronous electric clocks, Advertisenents for Smith's Sectric, also the products of
the Magneta Time Company, Goblin Works, Leatherhead, are included, The Magneta masier clock is a Hipp
toggle type, The book was reprinted in 1943,

787, °*Electric Clocks®, Chapter XIV of Clock Repairing and Making, F J Garrard, 7th Impression, 1943,
Kingston Hill, Covers the field of electrical horology but is very much out of date for the time of public-
ation, The Gent's system is referred to as ‘practically the Synchronome system', The Eureka clock is men-
tioned on p 160, Of little informational value today,

788, "Electric Clocks®, Time & Clocks, H H Cunynghame, 1906, Londen, In the index of this book 'Elec-
tric clocks' are given the page reference 179, however the most elementary outline of any book on electric
tlocks vill actually be found on pages 173-5, For such a well-educated man, vho was associated with F Hope-
Jones, it is a pathetic performance, Pages 178-186 give an elementary account of an electrical chronograph
suitable for a child to read, Cunynghame was an MA and Member of the Institution of Electrical Engineers!

789, "Electric Pendulum Clocks", The Science of Clocks and Watrhes, A L Rawlings, First edition 1943,
Second edition, 1948, London, pp 103-127 cover developments of electric pendulum clocks and evidently
abstracted mainly from Hope-Jones, It is of interest in the detailing of D'Leary's, Schuler's, Batrirum's
and Shortd's clocks, Some discussion of the performance of the latter is included, Chapter XIX pages 275-
286 cover the synchronous and quariz crystal clock, there is also advice on buying a synchronous clock on
page 270, The treatment is patchy for such a well qualified man bul he vas getting old,

790, *Phonic Chronometer®, A B Vood & J M Ford, Jowrnal Scientific Instruments, March 1924, London, A
simnilar scheme to that of D V Dye for maintaining a phonic wheel by current interrupled by the tine of an
electrically maintained tuning fork, see Entry No 374, Dr Vood was the expert on Acoustics,

791, "The Crystal Clock®, L Essen, p 413, Proceedings of the Physical Society, Volume 35, 1938, London,

792, *Quartz Clocks®, George W Pierce, Proceedings of the American Acadeay of Arts and Sciences, Volume
59, 1923, p 81; and Volume 60, 1925, p 273, Professor Pierce vas the deviser of the very stable quartz
trystal oscillator circuit associated with his name - the 'Pierce Oscillator’,

793, *Precision Clocks®, Ralph A Sampson, Froceadings of the Royal Society of Edimburgh, A series of
tlassital papers on precision pendulun clocks in Volume 38, 1918, p 75 and 169; Volume 44, 1924, p 56;
Volume 57, 1936, p 55, Professor Sampson was the Asironomer Royal of Scotland,

794, Letter to Francis Ronalds from 6 J Singer, dated 7 January 1815, Princes Street, London, 'I send you
the most poverful coluans 1 have at present and congratulate you heartily on your success, ,,, and as
sorry to hear you have broken your Nose, as you will be to hear ay larger cylinder has cracked AR

795, Letter to & J Singer from Francis Ronalds, not dated, Hammersmith, ., 'The clock has been going since
| received the two last capital colunns which you vere so obliging o pick out for me ,..',

796, Letter to Francis Ronalds from J A Deluc, dated 18 March 1815, Vindsor, In answer to Ronalds' queries
about Haussmann and electric columns, Deluc states: 'But to tell you my opinion in general I do not think
that my large colunn could move what you call “Electrical clock®: it has so small a power, that the smallest
particle of dust, stops my pendulus ,,, ' On the second page of the letter he states that Singer's colunns
are auch more poverful than his own, See the previous entry,
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797, Letter to Francis Ronalds from J A Deluc, dated 4 May 1815, Vindsor, 'I have seen with great interest,
in Mr Tillock's Journal for April your application on what you had sketched to me in your letter 'On the
Electro-galvanit agency as a moving power, with the Description of a Galvanic Clock ,,,' Your clockwork is
very ingeniously contrived ,,, but you were very fortunate o find near you an cleaver (sic) watch maker,
to exacute so vell your ideas, See the preceding and following entries,

798, Letter from Francis Ronalds to J A Deluc, 9 May 1815, Hammersmith, ‘I am very muth obliged for your
friendly letter of the 4th inst as it gives me an opportunity of explaining to you why the term Electro
galvanic has been affixed to the paper in Mr Tilloch's journal which you are so polite as to say interested
you', Ronmalds correctly ascribes the electrical power being derived from the decomposition of the zinc used
in the columns, yet does not agree with the experiment of Dr Woollaston that oxidation was the source,
Voollaston placed a coluan in an evacuated chamber, upon vhich the coluan ceased to gemerate electrical
pover, Romalds writes 'Mr Gotham has certainly exeruled and in fact invented a part of the clock very
ingeniously and 1 fear I have not sufficiently acknowledged his share of the contrivance ..,

799, Letter to Francis Romalds from Dr 6 L Roberts, dated 8 May 1815, Bridport, Requesting details of the
particular arrangement of the columns used for Romalds' Galvanic Clock,

800, Letter from Francis Ronalds to Dr € L Roberts, not dated, Hammersnith, Romalds first points out that
the title Electro-Balvanit Agency and Galvanic Clock were inserted by the Edifor, He goes on to describe
the particular arrangenents used in making the Singer electrit columns, In referring to the size and shape
of the discs used in the coluan he writes '.,, after which they are ready to be cut or pushed into to the
required forn or size which nay easily be done by a servant ,,.',

801, Letter to Francis Ronalds from J A Deluc, dated 11 May 1815, Windsor, 'I have received your interest-
ing letter of the 9th explaining your ingenious contrivance to apply the electric column to a clockwork on
vhich 1 shall make a few resarks', Deluc incorrectly contradicts Ronalds' hypothesis of decomposition of
the zinc discs of the columns,

802, Letter from J A Deluc to Francis Ronalds, 16 June 1815, Windsor, Mention of Priestley and Herschel in
this letter, ‘'The journal of your Clockwork applied to the Column has very much interested me; it is a very
turious application of electric pover, and ve cannot judge to what it will lead', Mentions a future neeting
vith Ronalds at Vindsor, 'I shall be very happy to see you again as 1 have a great estime (sic) for you',

803, Letter fron 6 J Singer to Francis Ronalds, 28 September 1815, Princes Street, London, In addition to a
request for an account of Ronalds' electric clock for a supplement to Singer's book £lements of Electricity,
Singer also apologises for the comments he had made earlier in the Philosophical Magazine,

804, Three sheets of results for the daily tests carried out by Romalds on the Galvanic Clock fron 29 July
1818 to 12 Septeaber 1818 at Hammerswith, These show a progressive iapravement in the rate of the clock,

805, Drawing of proposed pendulun for electric clock by Francis Ronalds to compensate for variable voltage,
806, Letter from Francis Ronalds to J A Deluc, not dated but late in 1815, Hammersmith, Describes tvo meth-
ods for compensation for the voltaic pile increasing in voltage with increased temperature and causing the
pendulua to change rate with the greater impulsing power,

807, Original page of results written by Francis Romalds, also a visiting card for his Hanmersmith address,

808, Della pila elettrica a secto, Guiseppa Zamboni, pp 55, 3 plates, Verona, 1812, (0f the dry elect-
ric pile), A full account of the principles and making of dry voltaic piles,

809, *The Dry Voltaic Pile®, A Elliott, pp 317-319, Electronic Engineering, Dctober 1948, An outline of
the development and production of dry piles in 1942 for infra-red image tonveriers, Data is included on the
internal resistance, voltage and available current at lov voltage drop - approximately 0,01 microamperes,
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810, 7he Ory File, C E Benham, London, Describes the construction of dry veltaic piles,

811, "The Dry Pile®, Elementary Lessons in Electricity, Sylvanus P Thompson, 1839, London, p 180, A
brief description of the dry voltaic pile,

812, *The Dry Pile*, F Auertach, HKandbuch der Fhysik, Volume 4, 1905, Leipzig, p 185, (Physics
Handbook), A brief outline of the dry voltaic pile, German text,

813, "The Dry Pile", L Graetz, Mandbuch der Elekirizitdt und des Nagnetisaus, Volume 1, 1918, Leipzig,
(Handbook of Electricity and Magnetism), Description and construction of the dry voltaic pile, German text,

814, *Pile at the Clarendon Laboratory, Dxford", Flectricity, ¥ L Bragg, 1936, London, p 51 details the
dry pile which has been striking two bells in the Clarendon Laboratory continuously since 1840, It is supp-
osed to have been made by the instrument makers Watkins and Hill in London, no one is certain,

815, "Voltaic Pile*, Communication from Alessandro Volta to the Royal Society, printed in Fhilosophical
Transactions, Volume XC, 1800, London, pp 403-431 gives details of the various arrangements, including the
vell known 'Couronne des Tasses' or Crown of Cups, This is illustrated on page 3 of Electrifying Tine,
Volta had devised these arrangements many years earlier but did nmot publish his results at the time, See
Entries No 27 and 28, whith include some detail of these events, in the Electrical Horology book list,

816, "Voltait Pile®, Scientific Insirusents in Art and History, Henri Michel, English translation by R E
V and F R Maddison, 1967, London, p 173 gives a passing mention of the voltaic pile, whilst Plate 103 in
colour on p 104 shovs tvo examples of Volta's piles in the Museo della Scienza e della Tecnica, Milanm,

Note: the book index and plate numbering for these is slightly incorrect, The two voltaic piles are alse
illustrated on page 401 of The Cambridge Illustrated History of the World's Science by Colin A Roman, 1983,
London, Very sketchy references may be found on p 383 and p 441, the latter refers to the work done by Davy
vith the voltaic pile in his chenical investigations, including producing potassium metal,

817, *On the Electric Column and Aerial Eleciroscope®, J A Deluc, A Jowrnal of Natural Fhilosophy, Chea-
istry and the Arts, Voluae 27, No 102, pp 81-99; No 103, pp 161-174, Dctober and November 1810, Edinburgh,
The apparatus is illustrated, see page 24 of A Conspectus of Elecirical Timekeeping, Whilst not intended to
indicate time, it vas the starting point for Ronalds' electrostatic tlock of 1814,

818, *Experiments on the Variable Action of the Electric Column*, Francis Romalds, pp 6, Fhilosophical
Magazine, Volume XLIII, No 414, 1814, London,

819, "On Electricity", Francis Romalds, pp 4, Fhilosophical Nagazine, Volume XLIV, No 422, 1814, London,

820, "On the Electric Colunn of M De Luc', Francis Romalds, pp 2, Philvsophical Magazine, Yolume XLVI, No
466, 1815, London,

821, "On correcting the rate of an Electric Clock by a compensation for changes in iemperature®, Francis
Ronalds, pp 2, Fhilosophical Magazime, Volume XLVI, No 203, 1815, London,

822, "Account of Mr Ronalds' Pendulum Doubler of Electricity", Francis Ronalds, pp 322-8, Edinburgh
Philosophical Magazing, Volume 9, 1823, Edinburgh, This used a mechanically driven pendulum to continually
double an initial small electric charge until high potentials were reached, The electrical power was gained
by the expenditure of mechanical power, and it vas utilised for energising Ronalds' electrostatic telegraph,

823, Descriplion of an Electrical Telegraph and of some other Elecirital Apparatus, Francis Ronalds, pp
83, © plates, 1823, London, This was reprinted by the Chiswick Press, A second edition with only 25
pages vas published in 1871, Romalds was knighted for his telegraph work the year before his death,

824, "Description of Francis Ronalds' Electric Telegraph". [llustrated London News, 30 April 1870, A port-
rait of Francis Ronalds is illustrated as well as his telegraph sysiem ai Hammersaith,
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825, "An Instrunent of his own Comstruction, Presented to the Royal Sociely .., an attempt at Perpetual
fotion®, Guiseppa Zamboni, Philosophical Magazime, Volume XLV, page 67, 1815, London, See p 32 of 4
Conspecbus of Electrical Timekeeping for diagram of 6 J Singer's version of Zamboni's electrically driven
pendulun, and mention of Zamboni's device in a letter fron Joseph Banks, President of the Royal Society,

826, L'elletromotore perpetuo, Guiseppa Zamboni, [7rattato, Parta Prima, pp 298; and Parta Seconda, pp 361;
Verona, 1820 and 1822 respectively,  (The perpetual electro-motor), See Comspectus of Electrical Time-
keeping, page 69 for details of the sections dealing with the electrically driven pendulum, Italian text,

827, “All' Accademia Reale delle Scienze di Parigi®, Guiseppa Zamboni, pp 6, 1 plate, Verona Foligrafo,
Volune V, p 87, Verona, 1831, (Royal Academy of Science of Parigi), An article describing Zaaboni's
electric clock, Late for an electrostatic clock with electromagnetic action being known, Italian text,

82, "Elogio dell' Abate Guiseppa Zamboni dell Ab Ant Rivato®, & Passini, A letter dated 30 July 1847,
from the Secretary of the Venite Institute of Science, (Eulogy of the Abbot 6uiseppa Zamboni ...},
Announces Zamboni's death and adds a few lines to his memory, Zamboni's life and work have almost been
conpletely forgotten today, Biographical details on him are very difficult to obtain, Italian iext,

829, "Neuere Versuthe mit Trocknen®, G6ilbert, Annmales de Fhysiks, Volume LI, p 189, 1815, (New experi-
sents vith dry piles), A short account of Professor Ramis's electrostatic clock, German text,

830, "Orologio elettrito a pendulo 'fece egli quindi sotto il 18 Marzo, 1815, 1'annunzio alla Regia Acca-
demia de Monaco' *, Professor Ramis, Al/sanaco di Lipsia, nominato Maggazino di tutte le nuove scoperte al
No 64, art 11, 1815, Leipzig, (Clock with electric pendulus, which he announced to the Royal Academy of
Konaco on 18 March 1815), Italian text,

831, "Illustration of Early Electric Clock®, F Scarcella, p 27, La Clessidra, Ociober 1953, Italian,

832, 'I1 primo orologio azionata (dall'eletirico) riprende a camminare dopo olire 150 amni®,  Paolo
Francesco Forlatti, La Clessidra, July 1972, (The first clock actuated by electricity goss again after
more than 150 years), The English translation of this Italian text is reproduced in full on pages 72-73, of
A Conspectus of Electrical Timekeeping

833, "An account of a Doubler of Electricity, or a Machine by means of which the least conceivable quantity
of positive or negative eleciricity may be continually doubled, $ill it becomes perceptible by common elect-
rometers, or visible in sparks®, Abrahan Bennet, pp 285-296, Philosophical Transactions, Voluse 77, London,
Read before the Royal Society 10 May 1787, The precursor of Romalds' pendulum doubler of electricity,

834, "Seine galvanische Uhren*, Karl August Steinheil, Aumst-und Gwewerbsblitter, 1843, Berlin, (His
galvanic clock), German text,

835, Farly Electrical Comeunication, € A Marland, 1964, London, Includes brief mentions of Frantis
Romalds and Alexander Bain, Very few works give any real credit to Francis Romalds or Alexander Bain,

836, The Story of Electricity, John Yunro, 1898, London, Elementary details of the progress of the
electrical art, and references to telegraphs up to the end of the nineteenth century,

837, Science since 1500, K T Pledge, 1966, London, VUseful for the historical details of the advances in
electrical science although much out of date through the enoraous developments vhich took place soon after,

838, Men and Discoveries in Electricity, Brian Morgan, 1953, London, Historical details of the discover-
ies leading up to the application of electricity to horology in an easily assimilated fora,

839, A History of Honderful Inventions, John Tinbs, 1868, (Various later editions), London,

O

W/



O

57

G

840, Farly Electrical Machimes, Bern Dibmer, pp 57, 42 illustrations, 1 large folding plate, 1957,
Norwalk, Connecticut, USA, An excellent account of the early events in static electricity,  Nairne's
electrical apparatus and accessories shown on pages 50 and 5, include small penduluns striking bells, Page
56 gives 17 references to sourtes on electrical science,

84), Lwigi Galvani, Bern Dibner, pp 24, 3 large plates, Burndy Publication No 26, 1972, Norvalk,
Connecticut, USA, A definitive study of Galvani's life and work, The plates are magnificent,

842, A History of Electricity and Magnetism, Herbert Meyer, pp 325, 30 illustrations, Burndy Library
Publication No 27, 197Z, Norwalk, Conmecticut, USA, This covers the history of electricity in an admir-
able fashion without the requirement of a deep knowledge in the subject, Pages 299-306 lists an exiensive
bibliography of eletirical and other works,

843, Eighteenth Century £lectrostatic Measuring Devices, VD Hackwann, pp 58, 2 figs, 31 plates, Reprint
Decenber 1978 from the Aanali dell'lstituto e Museo di Storia della Scienza di Firenze Anno 111, Fasciolo
2*, Mentions Francis Ronalds, 6 J Singer, ¥ Nicholson, J A De Luc and others, Note this auther is not
alvays precise, eg the devite at Clarendon is dated by him as fron the 1820's when the consensus of opinion
is the 1840's, he does not mention P L Maréchaux's invention of the dry pile, De Luc gets the accolade, Note
that there are innumerable references in this vork, but all are given in the footnotes, and tedious to find,

844, A Hislory of Science, Technology and Fhilosophy in the 16th and 17th Centuries, A Wolf, 1950, London,
Contains important sections on electricity,

845, A History of Science, Technology and Fhilosophy in the 16th Century, A Wolf, 1952, London, Has use-
ful sections on electrical science,

846, "The Stroborama", Sequin, Bulletin horaire de Bureau Internatienal de 1'Heure, Volune VI, No 91, 10
June 1936, Description of a method of obtaining very short durations of high intensity light for photo-
graphic purposes to tompare quartz clock indications at frequent intervals for changes in rate and to verify
absolute frequency, The forerunmer of the elecironic flash gun and eleciric stroboscope, See next entry,

847, "Timekeepers controlled by means of piezo-electric quartz®, Armond de Grasont, pp 31-35, 4 figs,
Translation of an article published in 1937, see also Entry No 363, This is based upon two quartz crystals,
one of 1,130 MHz and a frequency variation of - 1,66 Hz per °C, the other of 2,130 MHz and - 1,56 per °C,
By the use of invar and copper electrodes the variation in frequency between the two could be reduced to
0,0040 Hz per *C, Abrahan-Bloch demultiplicators ware used to bring the frequency to drive the clock moter
down to 1000 Kz, giving time increments of one thousandth of a second, Front and rear views of one of these
tlocks is given, there are three dials marked for seconds, one-tenth seconds and the lowest dial into ome
hundred division for one-thousandth of a second readings, the indicator turning ten times a second, The
results were checked with a ‘'stroborama' designed by Sequin which gave a flash of light lasting about one
nicrosecond, By taking a photograph each quarter of an hour, the frequency of the quartz crystal could be
deternined to one part in a million or less,

848, "Swiss Patents for Electrical Horology - 1889 to 1924®, Charles K Aked, pp 10, Translation of the
list included in L 'Horologer-Electricien by 6 Albert Berner, 1926, Berne & Besangon, Switzerland, Out of a
total of 215 patents, 14 are from British applicants, including 6 B Bowell - no 34504 of 1906, The patent
of T B Powers, USA, is no 38242 of 1907, The Continentals were more interesied in revinding mechanisns than
the British, One interesting patent is for an elecirically rewound watch by Favarger et Cie, patent no
101447 of 1923, See Entry No 298,

849, "United States Electric Clock Patents®, Unifed States Clock amd Valch Patents 1790-1830, George H
Eckhardt, 1960, New York, Privately printed, pp 55-72 lists the electrically horology patents in subject
tlassification, No details of any of the patents are given except for the group heading, and the sequence
ends at 1890, A total of 235 patents is listed, the corresponding figure for Britain up to 1830 is 238, see
Entry No 298,
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850, “Erfingdungen betreffend elektrische Uhren von 1877-1909%,  Elekirische Uhren, A Tobler revised by
Johannes Zacharias, See Entry No 24 in the electrical horology book list, (Inventions in respect of elect-
vic clocks from 1877-1909), pp 217-247 lists the patents taken out in Germany from 1877 to 1909, these are
presented under group headings, eg the first heading is Self-standing electric clocks and electric tlock-
vork, Each patent has a very brief note, There are 314 patents in this period, several are from British
inventors, See Entries No 298,

85), "The New Electronit Quartz Master Clock®, Sherman M Wolf, pp 6, 3 figs, Instructions for using a
master clock with quartz crystal control for pulsing secondary clocks, The master clock unit has a variety
of configurations to suil all types of secondary clocks, Tvo models sent for trial 9 August 1982,

852, *Some optimal signals for time measurement®, M Shermann, p 24, Transaclions Institule Radio
Enginears, 17-2, No 1, 1956, London,

853, "Electron-Tube Circuits for Time Measurements", Edited by A Ya Breytbart, Soveiskoye radio, 1951,
Translated from an English text, English source cannot be traced, Russian text,

854, "The Propagation of Fluctuation Noise and Pulsed Signal through a Time Discrimimator”, B N Mityashev,
Radiotekhnicha i elektronika, Voluse 3, No 9, p 1144, 1958, Russian text,

855, "Noise Immunity in the Time Discrimination of Pulsed Signals", B N HMityashev, Radiotekhnica i
elektronika, Volume 4, No 4, p 637, 1959, Russian text,

856, "An Optisun method of Detersmining the Time Position of Pulses®, B N Mityashev, Radiotekhnica I
elektronika, Volume 5, No 2, p 206, 1960, Russian fext,

857, “An Analysis of the Noise Imaunity of certain types of Time Discrimimator”, Yu K Kazarinov & Yu A
Kolonenskiy, Jzv vuzov, seriya Radiotekhnika, Volume 1, No 2, p 205, 1989, Russian text,

858, “The Noise Imsunity of a Time Discrimination Method for Pulsed Signals®, B N Mityashev, ANauch, Dokl
Vyssh, Shk - Radiotekhnika i elektronika, No 2, p 7, 1958, Russian text,

859, “Noise Imunity of a Method for Determining the Time Position of Pulses", B N Mityashev, Aadio-
tekhnika i elekironika, Volume 4, No 11, p 1765, 1959, Russian text,

860, "A Method for Locating Processes in Time", V I Nikitenko, ARadiotethnika i elektronika, Volune 2, No
§, p 566, 1957, Russian text,

861, “Accuracy in the Time Determination of Flat Signals", V I Nikitenko, Asdiefekhnika i elektronika,
Volume 2, No 10, p 1829, 1958, Russian iext,

862, "An Assessment of the Effertiveness of Data Integration Methods in the Determination of the Tise Posi-
tion of Weak Pulsed Signals®, B N Mityashev, Radiotekhnika i elektronika, Volune 16, No 2, 1961, Russian,

863, "The Integration of the Output Voltage of a Receiver in the Determination of the Time Position of a
Veak Pulsed Signal®, VYu P Ozerskiy, [zv, Vys, uch, seriya Radiolekhnika, Volune 4, No §, 1961, Russian,

864, A History of Electrical Engineering, Percy Ounsheath, pp 368, 71 figs, 48 plates, 1962, London,
good chapter on electrical telegraphy except Alexander Bain is onitted apart from his printing telegaph,
Good set of portraits shown plates I-VI, The story of Tawell the murderer is toid on page 78, also the
sinplification from the five wires of Vheatsione's telegraph to ome by the signalling clerks!

865, The Eleciric Telegraph; was it invented by Frofessor Whealstone! ¥ F Cooke, 1855, London, Eveni-
ually the two partners fell out and recrimination arose, this book vas intended to vindicate Cooke's part in
the developnent of the electric telegraph, Charles Wheatstone vas far from being an honest aan,
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866, “Reports on Experiments wade with the Basforth Chronograph to determine the Resistance of the Air to
the Motion of Projectiles", 1865-1870, London,

867, "Tables of Remaining Velocity, Time of Flight and Energy of various Projectiles, calculated from the
Results of Experiments made with the Bashforth Chronograph®, 1865-1870, 1871, Lendon,

868, "A Mathematical Treatise on the Motion of Projectiles, founded chiefly on the Results of Experiments
nade vith the Bashforth Chronograph®, 1873, London, Supplement issued 1681, London,

869, "Reports on Experiments made with the Bashforth Chronograph to determine the Resistance of the Air to
the Motion of Elongated Projectiles", (Part II), 1878-1879, 1879, London,

870, "Final Report on Experiments made with the Bashforth Chronograph to deteraine the Resistance of the Air
to the Motion of Elongated Projectiles, 1878-1880", 1880, London,

871, Buckeye Horology, A Reviev of Ohio Clock and Watch Makers, James Bibbs, pp 27-29, 2 plales, The
story of the venture of Mr D M Dorsey of Hount Vernon vho traded a coal mine to the Mountain State Electri-
tal Conpany for the patent rights of the 'No-key' tlock, the company vas bankrupt by 1913, A fresh start
vas made in 1914, when a Mr X offered to reorganize the company in return for a §1% interest, The factory
had new machinery installed, but several days before the official opening X absconded with all the money
deposited in the bank, There were two variations of the tlocks made, differing in the contact system only,
A large electromagnet was employed to raise a weight which then drove the clock train, One version vas made
in Wheeling, the other in Mount Vernon, Dhio, There are good illusirations shown of the two clocks, Also
listed is Dr John Locke, see Entry No 293, Several electrical ¢lock patents are included, see below,

872, Electric Tining Meter, & F Card, (Card Manufacturing Co, Cincinnati), Pateni No 396,645, 22,1,1889,
Electric Clock: C F Brush, (Telegraph Supply Co, Cleveland), Patent No 189,998, 24 fpril 1877,
¥V M Davis, Patent No 120 185, 24 Dclober 1871, also Patent No 176,740, 2 May 1876,
(V § Patents) ] Happersberger, Patent No 226,401, 13 April 1880, also Patent 273,231, 27 February
1883, A Hull, Patent No 11,723, 25 September 1854, A B Jones, Patent No 419,776,
21 January 1890, A & Wooley, Patent No 369,672, 6 September 1887,
Electric Alarm: R Schmidtz, Patent No 425,004, 8 April 1§90,
Electric Clock Movemeni: J Happersberger, Patent No 278,946, 5 June 1883,

873, 7ime, Sanuel A Boudsnit & Robert Claibome, 1967, London, Plate |, p 8, shows the quariz trysial
master clock in the Vashington Observatory, Electrical horology commences page 101, and the tuning fork
time standard is described on pp 103-104, followed by quartz crystal and atonit clocks pp 104-107, Shori
time interval measurenents down to 10 picoseconds is covered pp 108-120, Many illustrations, Page 193,
shows the Science Museum Time Chart and illustrates the Caesium Clock of the time, A useful book for imp-
arting knovledge of electrical horology quickly,

874, Smith 4 Son's Guide fo the Furchase of Clock, First published circa 1900 and reprinted by Anerican
Reprints in 1971, It is of slight interest as the exterior clock of the Strand premises carries a sign
hanging underneath which states: 'Revolves by Electric Current from Greemwich Hourly', This is illustrated
on page 21, with a full description on page 22, The elecirical application was limited to anm hourly corr-
ection of the weight driven turret clock movement driving the dials, this vas housed in the shop belov, It
also had a svitch fitted so that the electrical lighting of the dials took place autonatically, Pages 2 and
3 illustrate the exterior clock on the shop front and the movement in the retail shop area respeciively, It
is of interest to note that the right-hand entrance to the manufactory bears 'AWARDED PRIZE MEDAL ELECTRICAL
EXHIBITION', This refers to the medals awarded o the firm at the 1892 Electrical Exhibition and the Paris
Exhibition of 1900,

875, The Guinness Book of Clocks, Alan Smith, 1984, Enfield, Electric and electromic clotks are dealt
vith fron pp 145-152, but only fron a point of view of style, Ten illustrations given, including Ato,
Bulle, Smiths English Clocks, Kienzle, Selticon, and the Sharp Corporation of Japan,
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876, "Etic", The Watthmakers' Systen for Repairing Electronic Watches", pp 14, 23 figs, April 1977, The
'ETIC' system was designed for the rapid repair of quartz crystal vatches, mestly battery changing, pushers
and correctors, The repair was limited to replacenent of a few minor parts only,

877. Dictionnaire Technique, Four la montre électronigue, 1977, This quide was issued by 'ETIC' to fam-
iliarise mechanical vatchmakers with electronic horology as electrical and electronic vatches became more
popular, (Technical dictionary, For the electronic watch), French text,

878, "The Precise Measurenent of Time®, Alfred L Loonis, Monthly Notices of the Royal Astronomical Society,
Yolune XCI, March 1931, Loonis was an enthusiast vho first detected the effect of the woon on penduiums,

879, "Analysis of Records made on the Loomis Chronograph by three Shortt Clocks and a Crystal Oscillator”,
E ¥ Brown & D Brouver, Monthly Nobices of the Royal Astronomical Society, Volume XCI, March 1931,

880, "Variations in the Speed of Rotation of the Earih since June 1955°, L Essen, Parry, Markowitz & Hall,
Nature, No 181, p 1054, 12 April 1958, Measurenents made posible by the caesiua atomic clock,

881, "Conparison of Astronomical Time Measurements vith Atomic Frequency Standards®, J P Blaser & J Deprins,
Nature, No 182, p 859, 19 April 1958, Human observations became too isprecise for really accurate clocks,

882, “Shortt Clocks and the Earth's Rotation®, J Jackson, Monihly Notices of the Royal Astronomical Soc-
iety, Volume LXIXIX, January 1929, The invariablity of the earth's period had been doubted for a long time,

883, "The Shortt Clocks at Greenwich in 1930", J Jackson & W Bowyer, Monthly Notices of the Royal Astro-
noaical Society, Volume XCI, January 1931,

884, *L'Attraction Luni-Solaire et les Pendules", N Stoyko, Bulletin Astronomigue, Volume 14, fasc, 1, pp
1-36, 1939, Paris, (The Moon-Sun Attraction and Clocks), See next entry, French fexi,

885, "Sur la Détermination des Termes du Jour Sidéral dans 1'Attraction Luni-Solaire par 1'Observation ces
Pendules & Gravité, N Stoyko, Comptes Rendus de |'Académie des Sciences, Volune 220, pp 668-663, 1945,
Paris, (On the determination of the terms of the Sidereal Day in the Moon-Sun Attraction by the Observation
of Gravity Pendulums), This means the sathematical teras, see Entries No 220 and 297, French lext,

886, “Great Vanham Church Electric Clock®, Suffolk Clocks and Clockmakers, Arthur L Haggar & Leonard F
Niller, 1974, Ransgate, Mention is mace on page 27 of the electric clock fitted in Great Venham Church,
Suffolk, in 1852, at the instigation of the Rector, the Reverend Daniel Constable Whalley, The relevant
passage is: "The clock was constructed by Nr Pipe of Ipswich, under the direction of the Rector, and the
novement carried the inscription:

*This Electric Clock, invented by Alexander Bain, was given to this Church

by the Reverend D C Whalley, Rector, 1852,

Pover for the clock was derived from two elements let into the ground, presumably carbon and zinc, Some
years ago an elderly resident recalled the way the clock was operated, in typical Suffolk language, 'That
uster go by the bowels of the earth', The clock has been replaced by a more orthodox timekeeper, and pres-
umably no longer exists", [Note: The clock was placed in the Ipswich nuseum and owing to carelessness was
either stolen or destroyed, It vanished before the last war, Also a copy of Alexander Bain's A History of
the Electric Clocks was given to the churchearden who looked after the electric clock, this vas purchased by
Charles K fked from the churchvarden's son, a man in his nineties, and sold at the same price to Dr Shenton,
He mentioned that his father watered the earth battery in dry veather, othervise the clock stoppedl, Refer
to Bain material for further information, L F Miller died prematurely, a brilliant researcher,

887, English Dial Clocks, Ronald E Rose, 1978, Voodbridge, p 13, 'It vas not until the industrial master
¢lock and its slaves began to be installed that the dial clock lost its place as the leading type of clock’,
p 23, 'With the increase in mechanical knowledge and the gradual changeover to electric and battery clocks,
tlockwinders began to decrease (in numbers) from the 1920's but they have by no means died out and siill
exist in small nunbers even today, See NAUCC Bwllefin, Whole No 177, p 324, ariicle by Charles K Aked,
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888, "Galvanic Time-piece®, £dward J Dent, Vaudrey Mercer, 1977, Ramsgate, pp 333-337, Commencing vith
a letter from Dent to Airy dated 17 May 1848, following a visit by Airy to Deni's home when he was absent;
it discusses arrangenents for synchromizing clocks from the Transit clotk, mainly about supplying a suitable
battery, Dent states he has had an arrangement working in his shop in the Strand for four months using a
Smee's battery with pure gold and platina contacts, There are several letiers beiween Airy and Dent, fin-
ally Dent recomaends *,,, in my opinion no person is better informed in all matters connected vith galvanic
affairs than Mr Rippon", Mot until 1854 were contacts fitted to the Hardy clock and it becane the Sidereal
Standard, The construction and erection of the clock is detailed pp 470~481, the Great 6alvanic Chronograph
system pp 488-489 and Plates 95-97 (wrongly indexed in book); the Radcliffe Observatory version of 1855 is
aentioned p 433; p 486 another for Brussels Royal Observatory in 1877, p 487 another for Japan in 1879 (not
in index), Page 315 gives details of Henry Dent Gardner's lectures at the Loan Collection, South Kensington,
these were serialised in four weekly parts in Nafure fron 12 October 1876 onvards, The fourth and last lec-
ture deals with the distribution of time by electricity, In Aatwre for 7 August 1879 H D Dent published a
splendid resumé on electric clocks, detailing the Dent contacts as used on the Hardy clock at Greenwich, He
finally writes of E J Dent's method of dropping a powerful magnet through a coil to gemerate turrent to
operate a dial movement, The magnet vas lifted each half minule by a strong tower clock novement, Details
of the electrical revinding of the Westminster Clock and other electrical arrangements, plus various Tine
Balls vill be found in the book, Shepherd's electrit clock is mentioned on page 24, Much information
listed in this vork, See Entry No 111 for details of the Balvanic Chronograph, and the following entry,

889, Installation des FPendules & 1'Observatoire Royal de Belgique 4 Uccle, E Delporte, pp 54, 23 figs in
text, 4 folding plates, 1906, Brussels, (Clock Installation at the Royal Belgiun Observatory), The text
lists plates vhith are not in the booklet, Those included are numbered XAI to IX1V and these seen o be the
only ones originally included, Whilst chiefly outlining the installation, projecied and executed by Dr §
Riefler of Munich, the old apparatus installed by Dent, including the Breat Galvanit Chronograph, is det-
ailed, An illustration of the latter forms the frontispiece to the booklet, and shows that even after
thirty years, the equipment vas still considered of importance to the running of the Observatory, The nat-
erial vas published earlier in Amnales des Travaux Fublics de Belgique, April 1906, possibly vith illustrat-
jons of the installation, Much of the book is devoted to tables of resistance and current for various
ancilliary devices of little import, The description of the chronograph is by M Philippot, pp 26-27 des-
cribe a device termed Je parleur, for giving audible beats in synchronism vith the master clock, It con-
sists of an armature atiracted by an electromagnet, a resonant case amplifying the sound, French text,

890, "Electric Clocks and Ship Chronometers®, Chambers' Jowrnal, March 1861, Reprinted in the Anerican
nagazine Hobbies of July 1950, see mention p 198, NAWCC Bulletin, Whole No 35, October 1950, Mostly con-
cerned vith the vork of the Dbservatory at Liverpool, where merthant navy timekeepers were rated,

891, "Daniel Drawbaugh, Tragic Gemius', Janes V Bibbs, pp 158-163, Whole No 63, NAWCC Bulletin, April 1956,
Figure | illustrates an electric clock made by Oaniel Orawbaugh, one of three made, and in the possession of
the author, The driving source was an earth battery, two plates buried in the ground, Four reference
sources are quoted and a drawing of the escapement of the magnetic clock is shown on pp 159-160, taken from
the patent of 9 August 1887, It is a most cumbersome arrangesent,

892, "The latest in Marine Chronometers®, 'The Answer Box', pp 567-568, NAWCC Aulletin, NWhole No 69, Jume
1957, Announced by the Time Facsimile Corporation of the 1957 Araed Forces Comsunications and Electronics
Association in Vashington, A tuning fork driven elecironictally provided pover to drive a notor geared to
the time indicators, It was reputed to be ten times more accurate than a normal sarine chronoseter,

893, "A Plea for the Electric Clock®, ‘'Vox Temporis', p 630, NAWCC Bulletin, ¥hole No 102, February 1963,
A latter from member Frederick A Babcock for others to collect electric clocks, In the same issue is an
article "Time and its Inverse® by John M Richardson, pp 597-604, mainly dealing vith the taesium bean atomic
tlock, Standard Time Signals and their frequencies, A good account,

894, *Electric Techniques® Or F A B Vard, p 960, NAWCC Bulletin, Whole No 106, October 1963, Mention of
the Shortt Free Pendulun, quartz crystal and caesium bean atomic clocks, Not a very profound treatment,
included in an article entitled 'How Timekeeping Mechanisn becane Atcurate', pp 950-961,
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895, “"Chronostat I1I, An Electronic Marine Chronometer®, Paul R de Magnin, pp 111-115, 3 figs, NAWCC -
Bulletin, Vhole No 96, February 1962, A good account of the principles of operation of an early transistor § K)
switched electrically operated marine chronometer, Little demand for these because of radio {ime signals, e

896, "Some Scant Information on the Poole Clock Company®, 'The Answer Box', p 1008, NAVCC Bulletin, Whole No
106, October 1963, 'First mention of the name of Arthur F Poole appears in the 1927 Ithaca city directory,
The 1929 Ithaca directory lists Arthur F Poole as Vice-President and Treasurer of the Poole Manufacturing Co,
The 1930 directory lists him as an electronic engineer of the Poole Clock Co, A% this time the rompany was
{aken over by the Morse Indusiries with Frank B Morse as its President, There is no mention of the Poole
Clock Co in the 1933 directory and Arthur F Poole is listed as retired, Research data by Paul Patten, Ithata,
letter from Gary R Moorhouse, Buffalo, New York,

897, "Who Affixed the Motor®, 'The Answer Box', pp 260-261, NAWCC Bulletin, Whole No 109, April 1964, A
letter from F F B, Akron, Ohio, including two photographs of a self-winding electric skeleton clock, the motor
being the Self-Winding Clock Company model shown in Fig 137 of Ward Boodrich's book 7he Modern Clock, The
tlock appears to be of the Pond patiern,

898, "Daly Time®, Dorothy Severns, p 328, NAWCC Aulletin, Whole No 111, August 1964, This sentions 'There
is a battery clock made in 1906 by Eureka Clock Co and one by Electric Specialities Co, England',

899, "The Electrit Watch Repair Manual®, Jean Louis Roerhrich, p 933, KAWCC Builetsn, ¥hole Xo 118, Dclober
1965, Review of the book by Henry B Fried, see Electrical Horology book listing,

900, “Eureka Clock Contact Needed®, 'The Answer Box', p 992, NAVCC Bulletim Vnole No 118, Dctober 1965,
Letter fron Robert Phillip of Toronto requesting information, nentions he has several Eureka clocks, On page
935 of this issue is a short mention of the Holmes Electric Timelock, patenied April 1872, and manufactured by
Mssrs E Howard & Co, of New York, It is controlled by two chronometers energised by an electric low volfage
battery, and in case of emergency, should both timers refuse to operate; tan be unlocked by means of a special
device, This lock tould be set for the day and might by means of a dial, Supplenentary patents on the imp-
roved construction of this lock were taken out in 1879 and 1880,

O

901, "Clockmakers and Watchmakers of Canada®, Craig M Hartley, p 462, NAWCC Bulletin, Whole No 112, October
1964, This lists Shonbeck Clock Co of Hamilton as suppliers of American electric movenents for offices; and
George Hess of Zurich (1860-1890) as a supplier of electric clocks,

902, "Battery raised veight kicks pendulun®, p 263, NAWCC Bulletin, Whole No 121, April 1965,

903, “Early Electric Synchronous Clocks, Myron Evarts, p 311, NAWCC Bwlletin, Whole No 121, April 1966,
904, "Repair and Maintenance of Dimep Clock*, p 194, NAWCC Buwlletin, ¥hole No 120, February 1966,

905, "Early History of Electric Clock™, p 594, NAWCC Buwlletin, Whole No 125, December 1966,

906, "Stanilaus Fornier Pioneer®, p 1233, NAWCC Bulletin, ¥hole No 153, August 1971,

907, "Query on Earth Battery Clock by Bentley®, p 195, NAWCC Builetin, Whole Ko 156, February 1972,

908, "Query on repair of Barr Clock®, p 511, NAWCC Bulletin, Vhole No 153, August 1972,

909, “Information for restoration of Tiffany Never-Wind*, p 907, NAWCC Buileiin, Whole No 161, Deceaber
1972,

910, "A Helpful Response®, p 75, NAWCC Bulletin, Whole No 174, February 1975, Letier from Charles W Botios, o
Los Alamos, about an electric tlock vith sweep seconds similar to one in the February 1962 issue and another (\’)
in the October 1974 issue; (Bill Burmhan and Or Harlan, respectively), The writer 'feels sure' that the

tlock vas made by the 'New York $tandard Waich Company' bui does mot give his reasons for thinking so,
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911, "Alexander Bain", Charles K Aked, pp 345-346, NAWCC Bulletin, Vhole No 177, August 1975, A prepar-
atory briefing for the proposed Bain centenary exhibition in the Science Museum, London,

912, "La Bulle-Clotk Horologerie Elecirique®, p 611, NAUCC Bulletin, Vhole No 185, December 1976, Book
reviev of Henry L Belmont's book on the Bulle clock by Henry B Fried, (A good critique),

913, “Electrifying Time", Charles K Aked, pp 192-194, NAWCC Bulletin, Whole No 187, April 1977, A des-
cription of the exhibition of electrical timekeeping held in the Science Huseum, London, from 15 Decenber 1976
until May 1977,

914, "Singer Request: Self-Winding Clock Co®, p 70, NAWCC Bulletin, Whole No 210, February 1981, Contlus-
ions drawn; Serial No's below 62,730 prior to 1308, below 112,956 prior to 1917, below 196,212 prior to 1929,
Information from J J Singer, University Heights, Dhio 44118,

915, “Henry Warren Electric Clock made in Ashland, MA", ‘'Ansver Box', p 73, NAWCC Aulletin, Whole No 210,
February 1981, Letter requesting information on the battery driven Varren electric clock, Answered by Marty
C Feldman, who quoted the two US patents, No's 1,160,346 and 1,144,943, Varren later perfected the synchronous
electrit clock and was responsible for persuading the electric power tompanies to run at constant frequency,

916, "Zenith Hot Wire Electric Clocks", p 185, NAWCC Bulletin, Vhole No 211, April 1981, Request from John
Cammarata about the Zenith electrit clocks using bimetallic springs based on the patents of € O J Jamin, circa
1921, of Holland, The bimetallic springs were activated by electric currents,

917, “Who is Collecting Electric Clocks?" pp 309-310, NAWCC Bulletin, Whole XNo 212, Jume 1981, Talk by
Harty C Feldman at the Chapter meeeting of 4 April 1981, He is shown on p 309, Past-President Robert Brown is
shown vith his collection of electric clocks, also Dale Milsark with a Varren electric clock, p 310,

918, "Accurate tining of Grandfather, Mantel and Vall Clocks®, R W Ellas, pp 234-237, NAWCC Aullelin, bhole
No 212, June 1981, This uses a synchronous electric clock movement with a mirror fitted to the minute hand,
and another strip with a mirror $o the clock being rated, The author assumes that the pudblic electricity
supply has a constant frequency, this is far fron the case in Engiand, A somewhat zany conception,

919, "Report of Electrical Horology Society®, pp 360-361, NAWCC Auilefin, Whole No 218, Jume 1982, An
illustration of an early ATD electric clock, circa 1930, housed in a pillar and scroll case, shown on p 360!

920, "Electrical and Electronic Clocks and Vatches®, p 227, NAUCC Bulletin, Whole No 223, April 1983,
Review of J D Weaver's book by Henry Fried, Points out that American reference sources are tonfined lo Varren
and Marrison, Not an over-enthusiastic critique, pp 224-225 of the same issue cover a query by John W
KcKenzie about a Barr electric clock answered by Marly C Feldman, This clock was manufactured in Ithaca by
the conpany which bought out the Poole Ciock Company, the Barr Manufacturing Co which was pari of the Horse
Chain Co and which laler became part of the Borg-Warner Group, The clocks were not a financial success,

921, "An Intricate Bangor Electric®, ‘'Answer Box', p 499, NAWCC Bulletin, Whole No 214, October 1981,
Enquiry from Art Bjornestad, 6lendale, California, 80 beat pendulum clock driven from 3 voll battery, reset
gravity arm drive, patent taken out by Valter J Dudley, Patent No 648,487 dated 1 May 1900,

922, "An English Eureka®, ‘'Ansver Box', p 504, NAWCC Bulletin, Vhole No, 214, Oclober 1981, 0 D Corbet
asking for information on the Eureka clock, answered in full detail by Marty C Feldean,

923, "South Bend Watches®, 0 B Frye, p 654, NAWCC Aulletin, Vhole No 239, December 1985, In an article
nainly devoted to vatthes, it mentions that the Studebaker Waich Company was formed and electric clorks were
introduced into the mail order lime, 'Nr Gratzol states that Telechron motors were used at first, but a
policy decision caused a switch to 6E, The GE motors had stoppages and fimally Wesiinghouse motors were used,
A 16 size, 9 jewel, double roller escapement was used on the electric ctlocks, The ones I have seen are in
vooden beehive style cases, stanped S B and numbered on the botton’, An illustration of serial no 8B 3] is
shown, behind the dial view shovs an 18 size watch movement, The method of revinding is not mentioned,

72



6U

Y,

924, “Electrically powered Clocks", p 313, NAWCC Aullelin, VWhole No 224, Jume 1983, Brief mention of elect-
ric clotks in article by Philip E Balcomb for novices,

925,"Notes on the Franklin Clock Company Mystery", Dr Benjamin J Novak, p 602, NAWCC Bulletin, Vhole No
209, Decenmber 1980, Included in the article is a section on the electrified version of the Franklin chiming
longcase clocks introduced about 1935 by Stefan Pavky, If vas so-talled because Pavky greatly adnired
Benjamin Franklin, A small electric motor was used for rewinding the time train and weights for the chiming
train, Pavky was tone-deaf and the chime tubes were merely cut to length against a reference set!

926, "A Modern Tower Clock®, Donald Plummer, pp 641-643, NAWCC Auwlletin, Whole No 209, December 1930, This
describes hov to drive a tower clock using a shaded pole motor switched by a triac which is operated from a
sagnetic reed switch actuated by a small magnet on the final shaft of a synchronous clock molor, As there is
no fixed amount of motion for the shaded pole motor, it seems a precarious system for atcuracy, '

927, "What Time is It*, Wilbur L Pritchard, pp 604-618, NAWCC Aulletin, Whole No 203, December 1980, A
good article on the measurement of time, including on pp 609-610, mention of hydrogen, rubidium and caesium
atomic clocks: and again on pp 617-618, further aspects of this field of timekeeping,

928, "Railroad Station Clock®, 'Vox Temporis', p €72, NAWCC Auiletin, ¥hole No 209, December 1980, Letter
from M ¥ Bartels showing the wiring diagram for a Self-Winding Clock connected to a Morse Wire, The lotal
tlock battery circuit is actuated by a relay operated by the line turrent, Address of Self-Vinding Conpany
given as 205-211 Willoughby Avenue, Brooklyn, New York, in 1923, The firn's office moved several times,

929, “German Eureka Clock®, 'The Answer Box', NAWCC BAufleiin, Vhole No 209, December 1980, Enquiry from
Bernard 0liff, Statsboro, about his unusual electric clock, accompanied by a very poor photograph, Answered
by Marty C Feldman to the effect that it was a German Eureka tlock,

930, "American Clock Company®, 'The Answer Box', NAWCC Aulletin, Whole No 209, December 1980, A ietter from
Robert A Simon, Pittsburgh about a weight-driven wall reguiator rewound by an electromagnet, Farty C Feldman
replied that it was made about 1900-1915, the electromagnet altermately raises iwo brass weighted arms, The
enquirer vas referred to pp 393-399 of The Nodern clock by Vard L Goodrich,

931,"Timing the Trolleys*, Larry Treiman, pp 3-19, 20 figures including contemporary advertisements, NAWCC
Bulletin, Whole No 192, February 1978, This article is about the various mechanical vatches manufactured by
Hamilton, Walthan, Elgin, illinois, Rockford, South Bend and other firms specifically for use with trolley-car
systeas, They were generally of lower grade performance than railroad waiches whith had to be authorized for
use, A list of references is given pertaining to the electric street railvays and trolley systems, but many
references are quoted in the text itself, being from journals and newspapers, An interesting article,

932, Time Inspeclion Systems on Flectric Railways,  Hamilion Watch Company, Electric Railvay Department,
Lancaster, Pennsylvania, The front cover shows an Illinois Traciion System locomotive, Serial No 1202,

933, "All About Tubular Chime Clocks®, Hemry B Fried, pp 128-159, NAUCC Bulietin, ¥hole No 217, fpril 1982,
On page 158 mention is made of the Bauerle and Winterhalder electrically rewound chiming clocks using a Diehl
notor, Diehl being a division of the Singer Sewing Machine Co, 'The motors burmed out lifting the thirty
pound weights through a plantary gear system, They were set to be wound daily, manually or electrically,
Vinterhalder later converted these to chain-vound, with internal spring-type holding ratchet, Bauerle's ¢lock
used a one-veight systea to drive the three separate train functions,

934, “Golden Hour Clock®, 'Vox Temporis', p 205, NAWCC Aulletin, Whole No 217, April 1982, A tip by Alfred
J Perry about the Golden Hour electric clock which has hands mounted in a glass dial to make a 'mystery'
tlock, The glass was 1/8 inch smaller than the contrate vheel, allowing the glass to roll forvarc and rause 3
gain of up to fifteen minutes in a few days, Mr Perry's solution was to introduce a fev pieces of sponge
~ rubber between the two components, the friction then preventing the unwanted motion, The drive to this type
of tlock is a synchromous motor hidden in the clock base, the hands are counter-balanced to give them the
illusion of being suspended in space,

PN

L

O



O

65

935, "Vatch Timer®, ‘The Answer Box', p 209, NAWCC Aulletin, Vhole No 217, April 1982, An enguiry from A A
Nabson, Jefferson, LA 70121, about a Precise Waich Timer made by M J Lampert & Sons, Inc, New York 10, Hanry
Fried replied that the firm had not been in business since the early 1950's, the machine is a very early one
vith a neon lamp actuated by the amplified sound of the ticking waich, this appears to 'freeze' the mofion of
a disc rotated by a synchronous motor running from the 115 V supply mains vhen the rate of the watch is
torract, Obviously the accuracy of this method is dubious except where the supply frequency is constant,

936, "Abraham K Dresher, Pennsylvania Clockmaker 1859-1942", Warren Niebling, pp 266-268, 3 illustrations,
NAUCC Aulletin, Whole No 206, June 1980, Torsion pendulum electric tlocks made by Abrahan Dresher, circa
1918-20, one fitted with calendar, day of month and week indications, plus a phase of the moon indication,

937, 'Self-Winding Clock Company®, 'The Answer Box', pp 290-291, NAWCC Bulletin, Whole Number 206, Jume
1980, An enquiry from S L Hicks, Louisville, about a recently acquired example, Answered by Marty C Feldman,
giving the dates of the conpany as 1884-1952, the repair servite is no longer available, Reprint bookleis
available from Self-Winding Publications, 622 East San Antonio Drive, Long Beach, California 90807, USA,

938, "Poole-Barr-forse Chain Co", 'The fAnswer Box', pp 287-288, NAWCC Aulletin, Whole Number 206, Jume
1980, Letter from Melvin S Kaye, Short Hills, New Jersey 07078, about example with Morse Chain Co, Ithaca, NY
USA on dial, According to Marty C Feldman the clock was the 'Patritian' model # 70 and listed in 1935 at $35,
The last patent by Arthur F Poole, inventor of the clock, was No 1,945,069, 30 January 1934, An illustration
of the tlock is given, a nice mahogany bracket clock case ten inches in height, the dial has a small seconds
dial in the upper part,

939, °*New York Standard", 'The fAnswer Box', pp 292-293, NAVCC Bulletin, Vhole Number 206, June 1980,
Enquiry from Kennneth Elliott, Rossville, 6A 30741, about a Vienma type wall clock with NY STD WA Co on the
dial, Marty C Feldnan replied stating the driving voltage was 3 volts, the Patent No was 555,313 of February
1896, with a Hipp toggle system impulsing every 30-50 seconds, The pendulum has a one second swing, not as
stated by Feldman as one second period, although many models evidently were so sade,

940, "Geophone", Southwesiern Chapter report, p 304,  NAWCC Bulletin, Vhole Number 206, June 1980, A new
use for the Geophome, eaployed for detecting vibrations and seissic monitoring, by Clarence Schroeder, An
illustration of the instrument attached to a long case clock, plus the user hinself standing by a regulator
are included, The instrument was clamped to a clock and the anplified noise of the escapement used fo listen
to its operation, An article on this use was featured in the technical magazine [lime Brest published by eo-
Space who made the Geophone amplifier, Any simple amplifier would have done as well and have been cheaper,

941, “Henry Rempe and the Rempe Manufacturing Co", Stacey B C Wood Jr, pp 264-269, 8 illusirations, NAVCC
Bulletin, Vhole Number 212, June 198, It is a an electromagneticaily reset spring driving a train and a
normal clock escapement, ie an elecirically revound systen, These clocks vere claised to be better than the
Self-Winding clocks of the Western Union in one advertisement by the Rempe Manufacturing Co, Danville, Penn-
sylvania, Much information on these clocks will be found in the Jewelers' Circular-#eekly. p 55, 2 Detenber
1903; p 119, 3 February 1904; p 56, 24 February 1904; p £3, 28 September 1904; and 7The Aeystone, p 1641
October 1904, The clock mechanisms were quite crudely made,

942, “Electrical Horology Society", Chapter 78, p 323, NAWCC Bulletin, Vhole Number 212, June 1981,
Reports the visit of Dr and Mrs Shenton on 7 April 1981, A photograph of the meeting outside Marty Feldnan's
home is shown, it includes the Levy's, Marty Feldnan, Karx, De-Angelo, McBinness and Feinstein,

943, "Self-Vinding Transition Clock", p 301, NAWCC Bulletin, Whole Number 212, Jume 1981, Enquiry by Robert
R Schontz, Springfield, Illinois 62704, Acccording to Mariy C Feldman the clock vas a transition model with
the movaent made by Seth Thomas, and the rotary electric rewind motor nade by the Self-Vinding (lock Company,

944, “Leon Hatot®, p 299, NAWCC Bulletin, Whole Nuaber 212, Jume 1981, Fel Veiland, Spring frove, 1llinois
60081, enquiring what the letters A T O stand for on battery tlocks, Marty C Feldnan replied that it vas a
trademark based on Leon Hatot's mame, but mistakenly ascribes it to the anglitizing of the name vhen it is the
French pronunciation which sounds like ATD o an English ear since the French do not sound their aspirates,
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945, "Tiffany Never-¥ind", p 216, NAVCC Bulietinm, WVhole Number 199, April 1979, Enquiry about the Tiffany
electric clocks from Steve fullendore, Gambia, Ohio, The Tiffany Never-Vind vas produced for several years by
the Company of the same name under the patent 754398 granted to George Tiffany on 8 March 1904, two sodels
being produted, similar to 400-day clocks, vith torsional pendulums, the second smaller model having two
veights shaped like bullets, Tiffany always housed the mechanism under a glass dome, the same mechansisa was
used by the Cloister Clock Co, the Niagara Clock Co, and the Natiomal Magnetic Clotk Co, who placed them in
vall mounted cases as well, The driving voltage is 4K volts from three cells, A platinum finger touthes a
stationary contact at each revolution, this impulses the pendulum and the metion work,

946, "The Digital Watch Repair Manual®, Louis A Zanoni, pp 202-203, NAWCC Bwllefin, Whole Number 199, April
1979, Book review by Henry B Fried of the first book on the repair of digiital quartz crystal watches, The
book has only 53 pages but seems a comprehensive manual for the repair of the early models of quartz watches,

947, "Chester Henry Pond who staried it all®, Bengte Eugene Homming, pp 136-149, 4 illustrations, including
a photograph of Chester Henry Pond (1844-1912), NAWCC Bulletin, Whole Number 199, April 1979, This is a good
account of the history and functioning of the Pond electrical self-vinding clocks, There is a list of refer-
ences at the end of the article, The Patent No 308,521 of 25 November 1884 is reproduced in full, Pond took
out eleven patents on electrical clocks and many more on telegraph instruments, etc,

948, Self-Winding Clocks, pp 21, Illusirated, Calalogue issued by the Self-Winding Clock Co in 1908,
949, The Vestern Union Time Service, Vestern Union Corporation momograph, 1963, New York,

950, *The Self-Winding Clock Company and the Wesiern Union Time Service®, N V Bartels, pp 627-632, 7
illustrations, NAYCC Bulletin, Whole Number 191, December 1977, 4 supplement to the earlier article in the
August 1975 issue of the Bulletin, 1In 1963 the Self-Vinding Co sold out to the Vestern Union, In 1940 there
vere 100,000 custoners but the nunber was rapidly shrinking in the 1960's, The master tlock iilustrated bears
the signature J Hamblet, Electrician, Customers' clocks are shown in various styles,

951, "The Self-Winding Clock®, N V Bartels, p 317, NAWCC Aw/letin, Whole Number 177, August 1975, A brief
acount based on Goodrich's book The Modern Clock, with a few hints on setting up, It mentions that all the
tlocks ovned by the Vestern Union Telegraph Company vere abandoned when they discontinued the time servite, to
be used or discarded at the discretion of the customer, In the Chapter Reports in the same issue is mention
of a Hipp Chronoscope shown on 27 April 1975 to the Electrical Horology 6roup meeting at Charles Roth's house,

952, "Description of an Electric Desk Clock®, Joseph J Singer, pp 535-539, 5 illustrations, NAWCC
Builetin, Whole Number 220, Dctober 1982, A description of the ‘Dale RM Marine Escapement Movenent S/N
50089', A flexible cord connected the clock to a synchronizing circuit for hourly correction, The clock vas
sold for $36 or rented for $1,50 a month, Relevant references are given, with a diagram of the mechanisa,

953, "Western Union Time Service", Advertising brochure R-62 issued by the Company, 1963,

954, *Cost of Clocks and Clock Pards List®, Stencilled sheet # 1490 issued 20 May 1941 from the Time Service
Plant, Vestern Union,

955, "The Tiffany Never-Vind Clock, Description; Repairs and Adjustments®, Adolph Anend Jr (CT), pp 494-505,
16 illustrations, NAWCC Bulletin, Vhole Nunber 220, October 1982, Full description of the repairs and
adjustnents carried out on one of these clocks, The author recommends batiery holders rather than solder the
cells, (In practice the holders develop high resistance contacts, betier to solder the cell tonnections),

956, *The Warren Telechron Master Clock Type A*, Harry § Holtonb (VA) & Robert Webb (IA), pp 38-37, 3
illustrations, NAVCC Bulletin, Whole Number 234, February 1985, Description of a Warven Telechron faster
Clock Type A used for maintaining the correct frequency at power stations,

957, "Warren Master clock for Maintaining Constant Average Frequency", General Electric Company Bulletin No
46037, May 1919, Description of the master clock enabling a close check on the frequency to be maintained,
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968, “Instructions for Telechron Master Clock Type A", Bullefin ¥-13, Narren Telechron Company, fshiand, MA,

959, "Nodern Electric Clocks®, Henry E Warren, A paper read at the 6 February 1937 meeting of the Boston
Clock Club, The first master clock fitted at the L Sireet Station of the Bosion Edison Company is mentioned,
it is now on exhibition in the Smithsonian Institution, being presented in June 1964, see Aaerican Horologist
and Jeweler, Volune 31, No 6, Junme 1964, page 28,

960, “Bernmard J Edwards", p 58, Portrait, NAWCC PAu/letin, Vhole Number 234, February 1985, In his
biography for the 1985 NAWCC Election, it is mentioned that he has been asked by the Smithsonian Institution
to help in research on Howard electrical clocks,

961, “*Remembrences of Mr Bruce Haas: The Early Electric Years®, Henry A Berlach, 'Vox Temporis', p 90,
NANCC Bulletin, Whole Number 234, February 1985, Criticises Warren's Telechron motor - unfairly or from
ignorance, and describes the development of an electric alarm clock, 40,000 nodels were sold at 25 dollars
each the first year, A second model with an illuminated dial and an indicator to shov when the current was
off was called the 711, also sold for 25 dollars, it consumed 4 watls, and vas a big suctess,

962, "With Thanks for Servites Rendered®, Stacey 3 Vood Jr, p 78,  NANCC Aulletin, Vhole Number 234,
February 1985, Three menbers of Atlanta Chapter 24 spent Thanksgiving Veekend 1984 installing transforners
for the wall tlocks in the NAWCC Museum to use house current instead of difficult to obtain batteries, A
half-page illustration shows Or Allan F Shaw, Bernard J Tekippe, Stacey 8 Vood and Villiam H Bradley,

963, *The Stanford Products Company of San Francisco, Calif,' George Theobald, pp 421-423, 7 illustralions,
NAWCC Bulletin, Whole Number 100, October 1962, Until 1962 it was forgotten that the Stanford Products Co
produced electric tlocks, the firm only manufactured these during the years 1931-1932, Some of the models had
calendars and alarns, evidently the introduction of the Hammond Clock Co Bi-Synchromous clock vas too compet-
etive, and although the firs produced the Duokron to run the clock for aboul ten seconds to bridge a short
interruption in the supply, only a few vere made, The firm vas owned by David Spector, the chief engineer was
Villiam R Browning, and the designer of the 'duokron' was Shermund, (Note the commection between 'Duokron’
and 'Bi-Synchronous'),

964, "The Evolution of Early Battery Driven Clocks", Tom Bosschieter, p 707, NAWCC Fulletin, Whole Number
239, December 1985, A 44 Minute, 28 slide discourse on the development of battery driven pendulum tlocks,
Further programmes are listed on pp 708-710: Early Batiery Clocks - Glenn Marsh, The Elecironic Watch -
Armand Van Velthoven, 1982 Chicago Regional Exhibit of Electric and Battery Operated Clocks, Restoration and
fdditions of Elactric Vind for Brown Street Clocks - Chapter #116, Electromagnetic Clocks - Or I 6 M Cleator,
The Evolution of Early Battery Driven Clocks - Ted Bosschieter,

965, *Car Clocks®, Scott KcCamn, Reprinted from OJd Cars Weekly, p 725, NAWCC Bulletin, Whole Numder 229,
December 1985, A letter from Jerry Zimmer giving an article published in 01d Cars Weskly, The author blames
the demise of old car clocks on low voltage as the battery deteriorates with long standing, Whilst the
battery volts are normal the clock operates the rewind correcily, vhen the voltage drops to the point where
the contacts do not separate, the coil is shoried across the battery, The writer considers the continuing
turrent to burn out the coils as they were not made for such conditions, (At low voliage the current will
often tause a vibratory effect similar to a buzzer since the armature cannot be atiracted sufficiently
strongly to step one tooth of the ratchet wheel, it depends upon the characteristics of the revinding system),

966, "Horology of World's Columbian Exposition, Chicago, 1893, Part 3", N H Lewis, p 737-741, NAWCC
Bulletin, Whole Number 239, December 1985, This states on p 738 that the 24 May 1893 issue of Jewelers'
Circular on page 26 includes an outline of the 'Du Lamey Electric Clocks' - 'The former has a large pavilion
of ebony black relieved by lines of gold, In each torner stands a pedestal sumounted by a novenent without
dial, showing the sechanisa, Clock parts are exhibited in cases, and at each end of the line stands a grand-
father clock, A full line of the factory's products is shown all connected and synchronized, the idea being
to show that any nusber of tlocks could be controlled by a master clock, A large tircular time-piece on the
vall above the exhibit bears the mame of the company and serves as the official tine-keeper for the south of
the building', The Self-Vinding Clock Co also exhibited and their stand is shown on the ground plan, whereas
the Du Laney Co were placed in the electricity section in the south gallery,
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967, "Electromagnetic Clocks", Ian Cleator, p 763, NAVCC Bwllotin, Vhole Number 239, December 1985,

Report of the Chapter 129 Sundial, 15 August 1985 meeting when Dr Ian Cleator presented his lecture,

968, *Electrical Horology®, Martin Sweisky, p 617-618, Portrait of lecturer, NAWCC Bulletin, Whole Nunber
238, October 1985, Report of the Phildelphia Chapter No 1 on the lecture given 19 May 1985, the early
naterial seens to have been compiled from material researched by Charles K Aked,

969, "Just Hov Bood was the Shortt Clock?®, Pierre Boucheron, pp 165-173, 9 figs, NAVCC Aulletim, Whole
Number 235, April 1985, #An outline of tests conducted on Shortt No 41 at the Naval Observatory, Vashington,
This shows the various itregularities better than ever obtained before, An excellent amalysis,

970, “Working Stiffs", Louis Auerbach (NY), pp 189-196, 20 figs, NANCC Bulletin, Whole Number 235, 1985,
Mentions the International Time Recording Conpany School Programmer, the Self-Vinding Clock, Ansonia Clock Co
street lamp svitch for the Tork Company, amother by Sauter, Switzerland called the Astrononical Tine Switch; a
Telephone Manufacturing Co Chronomatic rate timer, and the Iniernational Time Recording Clock Clock master
tlock, All are illustrated,

971, "Notes on the Nelson Post Dffice Clock®, Henry Rodgers (N2), pp 696-697, NAWCC Aulletin, Whole Nunber
233, Decenber 1984, Electric rewinding of the Nelson Post Dffice Joyce clotk, also the use of a synchronous
notor in place of the pendulus which is unsuitable for use in the earthquake zone where Nelson is situated,
The clock is exactly as before except that the synchronous motor releases the escape wheel teeth,

972, "Poole Bravity-Electric Clock®, Victor E 6rove, pp 502-503, 1 fig, NAWCC Bulletin, Vhole Number 50,
October 1950, An elementary outline of the Poole eleciric clock,

973, 'Time', Royale 6 Foote, pp 380-383, No figs, NAWCC Bulletin, Whole Number 48, April 1953, In a
general talk on Tine, the quartz crystal clock, the synchronous clock, frequency theck of generating stations,
VWV Tinme Transeitting station at Eight Mile Road etc, all at an elenentary level,

974, The H 1 A Journal, p 205, NAWCC Bulletin, Vhole Number 44, Jume 1952, Mention of an article in this
journal entitled ‘A Brief History of Electrical Timepieces', about a page and a half, with four illustrations,

975, "The Chronoscope®, DOr ¥ B Stephens, pp 42-43, 1 fig,  The Timekeeper, Volume 1, No 4, March 1945, In
an article sainly concerned with nechanical chronographs, mention is sade of an electric chronoscope,
illustrated as fig 31 on the previous page, this is the 'Telechron' with Digital Display, The author has
little idea of his subject since the title should be 'The Chromograph', (Incidentally the Master Index only
lists the illustration),

976, "A Scarce Electric Clock®, pp 251-251, ) fig, NAWCC Bulletin, Whole Number 18, Jume 1947, Letter
from Nr L A Rear of Pasadena about his Eureka electric clock which he mistakenly attributed to the clock's
retailer - Mappin & Webb, He has the wrong voltage applied to his tlotk and is under the inpression the
balance swings in seconds (One-metre pendulum), I% swings in | 1/3 seconds, 45 %o the pinute,

977, "The Eureka Clock Co (Mappin & Webb) Electric tlock, pp 265-267, 1 fig, NAWCC Bulletin, Whole Number
19, August 1947, Replies to the earlier letter of Mr Rear from Arthur Tremayne, Valter H Bentley, and Dr
Alfred & Cossidente, That by Bentley is the most informative, A Mr Pugsley and a Mr Massey also vrite, and
Nr Raab of the Elgin Watchmaker's College quotes the Eureka in Electrotechnit fir Uhreacher by Johannes
Zacharias, This latter is, of course, an entirely different model, Dr Cossidente's clock is illustrated,

978, "The Eureka Electric Clock®, pp 329-330, NAWCC Bulletin, Whole Number 21, Decenber 1947, Mr D ¥ Case
of Richmond, California, gives some previously unknoun details, mentions Rawlings Science of Clocks and
Vabches which states few electric clocks run on batteries, One of the best of them vas the Poole tlock aade
by the Morse Chain Co, The Barr Manufacturing clock (the same nodel) is quoted as being new, A further
sention is made in the mext entry from Mr Joseph A Sasek vho states he saw many of thea in the second-hand
shops on Second and Third Avenue, New York, and he remenbered having many to repair in the years 1922 to 1930,

'Sonehow people did not take to them, probably because they did not renev the patteries often enough',
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979, "The Eureka Electric Clock™, pp 300-301,  NAWCC Builetin, Whole Number 20, October 1947, Letters from
Malcolm Gardner, Or F A B Ward and Onar D Fisher which add little not already known,

980, "The Evolution of Early Battery Driven Clocks®, Tom Bosschieter, p 707, NAWCC Buwlletin, Whole Nunber
239, Deceaber 1985, A 44 Minute, 28 slide discourse on the development of battery driven pendulunm clotks,

981, The Digital Electrenic Watch, Tom M Hyltin, pp 552-553, NAWCC Bulletin, ¥hole Number 202, October
1979, Book review by Henry Fried who states it is the first book on digital watches, a phrase he also used
for Zanoni's earlier book, see Entry No 946, however Hyltin's book is a historical survey to instroduce the
subject to those with little previous knowledge, It is recommended by Fried as an excellent introduction,

982, ‘“Harrison Request: Reason Batiery Clocks®, p 394, NAWCC Bulletin, Whole Number 207, August 1980,
Request for the serial nunbers of Murday clocks in the possession of NAWCC members, Only about 25 known,

983, "Recent Donations and Additions®, pp 672-673, NAVCC Bulletin, Vhole Number 203, December 1979,
Includes 'Mastercrafiers' eleciric timepiece, 'Fireplace' model #272 donated by V D Bundens; Electric 'povers
of 2' timepiece, 6 Gaspar; "Instructions for Self-Winding Synchronized Clocks 1923-R and 1900-R, "Schedule of
Parts, Style F* donated by B E Honning; and photocopies of 11 patents 1874-1890 from Chapter 78,

984, "German Quartz Clocks", pp 91-92, 1 fig, NAWCC Bulletin, Vhole Number 204, February 1980, Outlines the
progress in Germany fron 1954 with the introduction of the ATD pendulum clock and the first guartz clocks in
1967, by 1980 the Germans had achieved the leading position in production of quartz clotks, The item wvas
submitied by VDU Presse Service, Postfach 1866, 7530 Pforzheim, The illustration shows girls assembling
nodules at benches - it shows little change from decades ago - it is not a mass production assembly line,

985, °"Recent Domations®, p 82, NAWCC Buwllefin, Wnole Number 204, February 1980, The electrical items
include a 'Certina Biostar' electronic watch, Synchronar solar powered wrisiwaich, Timex quartz wrisiwalch,
ainiature electronic alarm clock on chain, Hamilion prototype electric desk timepiece made by Fred Kohler
circa 1955, Darche electric searchlight alarm clock, Telechron '6 E refrigerator' timepiece,

986, "Electric Chime Clock®, p 661, NAWCC Bulletin, Whole Nunber 148, October 1970, Made by Revere Clock
Company circa 1935,

987, "Electric Bi-Chronous Clock®, p 942, NAWCC Aw/lelin, Vhole Number 150, February 1971, Query about the
repair of a Hammond Bi-Chronous electric synchronous cleck,

988, “Electric Synchronous Clocks", p 681, NAWCC Aullelin, Vhole Number 160, October 1972, Gives list of
nanufacturers of electric synchronous clocks in I1llinois, These include: Chicago Vatch Co, Chicago; Clock
Products Co, Chicago; Haddon Products Inc, Chicago; Hammond Instrument Co, Chicago; Hilton Manufacturing Co,
Chicago; Hamson Clock Manufacturing Co, Rockford; Jefferson Electrical Co, Bellvood; Dld Colony-Middlebury
Clock Co, Beardstown, Mastercrafters Clock Co, Chicago; Sewing Clock Manufacturing Co, Chicago; Sheldon Clock
Corporation, Chitago: Westclox (Beneral Time Instruments Corporation), La Salle; Valby Clock Co, Elgin, Many
of these had ceased trading by the time of publication of this information,

989, Skelebon Clocks, F B Royer-Collard, 1969, London, pp 21-22, Under the heading of 'Electrical Drive'
is mention of a Shepherd Patemt Electric skeleton clock, it is illustrated in Figs 1-31 and 1-32, being an
ordinary looking skeieton clock mounted upon four large electromagnets, 1t vas emergised each second by eath
pair of magnets pulling down one end of a centre-pivoted beam which moved the thirty teeth escape wheel one
tooth every two seconds, The owner was a Hr George Duncan of Norwich who siated the clock was extremely noisy
in operation, Further information is given under the heading of 'Time-sigmal Clocks', A clock designed to
vork from the Greenwich time signals is shown in Figs 1-33 and 1-34, the dial carries the legend 'The British
Telegraph Manufacturing Co', This clock was supplied by Gerry Planus to Norsan Langeaid, Vashingion, The
tlock has been converted at some tine to ordimary spring drive, A letter from 6 B Airy dated 1 Decenber 1875,
is quoted, it rejects the Telegraph Company's request for his approval for their electric tlocks and he
yrites 'That under the circunstances, I prefer Cooke's clocks for the Post Office’,
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990, "'2' Striker Mystery', p 750, NAWCC fuiletin, Whole Number 173, December 1974, The case of a difficult
to repair electric clock - the Ingraham Electric T and §, the dial marked 'Semtinel Strike', using an Ingrahas
nodel Z electric motor marked 115V,60C,3W, The only time J E Coleman was stunped for 3 reply! On page 737 an
appeal for more members for the Electrical Horology Society by Hariy C Feldnan,

991, "An Dperational Treatment of the Design of Electromagnetic Time-Base Amplifiers®, M L Jofeh, p 400,
Journal of the IEE, Volune 85, 1939, London,

992, A Treasury of American Clocks, Brooks Palmer, 1967, New York, pp 311-312 illustrate several early
electric clocks including: Fig 546 - Batiery operated tinepiece made by Henry VWarren, Ashland, Massachusets,
Ring shaped permaneni magnet pendulum bonb vith eleciromagnet mounted to one side, batiery housed in ‘iubular
colunn, In the General Electric Company Collection, Fig 547 - Telechron AC wall timepiete Yodel NI, motor no
766590, made by the Varren Telechron Conpany, Ashland, Massachusets, circa 1927, James V Gibbs collection,
Fig 548 illustrates the Hanmond Bichronous and Synchronous timepieces circa 1931, the forser runs a short time
if the current fails, these were in the Brooks Palmer collection, Fig 549 shows two Telechron synchronous
tlocks in vooden case manufactured by Telechron in the late 1930's, these have indicators to show failure of
supply; these were in the Ray Haulenbeek tollection, Also p 360, American wall battery timepiece 43 inch in
height in the Charles Tervilliger Collection, There is no supporting text in the book for any of these iteas,
it is a pictorial catalogue in the main,

993, Kelly's Directory of the Watch, Clock and Jewsllery Trades, 13th Edition, 1924, London, pp 369,
Under the heading of 'Electric Clock Manufacturers', the following London firms are listed:

1, British Horo-Electric Ltd, Makers of the 'Bulle' Clock, 42 Hatton Garden, EC1, 2, A ] Brown & Co
(Indicators) 12 Sekforde Street, Clerkenwell EC1, 3, Coventry Electric Clock Co Ltd, 12 Theobald's Road, WC1,
4, Gent & Co Lid, 25 Victoria Street, Vestminster SW1, 5, International Time Recording Co Lid, 57 City Road,
ECl, 6, A Légé & Co Lid, 47 Lofting Road, N1, 6, Lowne Electric Clock and Appliances Co Lid, 108 Bromley
Road, Catford SEG and 14 Carteret Street, Vestminsier SW1, 7, Magneta Time Co Ltd, 14 Carteret Street, SW1,
8, Roland Neville Umfreville Pickering, 50 Upper Berkeley Street, V1, 9, Princes Electric Clocks Lid, 173
Bond Street, W1, 10, Silent Electric Company Co Lid, 16 Carteret Street, SWl, 11, John Smith & Sons, £2, 44
% 46 St John's Square EC1, (The 'Chronolectric' system), 12, Standard Time Co Lid, 19 & 21 Victoria Street,
EC4, 13, Stockall, Warples & Co (1912) Ltd, 6, 8 & 10 Clerkenwell Road, ECI, 14, The Synchronome Co Lid,
32 & 34 Clerkenvell Road, EC1, 'Electric Clock Manufacturers’ for the rest of the couniry are listed p 476:

1, Edwin Turner Cottinghan, Thrapston, Northaeptonshire, 2, J Dwerryhouse and Co, 30 Moorfields, Liverpool,
Lancashire, 3, Gent & Co Ltd, Faraday Vorks, Leicester, (time discipline apparatus for industrial purposes);
also at Tangent House, Blackett Street, Newcastle-on-Tyne, 4, G H Gledhill-Brook & Sons Ltd, Trinity Works,
Halifax, 5, Gledhill-Brook Time Recorders Lid, 23 Market Sireet, Huddersfield; 206 Corporation Sireet,
Birmingham; 23 Manchester Street, Liverpool; and 50 Wellington Street, 6lasgov, 5, E C Kemp & Co, Central
Buildings, Galloetree Gate, Leicester,

994, The Complete Clock Book, Wallace Nutiing, Revised and emlarged by Villiam B Jacobs, Jr, Reprinted
edition 1924, Figure 503 shows the Alexander Bain electric clock in the Science Fuseum, London, It is not
included in the previous two printings of the book in 1924 and 1935, No technical details given,

995, Britten's 01d Clocks amd Wabches and Their Makers, Ninth Edition revised by Cecil Clutton, 1982,
London, The edition of 1986 is exactly the same, The treatment of electric horology in England on page 225,
and Aaerica on page 283 can only be described as derisory, To quote the latter in full i 'From an early date,
Howard also made Requlators and tlocks with electrical contacts for transmission to other tlocks or varning
systens', ‘Another pioneer in the field of electrical horology was John Locke of Ohio, who narketed an
electronograph in 1840, This conbined a clock with an electrical accesssory which vould carry the tlock beats
for a considerable distance and then print them on a roll of paper', 'Today the traditional designs of shelf
tlocks are being sold vith electrit clocks inside thea', (The author really meant electric clock movenents
inside the cases), The date given for Locke is far too early, he did not publish a destription of his
invention until 1850, see Entry No 293, His devite was given the name of ‘Electro-Chronograph', not as

~ described by Clutton, To be fair the rest of the book is not of a much higher standard of schoiarship and

research, it merely reflects the blinkered attitude of the auther to the subject of horology,
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996, Dictator Clock, 5,000 Years of Telling Tiwe, Roger Burlinghane, 1966, New York, Chapiers 11 and 12,
pp 110-134 cover the history of electrical horology very simply bub go from Galvani to the tuning fork watch,
Chapter 14, pp 150-160, includes the hydrogen maser atomic clock, with an illustration of the Varian Associ-
ates version, The rubidium maser vith a frequency of 6,835 x 10° Hz, invented by Dr Paul Davidovits of
Colunbia, is outlined in pages 158-159,

997, Lla Femdule Frangaise, Tardy, In three volumes, various editions, remarks here refer to the 1975 print-
ing, Considering the great activity of French harologists in electrical clocks and sysiens, and that many
eninent French horologists interested themselves in the subject; the treatment by Tardy is exceedingly sparse,
Part I1 ‘Du Louis XV & nos jours', page 481 mentions a few makers - Paul Barnier 1847, Le Roy 1854, Vériié,
Constant Force electric escapement, 1856: Hipp 1865, Xone are illustrated, On page 505, under the title of
‘Modern Clock Movements', brief mentions are made of speaking clocks, Ferry in France producing a high capac-
ity battery to run a clock for a year (the English had been oblaining three years back in 1911), synchronous
tlocks in the USA, quariz trystal clocks and vatches, the transistor application to electric clocks by Lavet
vhich enabled Pierre Leroy to develop a whole range of chronostats, Noi a singie mention of the English comt-
ribution, The significance of electrical horlogy is completely ignored by, or lost upon, ihe author, Not a
single example of a French electric clock is illustrated! In the third volume, page 648 of the English
section illustrates the mechanism of the Shortt Free Pendulun, The impact of electrical horology upon time-
keeping vas completely unforeseen by Tardy,

998, New Hampshire Clocks and Clockmakers, Charles § Parsons, 1976, Exeter, New Hampshire, The only refer-
ence is on page 326 to the gallery timepiece made by John Osgood for the Haverhill Church, New Hampshire,
which has plates the size of those used in a longcase movement, and is now electrically driven, As with many
Anerican regional clock books, the indexing is rather poor,

999, The Collector's Dictionary of Clocks, H Alan Lloyd, 1964, London, There are a number of entries
relating to electric clocks: p 30 Alexander Bain, p 31 illustration of Bain wvall clock in the Stience Museun,
p 49 Butterfly for Hipp toggle contact, p 61 Edwin Craig, illustrations of his roiling ball clock - figs 150
and 151 on p 62, Hipp is mentioned p 108 with an illusiration of the Hipp toggle clock at the Science Museun,
nistakenly referred to as a butterfly contact, pp 109-110 briefly outlines Frank Hope-Jomes' career; V H
Shortt's Free Pendulum is described with an illustration of the mechanism and a line diagram, All these
entries are very brief and contain little information not provided elsevhere,

1000, 7he History of Clocks and Vatches, Eric Bruton, 1979, Loncon, There are many references to aspects
of electrical horology in this work, however Chapter VIII, pp 167-181, covers the whole ganut of the subject,
the early part taken from Charies ¥ Aked's articles, The usual Bain portrait is given on p 167, there is a
good colour illustration of the Clockmakers' Company Bain tlotk on p 170, on the same page is an illustration
of the Electric Telegraph Company's Time Ball in the Strand, The author is not av fait vith electrical horo-
logy, for exanple he ascribes the quartz crystal ring oscillator to Essen, it vas devised by Dye and improved
by Essen, following Dye's death when Essen took over the research work at the National Physical Laboratory,
Teddington, The Elecironit watch is covered pp 198-203, with § illustrations, inciuding the first Hamilion
electric vatch movement, the Bulova Accutron, and the Omega Chromoquariz,  Useful presentation to gain a
quick understanding, but of little use to anyone with a modicum of knovledge in the elecirical horology field,

1001, *Comparaison des tontacts des pendules commandés par Balancier et par roue a rochet", M Stoyko, opp
353-356,  Anmales Franpaises de Chronowétrie, 18 Année, 4™ Trimestre, 2° Série Tome II, 1948, Besangon,
(Comparison of the tontacts operated respectively by pendulums and escape wheels), A discussion on the
relative nerits of using a pendulum o operate electrical contacts as against using the ardor of a wheel such
as the escape wheel, The contacting by pendulus, although of a short duration, is preferred, The author
states a photoelectric arrangement would be even betier but for the trouble in maintaining such a complicated
systea, The contacting using an arbor leads to variability betveen the tontacting periods, French text,

1002, Still More Tiffany Facts®, pp 773-774, NAWCC Bulletin, Whole No 160, October 1972, Letter from Hr
greiner of Breckenridge, TX, disputing some of the facts given by J F Colenan in the February issue of the
Bulletin, Mr Coleman points out that Mr Greiner's description of the operalion of the Tiffany Never-¥ind does
not differ materially from his own, the confusion arises because %r Greiner assumes anticlockwise rotation of
the tlock hands when viewed from the rear of the clock! Mr Coleman points out that they still turn tlockwise,
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1748
1800
1814
1815
1818
1835
1844
1848
1851
18563
1885
1856
1860
1865
1868
1871
1875
1877
1880
1882
1884
1886

1888

1889 -

1890
1891
1894
1897

1900

CHRONOLOGICAL LISTING OF ENTRIES

654, 1749 694, 1765 63, 1787 833,

58, 657, 815, 1809 644, 1810 817, 1812 808,

658, 817, 818, 613,

278, 279, 577, 578, 794-803, 806, 820, 821, 825, 19, 830,

804, 805, 807, 1820 826, 1822 626, 1831 827, 1834
699, 1839 260, 1840 701, 814, 9395, 1843 283, 623, 663, 697,
282, 553, 184S 383, 364, 425, 514, 699, 1847 510, 556, 568, 6i8,
518, 624, 703, 8588, 1849 562, 704, 1850, 276, 293, 707,
62, 250, 251, 376, 555, 6ii, 666, 667, 674, 1852 372, 566, 702,
237, 674, 675, 706, 707, 1854 243, 563, 672, 8688,
373, 508, 530, §70, 676, 665, 888,

676, 708, 997, 1857 111, 427, 711, 1858 709, 1889
625, 692, 901, 1861 8390, 1862 664, 706, 1864 136, 254, 515,
467, 627, 997, 1867 26, 135, 264, 452, 583,
517, 833, 1869 291, 700, 889, 1870 292, 571, 661, 824,
629, 662, 867, 872, 1872 900, 1873 630, 868, 1864 364, 630,
645, 669, 670, 983, 1876 23, 224, 413, 633, 681, 8%,
850, 888, 1878 631, 682, 713, 7M, 715, 1879 21, 260, 888,
118, 228, 252, 281, 493, €53, 734, §70, 8§72, 900, 1881 245, 304, §:7,
242, 268, 296, 375, 403, 632, 735, 1883 331, 453, 672,
254, 311, 354, 496, 603, 631, 937, 1885 246, 455, 535, 567, 636,
337, 365, 689, 1887 347, 352, 353, 354, 534, 638, 672,
137, 310, 349, 355, 356, 357, 494, 508, 554, 687, 686,

395, 637, 639, 668, 692, 633, 718, €43,

289, 309, 358, 549, 639, 668, 692, 693, 718, 8§43, 672, 501, 983,

60, 134, 476, 639, 683, 1892 285, 306, 1893 290,
231, 334, 353, 1895 272, 424, 1896 852, 587,
404, 548, 558, 563, 1898 686, 838, 1899 400, 811,
48, 82, 500, 640, 679, 680, 716, 874, 321, 8930, 1901 &8, 8, 27, 92,

638,
702,
397,
9395,
886,

997,

707,

831,

966,

648,

677,

73
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1902
1904
1906
1907
1910
191§
1912
1918
1916
1920
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1938
1937
1939
1940
1943
1946

1947

27, 286, 361, 422, 495, 501, 588, 673, 1903 389, 672, 341,
10, 366, 390, 405, 559, 560, 575, 941, 945, 1905 137, S02, 526, 812,
1, 406, 573, 574, 719, 788, 683, $38,

235, 720, 1808 324, 454, 503, 520, 914, 948, 1909 Jo2, 272, 391, 407, 573,
11, 36, 54, 88, 105, 262, 371, 367, 434, 437, 443, 450, 531, 678, 810,

103, 263, 335, 336, 396, 418, 419, 435, §11, 539, 997,

22, 108, 397, 414, 417, 497, 498, 529, 5§32, 1913 360 408, 416, 420, 564, 55, 67,
14, 18, 561, 721, 930, 1914 12, 13, 38, 398, 415, 512, 513, 586, 7iZ, 790,
685, 717, 1917 20, 914, 1918 580, 793, 813, 1919 313, 712, 723-725, 746, 957, 958,
236, M2, 343, 392, 393, 1921 25, 232, 256, 581, 562, 741,
78, 233, 350, 367, 398, 504, 541, 726, 737, 978,

41, 229, 255, 374, 408, 516, 599, 752

40, 140, 235, 329, 348, 370, 580, 653, 743, 793, 993, 594,

37, 40, 79, 80, 121, 131-133, 141, 410, 411, 513, 530, 736, 740, 732,

325, 328, 385, 401, 505, 542, 531, 604, 738, 646,

330, 368, 369, 550, 747, 748, 6396, 932,

43, M0, 241, 524, 543, 532, 739, 744, 745, 758,

271, 305, 322, 412, 499, 551, 728, 682, 684, 895, 9,

93, 84, 266, 587, 593, 594, 600, 723, 730, 742, 8%, 318, 978,

122, 223, 312, 316, 317, 595, 655, 750, 878, 678, 6§83, %63, 992,

141, 323, 377, 402, 507, 523, 544, 545, 596, 537, 749, 758, 765,

106, 112, 113, 257, 506, 651, 896,

31, 32, 138, 31, 378, 546, 727, 757, 758, 775, 786, 938,

15, 17, 30, 168, 521, 732, 760, 1936 28, 108, 115, 379, 433, 602, 774,

28, 24, 300, 524, 767, 647, 958, 1938 &, 116, 277, 318, 380, 381, €47, 753, 767, 778, 791,

16, 362, 363, 362, 388, 547, 584, 601, 751, 931, 992,

86, 321, 757, 762, 950, 1941 319, 320, 326, §i2, 731, 954,
346, 768-770, 787, 763, 1944 39, 1945 451, 885, 975,
2, 479, 754, 771, 774, 776, 777, 778, 780, 793,

229, 239, 267, 710, 733, 756, 761, 763, 764, 976, 976, 877, 578, 373,

O
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1948,

1950
1952
1955
19587
1958
19589
1961
1963
1964
1965
1966
1968
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985

1986

225, 261, 327, 766, 772, 781-784, 789, 803, 1949 234, 332, 333, 6585,
42, 56, 77, 227, 275, 314, 644, F44, 935, 972, 19581 &7, 273, 646, 660,

845, 974, 1953 253, 458, 831, 838, 973, 1954 249, 450, 964,
247, 258, 268, 270, 478, 671, 385, 1956 459, 472, 852,
85, 249, 259, 441, 461, 462, 840, 860, 632,

I, 47, 114, 430, 43], 444, 683, 684, 687, 654, 858, 861, 880, 881, 1001,
84, 429, 440, 445, 460, 463, 855, 857, 8§59, 1960 4, 649, 649, 856,
428, 432, 438, 442, 446, 457, 785, 662, 863, 1962 470, 864, 835, 963,
344, 345, 448, 481, 693, 669, 943, 950, 953,

45, 473, 681, 835, 897, 898, 901, 859, 993,
3, 70, 474, 525, 835, %00, 902,

673, 705, 837, 903-905, 984, 9396, 1967 §1, 274, 816, 873, 992,
4, 49, 69, 181, 456, 465, 655, 681, 682, 1969 46, 98, 478, 983,
59, 95, 107, 182, 183, 184, 186, 443, 386,

44, 66, 67, 185, 186, 6395, 674, 906, 987,

6,7, 61, 97, 101, 104, 186, 188, 1891, 832, 841, 842, 907-908, 3988, 1002,
64, 71, 73-75, 81, 83, 99, 100, 117, 120, 187, 189-131, 268, 447, 525, 656,
72, 80, 92, 191, 192, 200, 238, 464, 856, 310, 930,

18, 33, 87, 96, 193-136, 200, 201, 303, 654, 310, $11, 950, 951, %37,

55, 125, 197-200, 206, 239, 301, 812, 913, 996,

126-130, 201-206, 350, 351, 467, 468, 652, 876, 8§77, 688, 913, 350,

29, 139, 205, 206, 207, 213, 276, 843, 887, 931,

207, 208, 4484, 682, 945, 46, 947, 981, 983, 1000,

110, 208, 210, 212, 213, 653, 925-930, 336-340, 962, 984, 985,

35, 211-214, 914-818, 921, 922, 941, 942, 943, 544,

214, 216, 851, 9189, 933, 934, 935, 952, 955, 964, 995,

215, 216, 217, 265, 466, 630, 816, 320, 924, |

218, 219, 226, 875, 971,

218, 221, 228, 287, 297, 298, 650, 923, 956, 960-962, 364-970, 980,

169, 170-180, 220, 221, 222, 665, 848, 1987 302, 307, 308, b4,

75 2%
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NAME LISTING

Abegglen 25
Abraham 725 746
Abschmidt 147
Accutron 438 442 465
Adelaide Gallery 700
Adelsberger 758 759
Aimer 96 160
Airy 115 888 989
Aked 64 73 108 123-130
135-137 145 150-185 187
189-193 195 196 200 201
204 213 215 218 223-226
228 237 238 298 299 301
304 307 308 369 466 468
477 653 656 848 887 911
913 968 1000

Babcock 893
Baillaud B 397 398
Baillaud J 399
Baillie 273

Bain 62 73 77 86 124 145
181 188 191-193 195 276
299 326 383 384 452 455
464 465 467 468 477 524
631 669 674 700 835 864

886 984 994 999 1000

Balcomb 924
Bangor Electric 921
Banhanm 208
Banks, Joseph 825
Bardon 385
Barnard 386
Barnhan %10

Barr 139 908 920 938 978
Barraud 455 467 681 €82
Barrows 756

Bartels 928 950 95)
Bartrum 20 789
Bashfortih 668

705 866 867

868 869 870
Bateman 191 200 214 220
Bauerle 933
Baxter 76
FRC( 1 44
Béache 387
Beal 388
Bechmann 740
Beckett 453
Belcher 204
Belmont 912
Benhan 810
Bennet 833

Bentley P 524 907

Alte Uhren 302
Amend 955
American Clock Co 930
American Scientist 12
Andrade C 394 395
Andrade J 389-393 454
Andre 394-396
Ansart-Deusy €24
Ansonia Clock Co 970
Antiguarian Horology
66 186-222 299 664 665
Aron 51
Artificer 234
firzberger 661
Atkinson 115 116

Bentley ¥ 977
Béquerel A C 708
Béquerel E 708

Berget 400
Berlioz 628
Berner 432 848

Bertrand 401 402 413
Besangon 579
Rig Ben 463 684 888
Bigi 403
Bigourdan 404-412
Bingguely n
Bird 22] 664
Blaser 881
Blazdell 4
Blick Inter'l 207
Bloch 725 746
Blondell 414 415
Blot-Garnier 416

Bolton 295
Bond 622
Bonniksen 672

Boquet 418-421
Booth 479 7171
Borg Varner 920
Borrel 422
Bosschieter 964 980
Boston Clock Club 959
Roston Edison

Company 959
Bottom 910
Boucheron 220 297 969
Boullin 214
Bourbouze 423

Bourgeoise 485
Bowell 19 45 88

223 266 272 848
Bowyer 43 240 241 883

ATO 29 35 98 158
428 440 457 €43
895 919 944 984

Atomic Clock 85
206 239 465 873

Atomic Time 44
478 893 894 927

Auerbach 970

Auertach 812

Avia €90

Axon 669

Bowyer-Lowe 50

Bouty 549
Bradley 962
Bragg 814

213

Brasil Relojeioro 69

Braun 424
Bregquet  425-427

627 668 702 703
Breytbart 853
Bright 669
Brillié 175 219
British C & F 344

345

77

British Horo-Electric 993
British Horological
Institute 1 276 649 684
British Telegraph (o 989

Britten 995
Bromley 468
Brouwer 879

Brown A D 310
Brown A J 993
Brown E W 879
Brown T A 87
Browning 963
Brann €70
Brush 872
Bruton 464 465
B T Compteurs 346
Buckney 300
Bull 208
Bulle 113 158 161

213 221 222 2N

308 464 465 524
Bulova 206 465
Bundens 983
Burlinghame 996
Burnhan 910
Bush 34

1000

994
1000

g4
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Cady 737 739 743
Cammerata 916
Carde 872
Campiche 209 217

Carpentier 347
Case 978
Casio 126

Certina Biostar 985
Chamberlain 193
Chambers' Journal
622 629 890
Chandler 872
Chapuis 225 495
Charanan 349 486
Chevalier 416
Chew 87 186 695
Chrétien 38 235
350 487 488 489

Dadourian 712
Dal Negro 304
Dale 952
Daniels 462 477
Darche 306 307 985
Davidovits 9%
Davidson 61 107

Davis 872
Davy 6 361
Davy H 816

De Angelo 942

De Bonald 417

De Brettes 568 706 707

De Carle 230 525

De Forest 719 720

De Luc 142
796-798 801 802
806 817 820 843

De Rey-Pailhade 677
Eccles 723 724
Eckart 375

Eckhardt E A 726
Eckhardt 6 H 849
Edinburgh Journal 11
Edwards 960
Einstein 239
Electrical Design 16 83
Elect Eng Index 57 118
El Engs Inst 9 11 59 788
Electric Horology Group

186 191 200 206 207

213 214 216 218 220

228 237 238 653 665
Electric Rewind 180 191 303
Electrical Review 51 88 437
Elect'l Specialities 898
Electrical Telegraph
Tine Company 1000

Chronometron 917
Chronostat 895
Claibone 873
Cleeton 774 775
Cleator 964 967
Cleveland 309
Clifford 46
Clinker 106
Clipper Ship 164
Clocks 151 152

154-180

Cloister Clock Co 945

Clutton 477 995
Cole 991
Coleman 990 1002
Collin 490-493
Conguest 256
Cooke 865 989
Corbet 922

Deal Time Ball
218 481 650
Debbie 482
Decaux 362 363
Defossez 47 438
Dehl 99 100
Dellinger 744
Delporte 889
Delschlager
Denison 452 455

703 704

Dent E J 197 868 889

Dent H D 197 888

feprez 364 365
Deprins 881
Design Electronics
95
Dibner 840 841
Die Uhr 278 440
Diehl 933

Electrifying Time

199 201 652 911 913
Electro-Fneumatic 289

Electro-Products

17

Electronic Components

17 74 144
Electronic Design
75 83

Elektronon 108
Elgin 931
Ellicott 694
Elliott 809
Ellis 626
Ellms 918
Elrenco 67

Emmerson & Watson 275

Engel 376

Engineering Materials

and Design 120

Cornu 231 352 353
354 355 356
358 359 454
Corret 360
Cottingham 41 993
Coustet 680
Coventry Electric
Clock Company

222 993
Crabtree 182 190
Craig 999
Cristaline 49
Croft 476
Cuénod 3N
Cummings 63 159
Cunynghame 788
Curie J 734 735
Curie P 734 735
Dietach 429
Dimep 904

Dittishein 28 37
38 351 366-369
Dneprovsky 370

Dorsey 871
Drawbaugh 891
Dresher 936
Du Laney 966
Du Moncel

Dual MO8 68
Ducretet 371
Dudley 60 921
Duncan 989

Dunsheath 864
Dwerryhouse & Co 9

Dye 374 439 727 1000

Dyke 732 733 736

Dyson 140
Engler 331
English Clock

Systems 65 212
Eppner 689
Erfurth 620

Esclangon 377-380
Essen 5 206 274
381 438 439 727
772 791 880 1000
Estermann 779
Etic 876 877
Eureka Clock
126 139 160
163 214 221 222
234 258 259 265
294 464 465 787
898 900 922 929
976 977 978 979
Evarts 903

489

93

458

©

€



Fallou 382
Favarg 312
Favargar 90 494
495 692 693 848
Fedchenko 81 469-473
Feinstein 942
Feldman 915 917 922 929
930 937-939 942-944 990
Fenon 281 496
Ferguson 663

Ferranti 55
Ferrie 497 498
Ferry 997
galvani 841 996
6and 509
Gardner 979
Garnier 217 510 997
Garrard 187
Gaspar 983
Geleich 285

General Electric

Company 313 511 957 992
General Time Corp'n 988
Gensign 169

fent 3 101-104

186 216 512 513 993

feophone 940

George 764

Gerard 514 515
Gerbeaux 516

Gerlach 961

German 660 671 984 929
Gibbs 871 891 992

Haag 523
Haas 961
Hackmann 843
Haddon Products 988

Haggar 886
Hagland 728
Hall 880

Hamilton 443 46)

465 931 932 985 1000
Hamblet 950
Hawmond 305 963 987 988
Hansen 221 334
Hansen Nfg Co 314
Hanson Clock Co 998
Hanzer 148
Happersberger 872
Hardy 197 988

Harlan 910
Harris 785
Harrison 214 982
Hartley 901
Haswell 524
Hatdt 944
Haulenbeek 992
Haworth 19

Féry 499 500-507 524

FFB 897
Finlaison 193 700
Fisher 979
Fleer 472
Fleming 1AL
Foote 973
Forbes 228
Forbes H C 757
Ford 790
Forel 508
Forlatti 832
Fornier 906
Gilbert 829
Gill 21 228
6illet & Johnston
200 654
Giminghan 228
Giraud 517
Glaser 440
6lasgow 455
Gledhill-Brook 993
Gloemer 518

Golay-Bouchet €11

Golden Hour Clock 934
Good R 191 441 442

Good W E 177

Goodrich 897 930 95)

Gotham 798
Goudey 519
Goudsmit 873
Gould 14}
Graetz 813
Hayden 526
Hazen 527
Heaton 763
Hefner-Altenek 315
Hellweg 765
Herschel 802
Hess 901
H 1A Journal 974
Hickman 316
Hicks 937
Hill 561
Hilton Manufact'g
Company 988

Hipp 89 134-136
215 247 248 266
375 524 692 693
704-708 786 95}

939 997 999

Hirsch 134 215 691

Hoeft Maller 82
Holbrook 268

Holcomb 956
Holm 27
Holmes 900
Holweck 528

Fortnum & Mason 474

Forty 480
Foucault 454 509
Fox 207

Franklin Benj 925

Franklin C § 722
Franklin Institute

310

Frick 630

Fried 899 912 920

933 935 946 981

Frost 118
Frye 923
Graffigny 224 688
Grahan 694
Gramont 28 369 521 847
Granier 641
Gratzol 923

Gravat 61 194
Greadenwitz 520
Great Western 696
Greaves 768
Greenwich (R
Greiner 1002

Grimshaw 76
Grivet 522
Grosdoff 754
Grove 972
Bruen 75
Guillet 716
Guillet 716
Gunn 145
Guye 225
Honning 947 983
Hood 478
Hooke 529

Hope-Jones 8-18 30
45 48 59 89 93 94 105
140 198 203 226 227
230 236 465 649 655
769 770 788 789 999
Horelogical Journal

80 105 123-130 236

261 271 300 441-443

447 448 A58-463 646

£82-634 686 687 689

€90 710 769 770 781-784
Horophone 203
Horsford 237
Horstman 110 213
Horton 31 32 745
Howard 900 960 995

Howse 207
Huf f A7
Hull 872

Hutchinson 218
Hutton et a/ 694
Hyltin 981

79

86
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Ilbert 198
Illinois 931 932

Jackson J 43 240

241 882 883
Jackson J E 34
Jatobi 530
Jactobs 994
Jaeger-le-Coultre 613
Jagger 467 68) 682
James 191 218
Jamin 916
Kahl 706
Kapaun 535
Karcher 126
Karolus 729
Kazarinor 857
Keen 344
Keiser 726
Kellog 780
Lachat 539
La Cour 713 714
Lampert & Sons 935
Lang 540
Langley 291 292
Langmaid 989
Lanoy 642
Laurie 431
Laver m

Lavet 233 429 444-446
541-547 €43 997

Lecarme J 548
Lecarme L 548
Lége & Co 993
Le Normand 552
Le Roy 553 997

Maclear 566
Maddison F R 816
Maddison R E 816
Nagneta 39 263

324 325 524 786 993

Magnin 895
Mahieu H 567
Maltin

Inpex

200 207 216 244

Nappin and ¥ebb 976 9717

Narconi 722 782
Marcoolyn 66 191

216 221 465
Maréchaux 843
Markowitz 880
Marland 835
Marrison

31 86 323 710

745 749 751 755 773 920

Marsh 139 964
Barshall AT
Marx 942

Nastercrafters 983 988

7 International Time

Ingrahan 990

Janvier 552
Jefferson Elect'l
Company 988
Jegou 531-533
JNR 479
Jimbo 742
Jofeh 991

Jones A B 872
Jones C R 56

Kelly 993
Kemp & Co 993
Kennedy 26
Kerr 2N
Kienzle 875
Kleyer 536

Klopsteg 322
Knox-Shaw 837

Lefevre 549
Lejay 528 550 551
Leonhardt 762
Leroy 17 197 243
553 997

Leroy & Cie 229
428 640 663 895

Letombe 554
Levallois-Feret 219
Lewis 966
Liais §55 556
Lip 460
Lippmann 557-560
Lissajous TAR!
Littel 561

Liver Building 783

Nason & Fortnum 474

Mason C A 106
Mason W P 752

Massey 977
Mathieu 676
Maumené 243
Mayhrofer 289
MeCann 965

McClements 483
McKenzie 920
McMichael 238

Meacham 753
Meek 79 80
Meikson 144

Mercer 41 78 80 200 244 524

Mercer V 888
Neridian 123
Meyer 635 842

Meyrick 484
Michaels 731
Michel 816

138 172 174 370 983 393

Ives 239 318 319

Jones H 45 89 186
Jones R L 455
Jonquieres 534
Jordan 724
Joy 674
Joyce 152 176 223
Journal RNSS 301
Junghans 29 98

108 158 440 457

Kohler 985
Koloff 538
Kolomenskiy 857
Kolschitier 760

Konstantinoff 702
Kramer 623
Kundo 166 171
Kusch 718
Lloyd 999
Locke 562
Locke J 293 871

995
Locke J D 35 213
Lockyer 436 636
Loeske 563
Longley 459
Loonis 323 749
Lowne 91 194 524
Libke €91

Lucas 564 565
Lund 23 242 455

632 681-683 993
Lyons 85
Lyttieton 146

Michiels Moermans
Milham 229
Millburn 238
Miller 886
Millman 778 780
Milsark 917
Milne 216 480
Ninerva €90

Mitchell 183 191
Mityashev 854-856

321

9

703

750 878
993

467

659

201 204 265 665
858 859 862

Model Engineer 4 27 56 71 234 289

Moigno 702
Moisson 645
Moncel 372 373
Moorhouse 896
Morgan 838

Morse (Chain 896
Morse ¥Wire 928
Munro 836

709

920 938 978

Murday 105 139 155 184 299 640 982

Myles 529
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Nairne 840

Nat Mag Clock Co 945

National Time

Recorder Co 179

National Physical

Laboratory 114 274

NAWCC Bulletin 60 139 153
294 428 640 887 890-947

0id Colony-
Niddleburgh Co 988
0'Leary 789
0liff 929
Palmer 216

Palmer Brooks 992
Palmer C B 756

Famphlet 84
Parnell 296
Parris 130 257
Parry 880
Parsons 998

Patek Fhilipe 465

Patents 177 298 308 467
672 681 720-722 728-731
848 849 850 871 872 900
915 916 921 939 945 947

Patten 896
Paulsen 327
Pavky 925
Peuker 699
Perry 934

Peyer 692 693
Philadelphia 328

Quartz Crystal 465 466
478 479 761-763 766
768 789 791 792 847
973 894 973 985

Raab 977
Rabi 778
Ramis 149 278 279

829 830

Rawlings 978
Rayleigh IAL]
Rear 976 977
Reasen 105 155 982
Redier 496
Reed 690
Regnard 246 569 570
Regnault 571
Reithman 264
Reithoffer 572
Rempe 94
Renan €85
Revere Clock (o

332 333 986

Nature 240
Neher 457
Nelsen Post Office
New Zealand 971
Nettell 186 204
205 206 221 303
Neuville 644
NV St'd Watch Co 910 939

Orega 447 1000
Operater 288
Oscillograph 784

Dsgood 998
Philippot 889
Philips 784
Phillip 900

Physical Society 257 115
Picard & Frére 475
Pickering 993

Pickup 33
Pierce 792
Pipe 886
Plaister 206
Planus 989
Pleasure 81
Pledge 837
Plummer 926
Poncet 232

Pond 178 897 947
Poole 42 896 920

938 972 978
Portal & Graffigny 224 688
Powers 848
Quartz Master 690
Quayle 330
Quetelet 701
Quillam 466

Richardson D 717
Richardson J 893
Ricker 31
Riebeck 260
Riefler 334-336

573 574 575 889
Rippon 888
Ritchie E 386 455
Ritchie F 24 453 455 631
Rizzardi 196
Roamer Watches 462
Roberts 6 799 800
Roberts J A 247
Robinson T R 214 448
Rockford 931
Rodgers 9
Rodier 625
Roerhrich 899

81

Niagara Clock (o 945
Nicholson 843
Niebling 936
Nikitenko 860 861

Ninrod 689
Norwegian 36
Novak 925
Nutting 984
Dtto 80
Qughtred 215
Owen 205

Dzerskiy 863

Fost Office Engineers'
Journal 119 479-483
Practical Electrical
Engineering 138
Practical MNechanics
247 248 277

Practical Watch &
Clock Maker 93 94 122
Prasteau 456
Precise Watch Co 935
Priestley 802
Prince 40 131-133 993
Princeps 40 131-133 524
Pringle 122
Pritchard 927
Pritchett 245
Pugsley 977
Pulsynetic 3 179

221 512 524 664

Quill 477
Roger 3N
Rohde 762
Rohn 462

Ronalds 118 187 278
576-578 658 794-807
817-824 835 843

Ronan 816
Rose 887
Rossel 249
Roth 951

Rayal Astronomical
Society 5241

Royal Observatory 331
Royal Society 58 181
Royal Society of Arts 140
Royer-Collard 989

Rudd 50

Russel 33

22
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Sabine 633
Salet 579
Sampson 793 580-583
Sasek 978
Satchell 304
Sauter 970

Scarcella 831
Schafhdut) 284
Scheibe 584 738

758 759
Schellen 149
Schlindler 278
Schmidtz 872
$chonberg 585

Schontz 943
Schroeder 940
Schuler 789
Schulte 286

Schultze 645
Schumacher 282
Scientific American

85 290 434 435
Scott 190 206
Seguin 846 847
Self-¥inding Clock
Company 229 262

290 337 897 914

928 937 941 943 948

950 966 970 983
Selticon 875
Seth Thomas
Clock Co 339-341
Séve 586
Severns 898
Sewing Clock (o 988
Sharp Corp'n 875
Shaw 962
Sheldon Clock (o 988
Shenton A 186 188

194 350 351 866 942

Tardy 604 997
Tawell 696 864

Tawil 602
Taylor 214
Tekippe 962
Telavox 168

Telechron 922 923

956 958 975 985
Telephone Nanuf'g
Company 2 42 970

Temco 300
Tempex 12
Terjeson 202

Terwilliger 992

Shenton R 194 195
350 351 942
Shepherd 62 205 221

250 251 452 453 455 524

665-667 675 691 888 989
Shermann 852
Shermund 963

Shipton 53
Shonbeck Clock (o 901
Short 646

Shortt 22 66 109 140
202 221 240 241 273
297 465 478 663 674
789 894 969 997 999

Siadbei 4
Siemens €99
Siemens & Halske
252 449 450
Sievert 647 678
Silectoc 266

Silent Electric
Co 19 54 272 993
Simon 930
Singer G 143 794

795 800 803 826 843
Singer J J 914 952
Singer Swg Mch (o 933
Smith & Sons 874 875 993
Smith Alan 350

351 432 875

Smith C 587
Smith H M 206 253 766
Smith K 71
Smith R L 480
Smith $ J 30 42
Smiths of Derby 10
Smith's Clocks Lid 157 785
Swith's Industries 782 785
Swithsonian Inst 313 960
Société Gendvors 329

Texas Inst £2
Text Books 165
181 185

Theobald 963
Thompson 811

Thomson 633
Thury 311 603 679
Tiede 670

Tiffany Never-¥ind
909 945 955 1002

TN 230 481
Timbs 839
Time Falls 218 238 245

452-3 527 629 650 665 675

Solidev 74
Souchet 588
South Bend 931
Speaking Clock 216
479 480 481 650

Spector 963
Spellier 254
Spencer 648
Spencer-Jones 451 767
$tahl 552

Standard Tine 121
342 343 €8) 683 993
Stanford Produrts
Company 963
Steiger 97
Steinheil 149 270
280 282 283 589 834
Stephens C E 287
Stephens W B 975
Steuart 78-80 255 326
Stewart 590
Stilwell 318 319
Stockhall Narples 993
$tolberg 302
Stoyko 507 591
592-600 601
884 885 1001
Strauss 721
Sturgeon 78
Sweisky 967
Swinnerton 344
Sviss Time 84
Symms 768
Synchronar 985
Synchronome 64 162
167 170 173 202
203 221 226 227
267 268 269 270
484 524 787 993
Synclock 76

Time Facsimile (o 892

Time-o-6raf 327

Tine Signals 203 478
524 614-616 629 650
674 675 681 €82 683
684 685 765 893 895

Tinex 985
Tobler 850
Tokyo Electric 651
Townes 776
Tremayne 77
Treiman 931
Tresca 634
Trotter 210

524

O



@)

@

Ungerer 604 605 606 607

Van de Mark 747

Van de Pol 747 748
Van Dyke 732 733 736

Vassart 608
Vaughan 213 216
221 €95

Vaelti 25
Valker C V 614
Valker E A 320
Vallace 258 259
Valtham 931
Waltz 733
Vard 705 894 979

Varren 313 956-959
915 917 920 961 992

Vatchmaker Jeweller

& Silversmith 258 259

Watkins & Hill 814
Vatkins 261
¥atson A 275
Vatson W 694
I (Mr) 871
Yanouchewsky 621

Z Striker 990

Zacharias 778 850 977
Zanboni 143 808 825-828

United Kingdom Eleciric

Telegraph (o 476

Velthoven 964

Venner 6
Verbaandert 430
Verdeil 609

Vérité  610-612 997

Vernotte 613

Wauchope 615 616
Weaver 96 200 920
Webb 956
Webber 459
Velby Clock Co 988
Vestclox 988
Vestern Union 388
949-951 953 954
Vestminster 463
Whalley 866

Wharton Electronics 92

Whatmoor 221
Wheatstone 181
189 617 618 668
696-709 864 865

Zanoni 946
Zaugbaum 757
Zimmer 965

Versitest £90
Vigreux 219
Villey 613

Vistas In Astronomy

287
Volta 657 815 8i6

White T E 203
Vhite W P 348 619
Vietz 620
Wilding 191 206
Villiams 774 775
Vinterhalder 933
Vise 781
Wolf A 844 845
Wolf C £37-639
Wolf S M 851
Wood A B 790
Wood S B 94} 962
Wooley 872
Woollaston 798
VeV Time 973

Zenith Hot Wire
Electric Clocks
916

214
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