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THE MON-KEY . 
ELECTRONIC MONITOR AND TRANSMITTING KEY 

The Bureau of Ships in its continuing efforts to im­
prove from a technical standpoint the guality of manual 
transmission of communications, has carefully examined 

the Mon-Key, an electronic monitor and transmitting 
key. A quantity of 25 of these electronic monitor and 
transmitting keys are being made available to the follow­
ing activities under Contract NObsr--44726 for tr ial and 
evaluation tests and comparison \vith conventional speed 
keys: 

OINC, NAVAL COMMUNICATION STATION, 
CHELTENHAM, MD. 

CINCLANTFL T 

CINPACFLT 

COMFIRSTT ASKFL T 

COMSECONDT ASKFL T ON U.S.S. M ISSOURI 
(BB-63) 

COMSI.XTHTASKFLT ON U.S.S. ALBANY (CA-
123) 

COMOPDEVFOR ON U.S.S. ADIRONDACK 

(AGC- 15) 

COMN'AVFORCESWESPAC ON U.S.S. ESTES 
( AGC- 12) 

--.2._W_2 _ __/__ 
SEL. SW. 

KEY 

. 56 

39 

33 

RB 

18 

.56 

.39 

. 33 

1.5 

RC 

3.6 MEG. 

2.0 MEG. 

1.1 MEG . 

.75 MEG. 
r -
1 

.68 f 
MEGL __ _ 

3.0 MEG. 

CHASSIS 
8 COVER 

COMDESLANT ON U.S.S. YELLOWSTONE 
(AD-27) 

COMDESPAC ON U.S.S. DIXIE (AD- 14) 

CINC, NAVAL COMMUNICATION STATION, 
GUANTANAMO BAY, CUBA 

CINC, NAVAL COMMUNICATION STATION, 
PORT L Y AUTEY, F.M. 

CINC, NAVAL COMMUNICATION STATION, 
ADAK, ALASKA 

CINC, NAVAL COMMUNICATION STATION, 
GUAM 

S.O., NAVAL SHIPYARD, NEW YORK FOR 
COM 3 RADIO NEW YORK 

S.O., NORFOLK NAVAL SHIPYARD FOR COM 
5 RADIO NORFOLK 

S.O., NAVAL SHIPYARD, CHARLESTON FOR 
COM 6 RADIO CHARLESTON 

S.O., NAVAL STATION, SAN JUAN FOR COM 
10 RADIO SAN JUAN 

S.O., MARE ISLAND NAVAL SHIPYARD FOR 
COM 12 RADIO SAN FRANCISCO 

v 

R6 
7501l. 

LI NE 
PLUG 

INSULATED FROM 
CHASSIS . 

NOTE. 
RA,RB,RC CONSIST OF 
18 RESISTORS @ 5% TOL. 
RB• RA ,RC• TWICE RA. 

RB 
400 OHM 
ADJUSTABLE 

10 WATT 

COt FIGURE 1. 

-. 

, • 

S.O., PUGET SOUND NAVAL SHIPYARD 

TRIAL & EVALUATION FOR COM 13 RADIO 
SEATTLE 

S.O., NAVSHIPYD PEARL HARBOR FOR COM 
14 RADIO H ONOLULU 

S.O.; NAVAL SUPPLY DEPOT BALBOA FOR 
COM 15 RADIO BALBOA 

S.O., NOB, KOD IAK FOR COM 17 RADIO 
KODIAK 

The Mon-Key, as illustrated, serves a d ual purpose­
that of keying a transmitter and of monitoring the actual 
keying. Similarly, the unit can be used as an audio 
oscillator for code practice and instruction. It is sug­
gested that the Mon-Key be operated by itself at fi rst 
while becoming fam iliar with the functions of the unit 
and the action of the key. After a little p ractice, opera­
tors, 'includ ing speed key artists, will be able to use the 
key to fu ll advantage. Holding the key paddle to the 
left, a series of "dashes" wi ll be heard coming from the 

relay or speaker (depending on the location of the tone 
control knob). Hold ing the key paddle to the right a 
series of "dots" w ill be heard . By holding the key in 
one position and turning the speed switch, an increase 
or decrease of the keying speed \vi ii result. T he dashes 
will always be three times as long as the dots, however, 
and the spaces between successive dots or dashes will 
be egual in length to a dot. This is good because most 
operators tend to make dashes too long when using a 
Vib roplex type key. Letting the key make its own series 
of dashes is the hardest operation, and many a "CQ " is 
emitted with more than a couple of dashes on the end. 
Releasing the dash contact when a perfect Jetter has 
been made, however, is soon learned . There is no 
"swing" possible with the Mon-Key. By practicing the 
alphabet a few times and noticing the letters \vhich have 
been sent incorrectly, operators will soon be using the 
key perfectly. 

In compar ing the Mon -Key with the Vibroplex type 
of semi-automatic transmission key, it wi ll be found that 
the undesirable characteristic of the Vibroplex, namely 
hig h speed transmission of dots and slow speed trans­
mission of dashes, is not p resen t in the Mon-Key. The 
Mon-Key's re lationship o f dot, d ash and space is always 
proper, regardless of the speed of transmission. The 
highest nominal keying speed for the Mon-Key is 4 5 to 
50 wpm . 

Operat ion f rom 11 0 volts a. c. or d . c. is possible. A 
multivibrator (see figure 1) controlled and triggered by 
the key, emi ts pu lses of proper length and spacing to 
form accurately timed dots and dashes. These pulses, in 
tu rn, control a keying relay tube which actuates a sensi­
t i\·e keying relay. T he keying relay has two sets of con­
t,tcts, one set being b rought out to the terminals on the 
bottom of the key marked "T " "T." A ground termina l 
marked "G " is conn ected to the aluminum case cover and 

chassis of the unit. These parts of the Mon-Key, when 
connected to a non- induct ive keying circuit of a t rans­
mitter, will replace any standard hand-operated key. T he 
relay contacts will safely handle 2 amperes in a non­
inductive circuit. 

The other set of contacts on the relay controls the 
plate current of a triode vacuum tube audio oscillator 
which actuates a 2-inch dynamic speaker (or headphones 
when connected) . 

A flexible insulated ground wire, about 3 feet long, 
is connected to the ground terminal with an alligator 
clip on the loose end. 

One end of a flexible double conductor cable is con­
nected to the relay contacts "T " 'T ." The other end 

is terminated in a two-contact, flat surface plug for con­
nection to the shorting switch receptacle of a hand key. 

The following controls and jacks are located on the 
front panel : 
1-An ON and OFF switch controlling the filaments of 

the three tubes. 
2-A six-position switch for ad justing the speed of the 

dots and dashes while maintaining proper ratio of 
length to speed. 

3-A tone control for the audio monitor which also 
serves to switch off the audio tone. 

4-A phone jack. By connecting headphones, the loud­
speaker will be disconnected. T he tone control also 
operates with the headphones. 

Activities receiv ing these Mon-Keys are rc:guested to 
forward tc:st information, data , comments, and recom­
mendat ions to the Bureau of Ships, Code 983 . Com­
ments on the comparison o f the operation o f the Mon­
Key with COJWentional hand keys and speed key , arc 

especially invited. 
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MONTHLY PERFORMANCE 

AND OPERATIONAL REPORTS 
SONAR EQUIPMENT 

All sonar-equipped vessels will submit by confidential 
letter a Monthly Performance and Operational Report 
on certain sonar equipments. 

It is essential that the Bureau of Ships receive these 
reports in order to keep informed on sonar equipment 
performance and operation. These reports provide the 
Bureau with· first-hand information under actual operat­
ing conditions ·and . are, .therefore, of extreme value to 
the sonar program. Some of the details for the report 
may be obtained from the ship's Electronic History 
Cards and Installation Records, which should be accurate­
ly kept. The remainder of the form is to be filled in from 
operational data and bathythermograph slides or cards. 

One copy- of the report should be sent to the Bureau 
of Ships. Coast Guard vessels submitting reports should 
send one extra copy to the Commandant, Coast Guard. 
Other copies of the report are to be made as directed by 
type or fleet commanders. 

An outline of a sample form is included with this 
article. In general, it is not intended that the reports 
be confined to the spaces indicated, but rather that the 
sample be used as a guide. An explanation of items (a), 
(b), (c), (d), (e), (f), (g), (h) an~ (i), as referred 
to in the form, follows: 

(a) Transducer(s) Information. (1) Distance of 
transducer from bow (frame number). This data can be 
obtained from the installation records and plans. {2) 
Depth of transducer-above keel for submarines and 
below keel for surface craft and submarines. 

(b) Field Changes Accomplished. This data can be 
taken directly from the Electronic History Cards if they 
are up to date. Give only the numbers of the field 
changes that have been completed. 

(c) Total Hou,.s of Ope,.ation. To Date--Dm·ing 
this Pet·iod. If possible, indicate the total hours the 
equipment has been in operation from the date of in­
stallation to the date of the report. Also, indicate the 
hours the equipment has been in operation since the last 
monthly sonar report. 

(d) Total Hom·.r of Operation Lost D11ring Period of 
thi.r Rep()rt. The time lost refers to equipment shutdowns 

due to component and tube failures and other troubles 

which prevented normal operation. 
(e) General Perf ormcma ( _omments pertaining to 

general performance are reguired. Errors in ranges and 

bearings, sloppy train, etc. should be listed. Equipment 
performance is to be rated as follows: 

Excellent 

(1) Echo Ranging Equipment-tOO% return echoes 
from target for all "ping" transmissions during 
normal search speed and at limiting range for 
the day. 

(2) Listening Equipment-Continuous contact at lim­
iting range for the day. 

(3) Echo Sounding-tOO% return echoes for all 
"ping" transmissions at all depths within the 
scale limits of the indicator and recorder. 

Good 

80 to 90% of that listed for excellent. 
Fair· 

60 to 70% of that listed for excellent. 
Poor 

Less than 60% of that listed for excellent. 

This should be f~llowed by a statement of the general 
reasons which contributed to the description given such 
as "Equipment is very reliable, steady, easily tuned and 
p_ut into operation," or "Equipment i~ more dependable 
smce personnel has become more familiar with it " etc 
If t~e e~uip~ent has a PPI, state whether targ~t wa~ 
readily d1scermble, persistent, clear, etc. 

(/) Operational Difficulties. Describe the nature of 
all interference encountered; that is, tell the amount 
and . what e~ect i~ had on the scope pattern and the 
relative arc m whtch the interference occurred. If pos­
sible, state the causes of all operational difficulties en-
countered and what steps if any t k t d , , were a en o reme y 
them and the results obtained. State what interference 
the shi~'s sonar ~aused to other equipment, and what 
preventive steps, If any, were taken to reduce it. Own 
ship:s screws are _always a source of noise and their arc 
of m.terference IS fairly well known but "spokes" 
sometu~es appear due to dome reflections. Any voltage 
flu~tuat10n or frequency change of the power supply 
whiCh affects the sonar equipment should be reported. 

. (g) Ran,~e T ~ble: Maximum RanRe Obtained. This 
w~ll be the . max1_mum range at which a target was ob­
tamed and tdentlfied as a target. Sonar J\fessage. This 
will be the sonar message at the time of run on obtained 
target. Type of Target. This will be "SS," "AP," "DD," 

' ' 

SONAR-MONTHLY PERFORMANCE AND OPERATIONAL REPORT 

~·F I 

Ship --------------------~----------------------------------------------------CNnme> 

::;;o 
m 
(/) 
~ 
:?U 

0 
-1 /, ":..:/ ~ype)~ (Hull ~o.) 

Equipment Model--·~-~-·· Ser. No. __ 3;...;S~/:........_ Date Inst~lled t)t' I .. r- :By {bco/':'t/ Bt),ol .l?v;4;7" 
'? d /~-:·: :~/ j / !.> 

(a) Transducer(s) Located at Frame(s)--------------------------

Distance of Transducer (s) : Below Keel in Operating Position ----------------­

Above Keel in Operating Position ----------------­

(b) Field Changes Accm_nplished -------~--~-----------------------------------------

Period of Report ___ ............ _________________ to ------........_;.-----~-----
/ 

(c) Total Hours of Operation, To Date_"'< ____ During this Period-~,.-----~?_'-.;;..../_-_....;;./_.---'----
( ~/·_1 

(d) Total Hours of Operation Lost During Period of this Report --------------------

(e) General Performance: Excellent ( ), Good ( ), Fair (/ ) , Poor ( ) 

(f) Operational Difficulties /-- ,., 

(g) Range Table: 

Maximum Range 
I Depth 

I I Operating Frequency ( kc) Obtained (yards) 
Sonar Type of 

I 

! 
Sea 

Message Target Condition I 

Ranging Listening 

I 
I TMget I Own 

I 
I Echo Ranging I Listening Eqpt. 

Eqpt. Eqpt. (estimated) , (if SS) I Eqpt. (tuned to) . (bandwidth) 

I 

I 

I 

'! . , I 

I 
I 

I 
j 

I 

I i 
I 

I 
I 

I I ! 
I I 

(h) Sonar Personnel 

Name(0wdR~i~~): O~mting---------------~----------
' . 

Maintenance --------------------------
(i) General Remarks __ __...__...:__ ___________________________ _ 

·lr· 

Copies to: 
BuShips (!--Attention Code 983) 
Comdt. Coast Guard (1-When report is submitted by a Coast Guard vessel) 
(Other copies as directed by fleet or type commanders) · 

~ .. ~ .. 
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etc., as identified. Depth . Surface ships will report the 

estimated depth of a target that is submerged. Sub­
marines will report own depth and est imated target 
depth. Sea Condition. This will be the average sea 
condition at the time of contact. 0 perating Frequency. 
(a ) Echo Rang ing Equipment-Driver and receiver 
runed to . . . . . kc. (b) Listening Equipment-Band-
width ..... kc. 

(h ) Sonar Persqnnel. Identify by name and rating 
the men with sonar training, e ither as operators or main­
tenance men. 

{i) General Remarks. Add here any remarks not 
covered in the above items. Include new uses of 
equipment or suggested changes in use of equipment to 
achieve better results. Some of these uses may be hap­
pened upon by chance or come from proposals by 
operators or maintenance men. T his is not to be con-

trued as authority to modify the gear in any way. 

Commanding Officer 's remarks are specifically requested. 
Information concerning the newer sona r equipments 

is desired for comparison with other types and as a 
check on their troubles. usefulness, etc. It is not desired 
tbat reports be made 0 11 all sonar. The list below covers 

sonar equipments on wh ich reports should be submitted. 
This list will be changed from time to time as older 

equipments are dropped and new ones added. 

JT 
NACj NAD 
NGAj NGA- 1 
NGB 
OKA 

OMA 

QDA 
QHBj QHBaj QHB- 1 
QLAj QLA- 1 
QXB 
WFAfWFAaj WFA- 1 

It is not req11ired !bat a report be s11bmi11ed for tbe 
equipmenls listed aboz;e if the equipment has not been 
in operation. 

This report is not to be confused wi th the failure 
report form NavShi ps 383. All activities should con­
tinue to report all fail ures of electronic equipment on 
the NavSh ips 383 failure report form, whether or not 
a special operational report is submitted. 

MONTHLY PERFORMANCE 
AND OPERATIONAL REPORTS 

COMMUNICATION AND 

COUNTERMEASURES EQUIPMENT 

In order to facilitate the prepa ration of monthly per­

formance and ope.·ationa l reports for communication 

and countermeasure equipment, the Bureau of Ships 

will supply a form, Navshi ps 364 2 (3-49 ) , a sample of 

which is included wi th this a rticle. A pad o f fifty has 

been furnished to each active ,·esse! in the fleet, and ad­

di tiona l forms may be obta ined from District Publication 

and Printing O ffices. 

Note that six separate eq u ipmen ts may be reported 

on a sinl-(le form, and that the: cl assificat ion has been re­

duced to re.ilm ted. 

The exp lanation o ( the items on th<: form a re con ­

tained in the: M<~ rch i ~~ue o f B uSHIPS ELECTRON, the 

only ext eption being t hai under the heading 'Tota l 

H ours In Operation .. it i, net <: <; , ary to repo rt on ly the 

hours of operau or. for the pe riod o f the report. Th e tota l 

hours of opera tion since the date of installat ion of the 
equipment are not required. 

The March issue of ELECTRON also carried a list of 
egu ipments for which P & 0 reports were requi red . This 
list is cancelled. Beg inning immed iately, reports shou ld 
be fo rwarded to the Bu reau of Ships, Code 983, on the 
following egu ipments : 

Mode l TDZ Radio Transm itting Equipment 
Model RDZ Radio Receiving Equ ipment 

Model MAR Radio T ransm itting and Receiving Equip­
ment 

Model RDR Portable Rad io Receiving Egu ipment 

T S 5871 U Noise-Fi eld Intensity Meter (only whe:. 
used during the month) 

ME 11 / U R-F Wattmeter 

AN USM 3 Test-Tool Set (only for suggested new 
ap pl ica tions and gene ral remarks ) 

r 

. , 

-· 

CD 

COMMUNICAT ION AND COUNTE RMEASUR ES EQUIPMENT 
. MOHTHLY PERFORMAHCE AHD OPE RAT I OH REPORT 

Submit orig i nal only to Bureau of Ships 

SH IP TT~~ R T Tl\TT) I 8ND TT\IG (XXX ~0) - PER I 00 OF REPORT 

EQU I P!~E IIT MODEL TDZ RDZ RDZ 
SER IAL llO. 725 850 853 

DATE OF IIISTALLATIOfl 12 Jan 1949 12~an 1949 12 Jan 1949 

l flSTALLED BY 

Bost on Boston Boston 
TOTAL HOURS 
!U OPERAT I ON 105 125 120 

RESTRICTED 

1 March thru 31 March 1949 

.. 
HOT£ 1 - Report only the hours l ost as a d irec t result of equ1pnent de/1c 1ency durrng t h1s perrOd on t he /ollc~nne lrne: 

® HOURS LOST DUR IIIG 
~PE~R~IO~D~IS~e~e ~to~re~'I~J----L-~2~0~----~--~o~------~-5~-------L-----------L----------~-----------

@ 

t' @) 
'· \ · 

® 

® 

® 

HOT£ 2- ~~~F~~MAIICE 1 00~ -EXCELLEMT 90%-VERY GOOD 75%-GOOD 60%-FAIR 0%- I KOPERABLE 
GEIIERAL PERFORW•IICE 
(St!t: ¥o : c 2 • &nt tH' 

60 100 90 p~ .. Ct!n :agel 

MAX I MUM RE ll ABLE 
RAr~GE r s tot e 
frco~..e nc )J 10(277 .8) 15(282.4) 12(268.8) 

Type-66147 
132' above 

Type- 66147 
132' above 

T ype- 66147 
136' above 

MHEtHIA LOCA 1 ION wat erline, water l ine, waterline, 
peak of peak of foremast 

,n<;;;trrast Tt6~wast SG- 6 pflat -
!for m I PVP 1 

FIELD CHAIIGES 
3 & 4 1, 3 &4 1 & 3 ACCO~PL I SHED · 

.. 

EL ECTROfl IC Jones, F. L ET1 1 1/2 yrs. 
'lA INTENANCE 

Adams , A. D . ET2 1 yr. PERSOil flEl 

SUGGESTED IIEW APPLICATIONS 

None 

GENERAL REMARKS (I f a d dit, ona l s t:net: '-S rcoui r t'd U $C! r t~wn:o sid~) 

One' (1) t ype 2C39 tube burned out after 230 hours oper at i on . T uning difficulties 
previously enc ounter ed with TDZ cor rect ed s ince last r eport. 

Field Change No. 4- RD Z f or RDZ 4t853 has been r equest ed and will be installed 
upon r ece ipt. 

SIGNA I U ~ [ 

RESTRI CTED STOCKED IH COS Rl PORT -S ti I PS-66 

8- 1 '11 12 
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BASIC PHYSICS PART 18 

The tremendous field of electricity and electronics 

encompasses many varied types of measuring _devices 

to visually ind icate the current and voltage in vital parts 

of electrical circuits. The actual type of instrument en­

countered will depend upon the particu lar application. 

In laboratories, electrical measuring and ind icating in­

struments will be capable of much g reater precis ion than 

those normally utilized in equipment such as power 

switchboards, radio or radar transmi tters and thousands 

of other electronic eguipments. 

Although official definitions vary f rom usage some­

what, in electron ics practice the words "meter" and 

"instrument" are employed almost interch angeably to 

refer to a device which indicates and measures the value 

o.f s~me physical quantity under observation. The guan­

ttty ts usually an electrical one in electronics, of course. 

Superimposed upon this general equivalence of the 

words, however, are several fine d istinctions. W h en in 

practice in electronics we think of a "meter," we usually 

conjure up a picture of a rather small-sized device, more­

or-less ~el f-contained , indicating the values of the more­

common electrical units, such as voltage and current. 

The common, three-inch mill iammeter is an example. 

The word "instrument" brings to mind a somewhat 

larger, somewhat more de licate and p recise device, more 

elaborate in outlay and often more complex in operation , 

consisting of several separate elect ron ic LOmponents, 

which may include meters. Instruments in this sense 

tend to be employed to measure the less-common physi­

cal quantities. Jn any case, these are somewhat fin e 

distinctions, rather loosely applied in practice; generally, 

the words are more-or- l e~s interchangeab le. 

Fundamental Principles of Meters 
Electrical measurin~ device~ are designed to utilize the 

effects produced by current, voltage, etc. in an electrica l 

r ircuit to furni~h a measure of t he quantity under 

measurement. There are tn~trument s based on the effects 

manifested by both current ,1 nd \ oltage, but in practical 

Ill~ 

applications In the field of electricity we will find that 

the g reater majori ty of measuring devices are of the 

type which depend upon the effects of currents. The 

definite relationship given by Ohm's Law between the 

c~rrent, voltage, and resistance of any circuit makes pos­

stble the measurement of voltage and resistance as well 

as current by cu rrent-operated meters, as explained later. 

An electric current may be detected and measured by 

a device designed to utilize any of the previously-studied 

effects a current produces. These are the mag netic 

effect, the heating effect, and the electrolytic effect. 

The Magnetic Effect of Current 
When a conductor of any kind carries an electric cur­

rent a magnetic fi eld always appears about the con­

ductor. It has been previous ly shown that a mechanical 

force acts on such a current-ca rrying conductor when it 

lies in another magnetic fie ld, and that the force acting 

~n. the conductor is directly proportional to three quan­

tities : 1- the strength of the fie ld, 2- the magn itude of 

~he curren t, and. 3- the length of the conductor lying 

m the field . This mechanical force can easily be meas­

ured and used as an indication of the amcunt of current 

in the conductor .. The O'Arsonval and other types of 

Instruments operating on th is principle are described 

later. 

The Heating Effect of C urrent 
A metall ic conductor becomes heated and ccntinues 

to develop heat as long as current fl ows. This is 

attributed to thermal agitation by the electron flow 

within the metal 1tsel f. When a current 1 .flows in a wi re 

between two points in an electrical circuit whose 

poten tial difference is E, \\'e have f units o f electricity 

failing each second through c1 potential di fference E. 

This represents ~ loss of potential energy, according to 

the laws of ph}'Sics, egual to J:.l units per second. Since, 

by Ohm's Law, E = IR, the rate at wh ich energy is ex-

' 

pended in the wire is P = J2R un its per second. This 

transformation of electrical to heat energy is called the 

expended power and is d issipated as heat from the wire 

as fast as it is produced, when a steady current state is 

reached. This heat energy can easily be measured and 

used as an indication of the amount of current fl ow in 

the conductor. Meters depending on this principle a re 

hot wire and tbermo-co11ple meters (described later on) . 

The Electrolytic Effect of Current Flow 
During the study of electrical conduction through 

liquids, it was found that an electric cu rrent, when pass­

ing through certain metall ic salts in solu tion, will liber­

ate a mass of a s~bstance which is proportional to ' the 

quantity of electric cur rent. M ethods of elect rical 

measurement utilizing this principle require so much 

auxilia ry equipment that it is not applicable to ordinary 

electrical measurements. 

Utilizing the Magnetic Effect of Current 
To illustrate and describe the instruments that are 

actuated by the magnetic effect of an electric current, 

some principles learned in previous parts of this course 

will be briefly reviewed. 

Ampere derived the fundamental relation between 

the di rection of current flow, its attendant magnetic field, 

and the force that would be exerted through the inter­

action with another magnetic field. This princip le was 

used in explaining the theoretical operation of the elec­

tric motor described in Basic Physics, Part 14. Arsene 

.i 

~~ ~~21t_ 
FORCES REPE~ r @B) 
FORCES CANCEL: 

FIG URE 1- T he direction of f orce sboum as a res11lt of 
cancellation of [l11x lines in a D'Arsont•al meter. A 
11•eaker field rewlts. 

D'Arsonval is generally cred ited with the first applica­

tion of these magnetic re lationshi ps to a device w hich 

will indicate the presence of current flow by its magnetic 

effect, hence the name D' Arson val movement is used 

when describi ng a meter of this type. 

\XIhen a wire is placed in a magnetic field and an 

electric current is passed through the wire, it experiences 

a force tending to force it out of the field. As illustrated 

in figure 1, the reaction between the magnetic .field of 

the magnet and the lines of force p roduced by the wire 

is such that the field is st rengthened on one side of the 

wire and weakened on th e other, and the wire is ac­

cordingly forced in the direction of the weaker field. 

This force is directed in such a manner that the con­

ductor wi ll tend to move at right angles to the lines 

of flux produced by the permanent magnet. The force 

in dynes may be expressed: 

F = Bx lxL 
10 

where B is the flux density in lines p er squa re centi­

meter, I the current in amperes, and L the active length 

of the conductor in cent imeters. 

If a sing le- turn coi l is placed in the magnetic field 

c 

FIG URE 2-A method for obtaining a 1111ijormly-radial 
magnetic field. 

as shown in figure 2A, and is free to rotate much the 

same as a simp le motor, the interaction of magnetic 

fie lds produced by current .flow in the coi l will cause a 

force to be exerted as shown in the sketch. This is the 

familiar motor action, but when applied to electrical 

measuring instruments, it is known as the 0 ' Arson val 

principle. 
The forces acting in the J_Uanner shown in figure 2A 

wi ll tend to rota te the coil about its pivot axis. Since 

the combination of force act ing on each conductor tends 

to produce rotary motion, it is in actuali ty a torgue. The 

value o f a torgue is expressed in units of force and 

d istance; the d istance in th is case is the pe rpendicular 

d istance from the pivot ax is to the conductor upon 

which the force is exerted. The torgue or turn ing effect 

is proportional to the current only when the conductor 

is passing the flux lines at rig ht ang les, but it will be 

noted that as rotat ion contin ues from the position shown 

in figure 2 A, the ang le between the flux produced by t he 

field and the motion of the conductors w ill become less 

than 90 degrees. The refore, since the force on a con­

ductor \·aries a. the s ine fu nction of the ,1ngle at which 
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the atJc· lines are cut, the torque in the example shown 
will decrease. This feature is undesirable in an indicat­
in{ de~ice because of complications that arise when a 
scale is to be calibrated. 

Figure 2B shows the method used in the D'Arson­
val-type meter which permits a constant-flux field that 
is radially perpendicular to the axis about which the 
moving coil rotates. The core material is constructed 
of soft iron in the form of a cylinder which is fixed 
in position between the pole pieces of the permanent 
magnet, so that there is an air-gap of uniform dimen­
sions opposite each pole face. The flux lines are per­
pendicular between opposite .faces- of the air gap, as 
shown in figure 2B, because flux lines have the property 
of assuming any shape that will shorten the flux path in 
air. 

When a current-carrying coil is placed with freedom 
to rotate in the air-gap of figure 2C, any movement of 
the coil will move it at right angles to the flux in the 
air-gap. Thus, the force and resultant torque developed 
will be proportional to the strength of the permanent­
magnet field and the ampere-turns of the coil. The 
torque will not depend upon the angle of displacement 
opposite the pole faces, but, when the turns of the coil 
reach the interpolar regions at the top and bottom of 
the sketch, the distortion of the magnetic field will 
cause a decrease in the torque. 

The direction in which the force acts will be deter­
mined by the direction of the cu.rrent flow in the con­
ductor and the direction o{ the flux in the magnetic 
field. Hence, as shown in figure 1, for a reversal of 
current flow, the magnitude of the force remains un­
changed so long as the same field exists and the same 
quantity of current flows. 

Since the magnetic field about a current-carrying 
conductor is concentric and counter-clockwise (when 
one looks in the direction of current flow), a measuring 
device of the moving-coil permanent-magnet type can 
be used to indicate the direction of current flow as well 
as the magnitude. , 

The flux across the air-gap in a moving-coil meter­
movement must be as constant as possible over long 
periods of time, if calibration -is to be reliable. To meet 
this requirement, the permanent magnets used in meters 
are artificially-aged so that their strength will not ap­
preciably change with time. Artificial aging is necessary 
because the rapid quenching of permanent magnets dur­
ing heat treatment produces sudden changes in their 
molecular structure, and it may be several weeks before 
the magnet becomes adjusted to a stable magnetic con­
dition, because a change in magnetic properties accom­
panies any molecular change. 

Methods of aging vary. For instance, one method is 
to immerse the magnets in oil at 120? C. for one hour, 
during which the magnets J.re sometimes subjected to 

mechanical vibration· or an alternating magnetizing and 
demagnetizing force. However a magnet is aged, the 
process reduces the residual magnetism by possibly 20%, 
but tends to bring the magnet to a more permanent 
state. When permanent magnets are used for instru­
ments and meters it is most important that their strength 
shall not change wi~ time. 

The o•Arsonval Galvanometer 
A galvanometer is defined as an electrical apparatus 

for measuring current strength. It is usually inserted 
directly in the circuit to be measured, since its current 
requirements are quite small. The D' Arson val gal­
vanometer depends for its operation on the force act­
ing on conductors in a magnetic field. This instrument 
is very important because most direct-current measure­
ments of current (and voltage) are made with it. It is 
also used in conjunction with thermocouples, copper­
oxide rectifier units, and vacuum tubes ·to make many 
alternating-current measurements. 

FIGURE 3-Basic D'Arsonval or moving-coil meter moz,e­
ment shown withollf scale or frrotective case. 

A sketch of a D' Arson val-type meter is shown in 
figure 3. A permanent magnet made of an alloy such 
as tungsten steel, cobalt steel, or aluminum-nickel-cobalt 
(Alnico) produces a strong magnetic field. The current 
to be measured or a known portion of it is passed 
through the moving coil which is situated in the con­
stant field of the permanent magnet. The motor action 
resulting from the magnetic reactions of the field about 
the turns of the moving coil and the field produced 
by the permanent magnet causes the coil and the at· 
tached pointer to turn; the strength of the current is 
thus indicated on a suitably-calibrated scale. 

The Operation of the Permanent-Magnet 
Moving-Coil Mechanism 

The simple explanation just given is the basis for a 
large majority of electrical measuring instruments. Of 
course, the different manufacturing details and varia­
tions for different applications cause instruments of dif-
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ferent manufacturers to v~ry in size .. and physical shape. 
The D' Arson val instrument shown in figure 3 is typical 
of most permanent-magnet m~ving-coil me~anisms. 

The pole-piec~s serve to intensify the field at the ends 
of the permanent magnet and concentrate the magnetic 
lines of force \Yithin the region desired. The cylindrical 
soft-iron core provides a good magnetic path for the 
flux between poles of the magnet, thus producing a uni­
form field in which the moving coil travels. This com­
bination materially lengthens the life of the meter 

· magnet because the actual air-gap is very short, and since 
the field is concentrated about the moving coil, stray 
external magnetic fields will have little effect. 

This uniform air-gap is visible in figure 3 as the 
space through which the moving coil rotates. Reference 
to figure 2C should clarify the physical relationship of 
the moving coil to the air-gap between the pole faces of 
the magnet and the soft-iron core. 

The moving-coil is usually wound of from twenty to 
fifty turns of fine copper wire on a rectangular frame as 
shown in figure 4. The frame is lightly constructed of 
thin aluminum, and is fastened to the shaft which is 
pivoted at each end in jewel bearings to minimize 
mechanical friction. A pointer attached to the shaft 
provides external, visual indication of the displacement 
of the moving coil. The shaft is counter-balanced. 

A flat, spiral spring at each end of the shaft serves to 
conduct current to and away from the turns in the c_oil. 
These metal springs provide the opposing force agamst 
which the moving coil acts when current flows, and are 
also used to return the pointer to rest or zero on th_e 
seal~ when there is no current flow through the co1l 
winding. 

It is obvious that at zero current there must be zero 
force on the moving coil ; hence, at zero on the scale, 
the needle rests at the relaxed position of the springs. 
The torque is actually working against the restraining 
force of the springs. This fact is accordingly taken into 
consideration during the design of the springs. An 
idea of the magnitude of this restraining force may be 
obtained by applying Ampere's Law to the coil of a 
galvanometer. 

At any position of the coil in the air-gap where the 
flux is uniform and at right angles to the direction of 
coil movement, the torque is proportional to twice the 
force acting on the turns on one side of the coil. By 
restraining the coil movement with springs whose force 
is proportional to displacement, the movement of the 
coil will then be proportional to the current flow, and 
can be indicated on a uniform or equally-divided scale. 

Since the moving element must be very lightly con­
structed, the use of this type of instrument as a series 
meter in which the total current is measured is limiteJ 
to circuits involving very small currents. However, as 
will be shown later, by the use of appropriate shunts, 

the instrument may readily be adapted for use as an 
ammeter or voltmeter of practically any range. 

An electrical instrum~nt must be damped. If not, the 

FIGURE 4-Au enlttt"ged sketch of the moving co~/ of a 
D' Arsonval meter tvhich is pit,oted to move rn the 
tmifo,.m-flrtx field between the pole-pieces and the 
cyliiJd,-ical soft-iron t"ore. • 

pointer will not go directly to a given value of c_urrent 
and stop, but will swing to and fro, only commg to 
rest after a considerable period. To provide this damp­
ing or to make the instrument "dead-beat," the moving 
coil is wound on an aluminum frame. The edges of 
this frame are clearly visible in figures 3 and 4. When 
this frame moves in the air-gap, it cuts across the 
lines of force and a current will be induced as a result 
of the generator action. This induced current is called 
an eddy c11rrent and it like:wise has its magnetic field, 
but the polarity of the field is opposite to that_ of th_e 
field in the air-gap; thus, the motion of the movmg cod 
is opposed by a force which is proportional to the speed 
at which the moving coil cuts the flux lines. 
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The opposition to coil movement afforded by in­
duced eddy currents in the aluminum framework causes 
the pointer to swing somewhat more slowly to a given 
position, but once it arrives there, there will be little 
tendency to oscillate about that position. This is elec­
trical damping as compared to other methods (such as 
air friction damping) that are also used in electrical 
instruments. (The air-friction type has an enclosed air 
chamber in which a screened vane is swung against the 
air.) 

The Electrodynamic or Dynamometer 
Type Instrument 

The American Institute of Electrical Engineers de­
fines an electrodynamic instrument as an instrument 
which depends for its operation on the reaction between 
the current in one or more moving coils and the current 
in one or more fixed coils. 
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The basic difference between this instrument and the 
permanent-magnet moving-coil instrument is that no 
permanent magnet is used. Th~ magnetic field wh ich 
reacts against the moving coil is produced by fie ld coils 
instead. T hese are large coils of many turns of wire and 
may be seen in figu re 5 (one of the field coils has a 
portion removed for clarity). I t will be noted that the 
rest of the meter is constructed much the same as the 
D'Arsonval movement, in that the moving coils are at­
tached to a shaft which is restrained by springs and to 
which is a.flixed a pointer for exiernal scale indication. 
As indicated in fig ure 5, there a re two fixed-field coils 
and one movable coi l. 

The connections to the coil are made so that the 
magnetic fields produced by the fixed coils are of the 
same d irection and directed along the axis th rough the 
field coils. T he magnetic field produced by the mov­
ing coil will tend to a lign itself w ith the lines of force 
produced by the field coils. T he reaction between the 
two magnetic field s produces a torque that overcomes the 

FIGURE '5-The baJic_ m?ve~Jtent of the electrodynamic 
or d;numometer-type md1ccttmg imtmmem. 

res_training force of the ~pring~ anJ mO\ e~ the imlicating 
pomter accordingly. 

The magnetic field produced by the fixed coil is 
proportional to the current flow ing, as is the magnetic 
field produced by the movable coi l. The force on the 
movable coi l and the attached pointer is caused by the 
mteraction of the~e two fields and is proportional to 
the1r produd. H ence the force on the moving coil , or 
the deflection of the need le, is proportional to the 
current times the current , o r <.u rrent squared. For th is 
reason, the scale marks of equal wrrent differences are 
crowded together at the lower end anJ are widely 
~eparated at the upper enJ. 

When the in:.trument is useJ to measure alternating 
currents, the magnet1c field.'> of both the fixed and mov­
&ble coils are re\ erseJ ~unultaneou~ly with e\ ery reversal 
of turrent Therefore, the J1 reL£1011 of force acting be-

tween the coils remains unchanged in both halves of the 
a-c cycle, and the deflection of the pointer is always in 
the same direction and will be dependent only upon 
the magnitude of the current flow. There are no ter­
minals marked "plus" and "minus" on an a-c meter, 
for wh ich proper polarity must be observed when con­
nections are made. 

The Concentric-Vane Type Meter 
The soft-iron-vane type meter depends for its action 

on the deflection which takes place as a result of the 
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FIGU I~E 6-:-A graphic example of tbe meth od by which 
the 1epulsron betu•een l1ke poles can be utilized to 
produce rotary 11/0I'ement. 

repu lsion of two magnet ized pieces of soft iron (see fig­
ure 6A ) . Figure 68 shows two pieces of soft iron of 
special shape. The larger i ~ in the shape of a tongue and 
the: smal_ler m ere ly rectangular. In the position shown, a 
flux, as md1cated by the verti<.al arrows will cause both 
!Jie:<.e~ o f soft_ iron to be magnetized. If u1e tongue-shaped 
1ron 1s fixed 1n position and the smaller rectangular piece 

of iron restricted to move at a fixed distance from the 
larger, the fo rce of repulsion will be to the rig ht. This 
restriction of movement is accomplished by curving the 
fixed vane in a cylind rical fashion and p ivoting the 
movable iron p iece on a shaft as shown in figure 68. 

T he concentric-vane o r moving- iron instrument (as 
shown in fig ure 7 ) depends for its action o n the de­
fl ection which takes p lace ·between two p ieces o f soft 
iron bent concentrically and placed wi th in a coi l. 
Fastened to the inside of the coi l is a fixed cylind rical 
piece o f soft iron. Th is p iece of iron is purpo~ely made 
unsymmetrical so that the in ner, movable, soft-1ron pole-

RESTRAINING 
SPRING 

FIXED 
VANE---' 

BEARING 
PIVOT 

FIGURE 7- Cflt-au,ay view of the repulsion-type or mOil­
ing-iron meter. 

p iece wi ll deflect in a g iven d irect ion. The movable 
pole-piece is attached to the shaft, which is pivoted in 
jewel bearings. The two pieces of iron are held but 
a small d is tance apart, and any movement is restrained 
by the coiled springs. When the coil is energized, it 
magnet izes both pieces of iron in the same di rection, with 
the result that they repel one another. T h is repu lsion 
causes a movement of the movable iron, and hence th is 
meter is called a repulsion-type meter. T he extent of 
movement depends on the amount of exci tation produced 
by the coi l and the tension of the spri ngs. 

The scale of this type of instrument is neither linea r 
nor of the current-squared variety because the final shape 
of the scale can be modi fied h}' the shape of the fixed 
pole piece as well as the concentric vane. This instru­
ment has the same advantage as the dynamometer 
type in that it may be used on alternating as well as 
direct cur rent. When used on a. c., the reversal o f mag­
netism due to the a lternating current wh ich occu r in 

the coil also change the polarity o f both p ieces of iron 
so that the deflection remains constant in di rection . 

Instruments That Utilize the Heating Effect 
of Current 

Measuring devices that depend on the heating effect 
o f an electric current are called thermoammeters. The 
heating effect is a fu nction o f the power expended and 
varies as the square of the current (hence a device ac­
tuated by tem perature wou ld have a non-li near scale 
ca libration) . 

There are two genera l types of thermoammeters, the 
hot-wire ammeter and the thermocouple type. T he hot­
wire type depends for its operation upon the prope rty 
possessed by all pu re metals of expanding when sub­
jected to heat. T he thermocouple instrument uti lizes the 
potential difference developed ac ross a junction of two 
d issimilar metals when the junct ion is heated . 

The explanation of the hot-wire type instrument is 
gi\·en, not as a detai led study o f the meter itsel f, but 
rather to show by an example the manner in wh ich the 
work done by any cu rrent varies with an increase or 
decrease of the current in a circu it. 

H ot-wire instruments indicate current magnitude by 
mechanical coupling to a metall ic wire whose coefficient 
of linear expansion is accurately known, such as p latinum 
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F IGURE 8 - 11'' orkin~ sketch of a hot-ll'ire type thermo­
ammeter. 

wire of constant cross section. Figu re 8 shows a work­
ing sketch of a hot-wire instrument. T he p latinum 
resistance wire is heated by the passage of current and 
expand s or stretches. This allows the sp ri ng to contract 
and move the pivoted pointer across a suitably-calibrated 
sca le. The scale is calibrated in te rms of the square of 

the current. 
T he applicat ion of this type of instrument is limi tecl 

in the fie ld of present da}' electron ics because of its 
mechanical complexi t}' and the lack of permanence of 

its calibrations. 
T he thermocouple ammeter has practica lly replaced 

the hot-wire type o f meter. The operation of the 
thermocouple meter depends upon the f a<.t that when 
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physiCal contact ts made between two dissimilar metals 
and the junction is heated, a difference of potential is 
built up across the junction. The magnitude of the 
potential difference is a direct function of the types of 
dissimilar metals used and the temperature of the junc­
tion. This is the Seebeck Effect explained in Part 14 of 
Bash Phys;cs. A sensitive 0' Arsonval galvanometer is 
connected across the thermocouple and is activated by 
the current which flows as a result of the voltage de­
veloped across the heated junction. 

Two types of thermocouple instruments will be dis­
cussed. They are the direct-contact and the separate­
heater type. Both consist of thermocouples that are 
heated by the power expended in a resistance wire as 
a result of current flow. 

The arrangement shown in figure 9A is employed in 
most thermocouple meters in use today. In contact with 
this heater element is the thermocouple junction. When 
the current to be measured is passed through the heater, 
power equal to JZR. is dissipated in the heater, ra i~i ng 

f iGURE 9-T he two types of thermoco11ple ;nstmments 
rommon!y 11sed. 

the temperature of the thermocouple junction. This 
causes a d-e potential difference to exist between the 
cold terminals of the thermocouple, and this voltage 
will force a direct cu rrent through the sensiti\·e moving 
coil instrument. The amount of current through the 
meter will be determined hy the voltage across the 
junction and the resistance of the coil movement. 

Although special wires are used in high-grade thermo­
couples, a voltage \vii i he produced between any two 
unl ike wires in di rect contact; for instance, at a junction 
between pieces of copper and iron at a temperature of 
100° C. there will he produced approximately one­
thousand th of a volt across the thermocouple. In sen­
sitive thermocouples the wi res are very delicate, so they 
are mounted in an evacuated g lass bulb with the heater 
leads and the meter leads brought out through glass 
seals. This protects them from mechanical i nj~ ry, ~re­
vents air f rom conductinJ! heat away from the JunctiOn, 
and consequently makes the thermocouple more sensitive. 

The separate-heater type of thermocouple, shown 

in figure 9B, is particularly well-suited for measurements 
i~ radio-frequency circui ts. It has been specially de­
stgned to reduce the errors that thermocouples introduce 
into r-f circuits. Because of the importance of this 
meter in communication circ..uit measurements, it will be 
encountered quite often. 

The insulating bead is placed between the heater and 
the thermocouple junction. This bead electrically in­
sulates the thermocouple junction from the heater wire. 
The material chosen for the bead, however, has good 
heat conducting properties, so that the heat from the 
hea~er is readi ly co~ducted to the junction. By carefu l 
choiCe and constructton of this bead, the separate-heater 
type thermocouple has been made almost as sensitive as 
the contact type in which the heater and junction are in 
metallic contact. 

Ammeters and Voltmeters 
Instru~en ts for •.neasurt~g current and potential dif 

ference 111 commern al appltcations are gal f ' vanometers o 
a more substantial type than laboratory · t . . ' ms ruments. 
There ts no structural difference between an ammeter 
and a v.o ltmeter, ~nd b~th deflect in proportion to the 
~u rrent m the movmg cod. The difference between them 
1s one of electrical resistanGe The inst t d . · rumen s are e-
s1gned so that their introduction into a · · f ctrnut or pu r-
poses of measurement will not change . hl . . ' apprecta y the 
quanttttes they are intended to measure 

In the ammeter the coil is provided 'tl b 
II d 1 

Wt 1 a y-pass 
ca e a SIJ//111, connected di recti}' 1 " . across t 1e meter 
termmals so that the current in tile .1 .11 b COt WI C on ly a 
sma ll hut definite part of the entire c t . . ' . urren tn the Cl r-
n ut. The ammeter has a ver}' low re · t 

. SIS ance so that the 
potenttal drop across it will be small N 

b k 
' · atura lly care 

must e ta en to have enough resist . 1 '. . · . . a nee tn t 1e ct rcltlt 
assoc1ated wtth th1s meter so that th . 
I
. . e current wdl be 
1mtted to a value within its range A 

b 
· n ammeter shou ld 

never e connected across the so f urce o em f f 't 
would almost certainly burn out imm d. 1· · ., or 

1 

e tate y 
In the voltmeter, the movable .1 . · 
· . · . cot ts connected 1n 

sertes wtth a res1stance so that th . 
d 

. ' e tnstrument tna}' he 
connecte d1rect ly across a SOL f 
t k I 

. . . . lrce o e.m.f., and }'et 
a e on y a small current. A voltm t I . . . e er 1as a hu>h re-

Sistance so as to d1vert as little . 0 

the ci rcuit to whicl ·t · current as poss1hle from 

I 
1 t IS connected. In a sense the 

vo tmeter protects itself because f . 1 . • ' 
I 

o 1 ts 11gh res· t . 
1ut care must he · d ts ant e, ' exerose not to appl . . 
ences exceed ing tl . Y potenttal dtffer-

le range of the tnstrument. The ran c 
of a vo ltmeter can he extended ·r d . g 

dd
. . 1 es tred by the s ( 

an a ttlonal series resistance ext I u e o 
S 

· erna to the inst 
uch an auxiliary resistance . II d . . . rument. 

ts ca e a nw!l!plter. 

Ammeter Shunts 
A shunt is a conductor of low . . 

carry the bulk of tl r resistance designed to 
le tne current, while setting up a 

potential difference across the terminals of the meter 
sufficient to cause the· proper value of current to flow 
through the instrument. The resistance of the shunt 
tor a particular instrument can be found by calculations 
involving Ohm's Law. The scale may be, and usually is, 
graduated and marked in terms of the . line current to 
which its indications are proportional. The meter and 
shunt must pe properly suited to one another, and 
·shunts are not interchangeable without due considera­

tion b~ing given to the resistance of the meter. 
When calculating the shunt to be used with a met€r 

movement to extend its range of measurement, all the 
laws that apply to parallel circuits are used. It must 
be borne in mind, however, that the current-carrying 
capacity of the moving coil is the governing factor. Be­
fore a shunt is designed, the resistance of the moving 
coil element and · the current to produce a full scale de­
flection must be known. The resistance of a moving coil 

used in typical- o.ne-milliampere meters produced by 
several manufacturers is twenty-seven ohms. Applying 
Ohm's Law, we find that the voltage across the meter 
terminals necessary to obtain a full-scale deflection of 
one milliampere will be 0.027 volts. Suppose it were 
desired to extend the range of sud1 a meter to a full­
scale deflection at 50 milliamperes line current. This will 
require a meter shunt that will by-pass all except the one 
milliampere needed by the moving coil for a full-scale 
deflection. By Ohm's Law, it was found that 0.027 volts 
would cause one milliampere to flow through the mov­
ing coil ; therefore, the resistance of the shunt must de­
velop an IR-drop of 0.027 volts when 50- 1, or 49 
milliamperes flows. By Ohm's Law: 

Sbt~nt ,·esis/mue = 0·027 = 0.551 ohms. 
. 0.049 . 

This shunt can be made from ordinary cotton-covered 

copper wire. According to A.I.E.E. standards, 1,500 

circular-mils for each ampere of current should be al­

lowed, to avoid serious variation in the shunt resistance 
due to temperature change. By consulting a wire table 
we find that the size of wire that will most nearly carry 
49 milliamperes without exceeding its capacity is 31 
gauge, whid1 is ~a ted at 53 ma, and has a resistance of 

132.7 ohms per 1000 feet. The length of 31-gauge wire 

for a shunt with a resistance of 0.551 ohms would be: 

0. 551 4 . h -
1
- - X 1000 X 12 = 9.7 1/lC f!S 
32.7 

'fh is length of wire may be conveniently wound on 

a wooden spool and connected across the meter termi­
nals. 

Simil ar calculat ions can be used to find the resistance 

of any shunt to extend the range of an ammeter. Of 

course, when the shunt must carry currents in the vicinity 
of 100 amperes, extreme care must be taken to insure 
tha t the contact resistance is low, and that the heat de­
veloped may be adequately dissipated in air. 

Voltmeter Multipliers 
A multiplier or external resistance to extend' the 

range of a voltmeter, is a series resistance whose value 
is great enough to limit the current through the moYing 
coil to its rated value. For instance, a typical one­
milliampere meter with an internal resistance of twenty­
seven ohms can be made into a Yoltmeter of practically 
any range and the scale calibrated in terms of voltage. 

The calculation of the values of resistance of a suita­
ble multiplier can be handled the same as that of a 
simple series circuit where one resistance is known. 
Suppose a multiplier is desired that will enable the 
above meter to be used for voltage measurements up 
to 250 volts. The total resistance that will l imit the 
current to one milliampere at a potential difference of 
250 volts can be calculated through Ohm's Law: 

250 .· 
R = t-=-::-

0 
= 250,000 ohms. 

.001 

Therefore, the resistance required in series with the 
meter would be 250,000 -27, or 249,973 ohms. Usually 
the resistance of the meter is neglected when the value 
of the multiplier is over 100 times as great. 

Orpinary voltmeters used for circuit indication or for 
test purposes are designed around a meter and multiplier 
that will provide a resistance of 1000 ohms per 
across the source ofil.;m.f. 

In using voltmeters thus based on 
of ammeters, the user must be sure 
does not draw so much current that 
measurement are altered. This is i 

Combination Ammeter and 
As was just shown, a simp1 

used with appropriate shunts 
either currents or voltages over 
possible to mount n single 
and switch in the shunt or 
of individual calibration 
a mul tirange scale is p 

Answers to Bt~s · 
I.- Equivalent delta resista 

R, = 4.7 1 ohms. 
R2 = 4.00 ~hms . 
R.s = 15.7 ohms. 

2.- Et]uivalent rts istancl:' ;, :. 3) 1 

3.- Current flow th rough five-voi t lxll 
Direction of current is up. 
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the temperature 
causes a d-e potenti" 
cold terminals of the 
wil! force a direct curr6f~~~'"' 
coil instrument. The . 

junction and the res ist 
Although special wi 

couples, a voltage will 
un like wires in direct co 
between pieces of copper 
I 00° C. there wi ll he 
thousandth of a volt 
sitive thermocouples the 
are mounted in an 
leads and the me 
sea l . T his protec 
vents air f rom co 
and consequently 

The separate-' 
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