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Abstract:
The circuit analyzer for polyphase induction motors is designed for use in the Electrical Engineering
laboratory at Montana State College. The circuit analyzer is used to obtain the current, voltage, power
input, power output, and efficiency for various motor speeds. The long and laborious calculations of
the analytical solution are unnecessary. Tests showed that the circuit analyzer results compared very
favorably with those of the analytical solution. 
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ABSTRACT

The circuit analyzer for polyphase induction motors is designed 
for use in the Electrical Engineering laboratory at Montana State College. 
The circuit analyzer is used to obtain the current, voltage, power input, 
power output, and efficiency for various motor speeds. The long and 
laborious calculations of the analytical solution are unnecessary. Tests 
showed that the circuit analyzer results compared very favorably with 
those of the analytical solution.



CIRCUIT ANALYZER FCR AN INDUCTION MOTOR
INTRODUCTION

The polyphase induction motor is the most common alternating- 

current motor in use at the present time for industrial application. The 

motor is inexpensive, rugged, and has a nearly constant speed. Squirrel- 

cage motors have no external connections to the rotor and can be totally 

enclosed for use in adverse conditions where sparking or abrasive dust 

may be hazardous.

The wide-spread use of the polyphase induction motor makes it 

feasible to have a circuit analyzer for the study of induction motors.

Circuit analysis has been used in the study of transmission line 

short-circuit currents by means of a calculating board. The transmission 

line calculating board is set up with resistances connected to simulate 

a short circuited transmission network. Direct-current voltages are ap­

plied at points where voltage sources exist and the currents at various 

points in the network are measured to find the behavior of the system.

Since both inductive reactance and resistance are present in an 

induction motor, power factor is an important item. Consequently, an a-c 

system must be used in a circuit analyzer for an induction motor. The 

equivalent circuit of an induction motor, derived on pages Q to 13, is 
used for the circuit analyzer designed for use in the Electrical Engineer­

ing laboratory at Montana State College.



INDUCTION MOTOR THEORY
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Principles of Operation

The essential feature in the theory of a polyphase induction 

motor is a revolving field produced by the stator. The operation of the 

induction motor may be explained by representing the revolving field by 

a rotating field structure NS in Fig. I. On the same shaft, there is a 

short circuited rotor R that is free to rotate in any direction.

As the field rotates, a current is induced in the windings of 

the rotor. With a clockwise rotation of the field, the current in the 

conductor under the north pole will be out of the paper. The field pro­

duced by this current will be in a counter clockwise direction and con­

sequently, a clockwise torque will be exerted to the rotor Iqr the inter­

action of the two fields. A similar torque is produced in conductors 

under the south pole since both the conductor current and the field flux 

are opposite to those of the north pole.

The rotor will not attain the same speed as the field because 

the existence of torque depends upon the field cutting across the con­
ductors.
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FlG. I PRINCIPLE OF INDUCTION MOTOR.

FlG. 2 STATOR FLUX DIAGRAM.
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The Botating Field
She field of an induction motor is show to be rotating and of 

constant magnitude by considering the current, in the stator Wndlngs and 
the space relationship of the Wndingstl Although the windings are spread
oter the periphery of the stator̂  each set of windings has an axis* The

>, ' .... 360 •axes'are equally spaced iti. the stator with, an angle of electrical .■
degrees between thesis where, m is the number of phases* '

■ : ■ 1 i . " ■ ■ . *, . ■ ’ ' .. . . 1, - ." ■ "• . , • ,1 .: • i

The currents in a three-phase system are

- ' : ' '' - ' ' '  '' ' \  ̂ .. ' ' . '..... ' " ' '^ ;ig. t: Ilsl. cos.®, t.: (I)

ib * %. cos (® t̂ !209 (Z )

ic . * iM ©os ((n t-hiao) ..... . .■ ■ ■ (3)

Since the flux is in phase with the inducing currentr, the flux equations 
for the three-phase stator represented in pig* 2 may be written as

^  cos to t -■"! ̂ ^ fTtj (h)

4  # S cos (to t-12d) I (ed(to t-120) 6̂ (to t-120)j 0 )

4  = $ cos (to Wiao1) * |( S^co t̂ iso1) + e-d(to . wiswj ^

The resultant flux of the stator is the vector sum of the three 
fluxes and is expressed by

*  h  Sj w * 4, a-3120’ (?)



Then ..

- * §
(e j cot + g»d cot̂. - ̂ jiaoô  ed(, tot-12CP). @>d(, cot-120)̂

* S ^ 6r( . e j ( . -I. p-iCmAMOl)] ' (ij)

(?)-  I  j^ e i  : *  *  e - j  *  ( 3. *  «4J4o>̂  .0S2l«f)l

Frhm symmetrical components j,

The resultant1 flxuc; -- .';' /;
" ' ' ".... ^  „ l:g:' ' -

(10)

(ID
Ms a constant.1 magnitude ^  I and a rotation of line frequency* ltshonld 
be noted that the rotation is in terms' of electrical degrees* The fre­
quency of rotation is converted into mechanical speed by the equation

120°fIn (12)

tdtere a is the speed of the field in revolutions per minutes.
f% is the frequency of the supply system in cycles per 

second and
P is the number of poles in the stator*

Equivalent Circuit Diagram
The polyphase induction motor has many characteristics in common 

with the transformer*: The motor may be considered as a polyphase trans­
former with the stator represented by the primary and the rotor represented, 
as a secondary that may move with respect to the primary* At standstill.



there is no relative motion between the rotor and the stator* and the X
motor is similar to a transformer with a short-circuited secondary*

: , - . . V' '
. . . As the motor, builds up speedy ,the frequency of thp rotating field

ivith respect t,o the rotor is reduced*, fhe. relationship of the rotor.fret:
quency to the synchronous frequency is called S l i p 3 which is defined ass;,

-a ' * 5 U L 2  - (33)

where, 's. is the siiP Ih per-unit valuesj ; :
ng is the synchronous speed in revolutions per minutê  and 
n is the rotor speed in revolutions, per minute * . . . .  

the rotor speed, is (I •*. s'). ng and the frequency of the induced currents 
in the'rotor' is'sf̂ , '

' Ifheh-the rotor is hi. standstill (s - I) 3 the transformer analogy 
for one phase of. the motor is shown Iy Pig.*' 3» When the rotor is revolv- 
ihgs the secondary voltage I2g is sEg ■ and the reactance Xgs is SK2 ̂  
Pig* h is the equivalent circuit with the rotor revolving* Xhe mechanical 
power output of the motor may be represented by a load -with a voltage 
(I w s) Eg applied to its■ terminals o Since the mechanical output is re- 
presented in electrical units3 Pig0 k may be converted to the equivalent 
circuit of a ‘transformer with a ficticious load connected to the secondary* 

Ihe values of equivalent resistance and reactance representing the 
ficticious load may be derived from .the relation

■ CU)
X^ehdim 'i' (p. 28) for symbols o' T''
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FlG. 3 EQUIVALENT CIRCUIT FOR POLYPHASE INDUCTION 
MOTOR AT STANDSTILL.

Go Bo o  Eas

IDEAL
TRANSFORMER

FIG. 4  EQUIVALENT CIRCUIT FOR POLYPHASE INDUCTION 

MOTOR AT SLIP S.



-Xlfi- ■

• : " 1Ss (R2

Multiplying■through; by ,'XiX iB' -s

,(I-' - ^ T a- j (M)
x’i'oa ifhieli the equivalent; x-esistanee and reactance are found to be 

jLg,.l, Rg and ^ - g ^ l gg respectively 6

The equivalent circuit for the motor running at slip S is shorn 
on Figo 5o Since the .load reactance does not represent real power  ̂it is 
combined with Xgg as

■ '4 T 5 -S=1 . ^ . "  'Ix& : ." m

Since

X2s =' SX2 (18)

the total reactance in the secondary is X2s which is not dependent upon, 
the rotor frequency=

fhe ideal transformer may be removed by referring all ,secondary 
values to the primary in. the following manners

V  W )

X21 = X2 (20)

t ■ x ?■ ,
. 1Z “ a %  " (21)
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TRANSFORMER

FlG. 5. EQUIVALENT CIRCUIT FOR POLYPHASE 
INDUCTION MOTOR.

FIG. 6. EQUIVALENT CIRCUIT DIAGRAM.
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i g  * -a Bg 4 ̂  ■ (22)

' ' JBig* 6 is the equivalent circuit diagram which is ,used a@ the ;eir- 
chit/.ior'.the: ̂ 'Iyssrio



CIRCUIT AmktZEK DESIGN
- This project undertaken to construct a circuit analyser for 

polyphase induction motors because analytical methods previously used are 
too long and involved<> It is desired, to obtain readings of currents volt-: 
Uge9- power inputs; power outputs efficiencys and speed directly from the 
hoard with as little Calculating as possible* A per-unit base is used to 
reduce the power dissipated in the circuit board# and the controls, and 
meters are arranged to simplify the operation*

The. elements used in the basic circuit of the analyser have been, 
chosen so that ary polyphase induction, motor may be analysed* The range 
of values for the parameters are shown in Table 1», Rheostats are used in 
the circuit to represent the resistances of the circuit# but since a var­
iable inductance is difficult to build#, condensers are used to represent 
the inductance*, That change will, cause the power factor to lead instead. • 
of lag#, but there is no other change in the behavior Of the circuit„ The 
reactance is varied by switching calibrated units of condensers in or out. 
of the circuit* Each element# except for the ficticious load resistance# 
is calibrated in terms of ohms or mhos, so that the board may be easily ad­
justed' to analyze different motors.
Per-unit Value

■. A U  resistances and reactances in the analyzer circuit are mult- . 
iplied by five hundred. The voltage input to the circuit is equal to the 
per-phase voltage of the machine being tested.: #en high-voltage machines



Parameter
..... .

ao
'■0

' I

-Igr
TABJaE I'• '-

OF POLJfPIJASE INDUCTION MOTORS

Assumed Variation to be Paeeotuitered
. ! . ! !, , . ! . -. , . , ! , ! ^ ' , . ! . T m M . ^ ! . . . , , ! . . . ! ! . . ^ , , . , . , ! , , ,! , . I  Ml. l H l|l> .lll ̂ 1 '  ill ^  <»|.. 4  .|l r. l . l |-. 'l|,|lf | ,   , I l| i .  » ,1 , . . | | lll l.| l i l ll l,' |.      .............................. I,. .  i , .  Il i P 1I

OoOl to 2 ohms
,GdOl to 8 ohms

- - ' 1 Jp - V '  ■ ' - • .
GdX to $60 ohm
OdX to 5*0 (dm©
GoOOX to OoOX mhos
OdOX to OoX mhos
QdOOOX to XoO per-unit
8d:0 to $0o amps



are to .'be tested^ the voltage is reduced so that the per-phase- voltage is 
about 90 to 130 volts.*, ■ The Use of the largd per-unit Value of 500 reduces 
the Siee of the condensers to :a reasonable Value and allows the use of ' 
radio type rheostats, /
Meter Systems

■ \ Readings of current and voltage are easily obtained by placing a 
ammeter in ,series with the circuit and a voltmeter across the circuit.
The, power input and power output are metered by one meter in a switching 
circuit* For the power inputs' the current coil is ip series with, the R15 

I,. branch and the. voltage coil is across the source * The power output is 
obtained by switching, the current coil to the. load resistance branch and 
the voltage coil to the load resistance* A double-pole,, double-throw 
switch is used to change from power input to power output as shown in 
Figd Io The efficiency is calculated from the input and output after the 
friction and windage have been subtracted from the output* Since the re­
duction of the friction and windage losses are compensated by the rotor 
Core losses as the slip increases* the measured friction and windage losses 
are assumed to be constant for all speeds*

The ,speed of the. machine may be calculated from the slip which is 
obtained from a meter circuit designed to measure the variable load re­
sistance in terms of slip* The slip meter is a modified ohmmeter in which 
both the voltage and meter circuit resistances are varied in proportion to

n
the parameter Rg * She load resistance is dependent upon two independent 
Variables, Rgt and a* If the voltage and resistance in an Ohmmeter circuit
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FIG. 7. COMPENSATING WATTMETER CIRCUIT.
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FlG. 8. SLlPMETER CIRCUIT.



aye Bade proportional to JBgli5l the current will be independent of Rg1 and
* I % » » . ............ .. « ., ..# , » . . . .  , I . . . . .' 'i : ! f. A : i :

only dependent upon So ' Vitb the ammeter calibrated̂  the load resistance' 
m j be adjusted in terms of slip ty'.tbe circuit shown in. Rlg,' 8?

■ ' i - -! ,
adding; two shnnt resistances' across the meter and short circuit-

,ing .part of the senlas resistance in Rig,.- w  scale, ranges may be'..added,
to the meter, The voltage required by the slip, meter circuit is. ?2 volts 
d-cg A 50 micro-amp, d-c meter is used to measure;.the; currento

To adjust the voltage potentiometer̂  the circuit is switched to a 
resistance that is calibrated for one per cent Slip .for all values of Rg -»..

I ■ : •
The voltage is then increased until the Slip meter reading is one per cent, 
. ,Meter; Gompensation

In most oases* meter resistance will have very little effect upon 
the circuit. When the voltage coil is placed across the load resistance* 
the circuit has a parallel lead resistance: which lowers the resistance 
seen by the circuit, To compensate for the lowered resistance* the load 
resistance is increased until the current input to the circuit is the same
Us that'measured before the voltage ,coil was. added,

1 ■" If the resistance of the voltage' coil is less than that of the 
load resistance,*, the power output cannot be metered by this method. The 
wattmeter used for the circuit analyser has a voltage range of 7,5/15 volts
and the voltage is stepped down with a potential transformer.

The resistance of the voltage coil is multiplied by the turns 
ratio squared when it is reflected to the primary. The large voltage, coil 
resistance makes it possible to take readings for low values of slip.
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For Tozy low values of Slip9 where the voltage eoil resistance is 

less then the Ioah resistancê  a different method must be used* The cur­
rent i$i the load resistance can be measured by an ammeter in the secondary 
Cirouitj' and by calculating the load resistance#, the power output may .be' 
determined̂  .Since the wattmeter will provide results for most cases* it 
win, seldom be necessary to calculate the power outpute

Compensation for the ammeter is made by subtracting the ammeter 
resistance from R-^0 Since the ammeter resistance is in per-unit value 
when in the circuit# the amount of resistance !subtracted 'from the cali­
brated dial for Rji is 1/500 of the ammeter resistance *■ ■ The ammeter is 
Compensated in the calibration of R̂ ,

The wattmeter current coil is compensated by resistance in both 
the primary and secondary branches <,. The resistance that is in the same 
branch as the. current coil is short circuited - a switch as shown in 
T1Sgo- 7P The compensating resistances are included in the calibration Of 
B1 asd R2'.

The complete circuit diagram of the circuit analyser, is shown in 
Fig0- 9o A three-pole* double-throw switch with a center off position is 
Used to; isolate the slip meter Circuit .from the equivalent -circuit-,diagram, 
while power measurements are being taken*

Figo 10 is a photograph of the experimental model Circuit analyser 
ahd the equipment used in calibrating the circuit elements o
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VARIAC CONTROLLED 
A -C  VOLTAGE

Fig . 9 CIRCUIT ANALYZER LINE DIAGRAM.
IOOO OHM VAR. RES. 50  OHM POTENTIOMETER

IOOO OHM WATTMETER COMPENSATING RES.

.0  MEG.

5 0 ,0 0 0  OHM FIXED RES.

22 VOLTS 
D-C20  MEG.

0,1 MEG. 53 pFD CONDENSER BANK

50 00  OHM 53 pPD

0.35 MEG. I ^F D
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OPERA IIOM QP THK sascmil AMAgZER

. . A step by step process is used td. operate the circuit analyser'-,, v
after the induction motor .parameters are determined ,by. a running IigHt 
and blocked rotor test* ' Ihe couplets procedure for operating the circuit

J.-..

analyser is described, in. the following paragraphs* '
■ • ■. • 
..V1** -

■ Io set up the analyser a a voltmeter, an ammeter,, and a nattmeter1ii'-
are, connected to the eight terminals on the front of the board* Ihe .
Poneii leads and calibrating leads are then connected to a variac controlled
a-c voltage supply and a 22 volt d-c supply respectively*

Ihe rheostats and condensers Ure adjusted to equal the parameter," 
values* !here are four rheostats that must be set for Rg’ one in the :
equivalent circuit and three in the slip meter circuit* Ihe slip meter is 
then calibrated by switching to the calibration position and increasing 
the slip meter circuit voltage until the meter reads one per cent slip on 
the low scale* Ihe reminder of the process is repeated for each value 
of slip* 1

Ihe load resistance is adjusted by switching the power switch to 
the position marked «measure11 and varying the load resistance until the 
desired slip is indicated on the slip meter* With the wattmeter switch on 
the ttPower in” position and the power switch oh the ttonu position, the 
voltage is increased with the varied to the rated per-phase value* Read­
ings of voltage* current* and power input may then be taken, Io obtain

----- --1...... .......... — ---........... .......... ........*.. .
2Methods for obtaining induction motor parameters may be found in.

most alternating current machinery texts*
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the pot7Q2? outputs the wattmeter, sxvitch is turned to the ’‘power output" 
position̂  and the load, resistance is increased until the current read* 
ing is the .same as the reading taken while the power input was measured* 
The power , output may then he measured since the voltage coil losses' are 
compensated hy the increase in the load resistance* The load resistance . 
is then adjusted £ o r another Value of, slip and the procedure is repeated*

. If it is impossible to make the proper adjustment Tor current.: 
While measuring power output,.the secondary current must he measured; 
under #e same conditions as the power input is measured* The power out* 
put .is then calculated by the formula

* « w t * 4 r *  H i- ( * * » % > *  ''' m

The formulas on Table H  transform the data from the circuit 
analyser into the actual motor values*



TABLE IJ

iQRMOMS FGE GOMFRTm CIRCUIT 
A M U Z m  DATA, imO AQTUAL VALUE

W I  .............. ............ ..........................................

; . . I "  ' ' ' " 1

Actuelfalue
,> -.V-..1.-::. .I -...............' ..'...... . ------ ---.

Transfer Value

Line Current (amps). 500 I

Fhiee Volthge ■ . (volts) V
■

FoWer Factor 

power input 

Cross Power output 

Met Power Output 

Efficiency

(per cent) 

(watts) 

(watts) 

(Watts) 

(per cent)

! S $ S . (loo)VI
3O00) Plnfnit

H m  Po a im t

3^ 0a> Output - p  

3(500) Poutput w F & W (100)

SpeeC W  - . (I s) Ug

Cross Torquê (Ib.-fto) ~  . ^  gross power output Actual
^  " ' - W * ; Speed . Value

Met1 Torque^ (Ib6Lfte) -  net power output
M * :  "  speed

Actual • 

Value

■ •: ■■ "• : '

' T -  -  -....r
7

T̂he torque formula is indeterminate whe& the slip is unity=
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B E W S

The results obtained from the circuit analyzer are compared to 
those obtained by the analytical method on Table 111, since the proper 
metering equipment was not available* the tests were run with a per-unit 
value. Of 100 instead of the design Vaihe of- #00* The accuracy -of the ■ 
results was not affected by the change in per̂ unit value* ' . ■ ,

. The.results show that the circuit analyser compares very favor- 
ably with the. analytical method of solution and that involved calculations 
are unnecessary, With the circuit analyser* the time required to obtain 
data for a complete set of curves is much less than the time required to 
calculate the data for one value of slip by the analytical method*;.



TABfiB III
= 2 6 =-.

■ GffiOUIT AtmKTZEE S S T  ,RESULTS GOiffAEED TO
TUOSB GBTAfifJBB #  ABBtTIOAL BGLUTfiOm^ ■ ' '

Bdr A-^horgepowergi B^ptiaSes U20-?ofit> 6=po3Le3 SO=CyQleji vjye= ■ 
connected induction motor Operating at 3 per oezit slip in which;

E3, »  0o383 ohm (e ffec tive ) ' g a 0,00260 mho 
Rn “ O6530 ohm (ohmic) be = O6OfiSS mho 
X | *. X2 » 1.207 Ohms ' (F t  W)pM6d ' *  fiB'.g watts

........ ...... ..........I,.. ........
1 •'■]-•' •' 1 • 1 ' ■ •• 1 • • I • ■ ' • • -  - •• - '■..........

. Circuit Analyzer, Test.

...... ........... . _____

, Analytical NpthOd '. .

Line current ' . 8.9 amps . 6089.amps
■Phase, voltage 127. volts per̂ phase 127 volts per-phase
Power in 25fi865 watts 2532 watts
Gross power out 2250 Watts 2262 watts
Net power out 2105.5 watts 211? watts
Efficiency 32-8 per 'cent 83*6 per cent
Power' factor ■ 75.1 per cent ■ 7fi6.8 per cent
Speed ■ ll6fi rpm 116fi rpm
Net torque 12.73 Ib6-ft. 12.81 Ib.-fte

;■
.. ... 1,,..,#..1,, ................... ...

liCorcoranjl Q6 S6 and Eeed9 U* B -» 1939» BtoCrSfiGAfi ElWlSBERfiUS 
BXPSfifffiNTS9 p fi!7 9 Uohn W iley & Sops:/ Ie w te r f i
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The analysis of the polyphase Induction motor by means of the 
circuit analyzer is probably the most versatile method in use*

.' The analyzer is designed to represent the actual induction 
motor andg consequentlya almost ary test made on the induction motor 
may be: run with the circuit ,analyzer̂  Oorf. loss .and hysteresis tests 
cannot be set up on. the circuit analyser since the results depend upon 
the individual iron properties of the induction motor0

'i: The effect Cf changing the parameters can be analysed to obtain " 
the design of an. induction motor for n specific purposed since the 
torque can be calculated at any point except when the slip is Unity5 the 
torquê speed curves may be obtained for various rotor resistances, '

. The circuit analyzer results are compared to those obtained by 
the; analytical method because similar assumptions are made in both cases. 
It should be noted that the accuracy of the circuit analyzer as compared 
to the actual motor depends upon the accuracy Of the measured motor para­
meters, ■

An. important Use for the circuit analyzer is to check values 
obtained by students using an analytical solution,

conclusion̂  the circuit, analyzer of Uh induction motor provides, 
a fast and accurate method of analyzing the polyphase induction motor with­
out the use of long, and involved calculations,



Symbol ■ -. -

»28* V:
A^PBTOiXA

. eF^'sps^.
: ... Meaning . • :

'3̂ -̂ ■ ■ ■ ...

.$

..... primary, resistance per. phase to neutral
primary leakage reactance per phase to neutral 
primary current per terminal

. .jgr . ; ... '.■■.... , : ■ primary impressed voltage per phase to neutral

- v: ' primary inducing, current •'..  • =•..■■■
- primary frequency

secondary voltage to neutral at standstill

Z2 secondary current per phase at standstill

%
''

Secondary resistance per phase
secondary' resistance per phase referred to the 
primary

X2 secondary leakage reactance per phase at 
standstill
secondary ̂ Leakage reactance per phase as. ■ 
referred to the primary

’ . - ,FS Slip in per-unit, values.
% #■ & rotor speed in per*unit values

s U secondary voltage to neutral at slip s

1Ss secondary current per phase at slip s

s2a secondary leakage reactance per phase at slip s

Z2@ secondary impedance at slip s



)

2̂9— ■
primary exciting conductance pej? phases 
representing corê -loss

' ■ . •primary exciting susceptance per phases 
representing the.magnetizing currents the 
flux variation being considered linear for 
the range of operation

'gr - - turns ratio between the primary and secondary
synchronous speed of motor in rpm

n " rotor speed
instantaneous stator flux
maximum stator flux -

F & W ■ friction :.hnd windage, loss



^30^ , , 
APmmiz B

' •; , .. f f . ‘

X.ISf GF"E.aOlPMEiW tfSEB IM GOJJSIEUGPIGM. QF. CJRCGTF AMLI2ER - .

>  ■ 50 ohjii, 25 potentiometer
I' 100 ohm 25 %tt variable resists
2- 1000 ohm 2. watt variable resistors
I. 5000 ohm 2 watt variable resistor
I 128 jOoo ohm 50 m fo't variable resistor .
■1 Q?1 megohm variable resistor
I 0=35 megohm variable resistor
I 1=0 megohm .variable resistor
1 20 megohm variable resistor
2 wattmeter compensating resistors (limed)
I 50,000 ohm Fixed resistor
I 15 Ohm Fixed resistor
I 33 ohm Fixed resistor
I triplet-pole, double-throw', center OFF switch
3 double-pole, double-throw switches
I 3 pole selector switch
II double-pole, single-throw switches
11 single-pole, single-throw switches
Z parallel condenser units, 53 pFd total in each
I parallel condenser unit,, I pFd total
I 50 pa d-c ammeter .



APPENDIX C
433#

REQUIBBD TO OPERATE GIBQOlT A#&BK%8R
» ■ •  V ■ ■ • ' • • , .

2 '.. '■'. ammeter 3.00 ma a~c
i voltmeter 150 volt a-c
I ■ ■" mttmeier »8 * 1„6 watt
a. Varied-

i potential, transformer
i ' - ' ' supply 115 volt 'a-c
i supply" 22 volt drc
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