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INTRODUCTION 

This thesis is a study of oscillographs and the current 

wave shapes of a transformer with a capacity load. It is 

an effort to explain the curves obtained on the basis of 

the hysteresis loop of the transformer. It was written for 

J.C. Tarboux, Professor of Electrical Engineering, for the 

degree of Bachelor of Science in Electrical Engineering. 

It is known that the exciting current of a transformer 

is a non-sinusoidal wave, containing a third, a fifth, a 

seventh, and sometimes, a small ninth harmonic. The seventh 

harmonic is usually so small that it can sometimes be neg- 

lected, and the ninth harmonic is never large enough to be 

objectional. 

In power work, where the load is songtantly changing, 

the presence of large harmonics is objectionable because 

eddy current losses increase as the square of the frequency. 

These losses are manifested in the form of heat. Conse- 

quently, if the larger harmonics could be eliminated or 

reduced in value, the transformer would operate at a higher 

efficiency. 

The presence of harmonics in the current waves of a 

transformer are admitted, and methods of analysis of the 

wave shapes are given in various text-books on alternating 

currents; but so far as the writer has found, there has been 

no attempt to explain the peculiar current wave shapes which 



may be obtained by various combinations of capacitous and 

inductive loads. Under different conditions of load, a 

transmission line may take either a leading or a lagging 

current. This is equivalent to placing either a capacitance 

or an inductance in series with the primary of a trans- 

former. These conditions produce very peculiar current 

wave shapes. 

The study of the oscillographs was secondary to the 

study of the current wave shapes, but had to precede the wave 

shape study because the oscillographs furnished the method 

of obtaining photographs of the waves. While holding a 

secondary place in relation to the wave study, the oscillo- 

graph study is of importance in itself. With the perfection 

of the oscillograph to its present point, it is being used 

more extensively in the engineering field. 



CHAPTER I 

THEORY OF OSCILLOGRAPHS AND THE CONSTRUCTION OF WAVES FROM 

THE HYSTERESIS LOOP 

The oscillographs employed in this study were of the 

galvanometer or vibrator type. The vibrator consists es- 

sentially of a fine ribbon of some conductive material, 

usually silver alloy, suspended in a magnetic field. The 

magnetic field may be produced either by an electro-magnet 

or by a permanent magnet. All of the more recent oscillo- 

graphs employ the permanent magnet for simolicity and ease 

of operation due to the fact that no D.C. sunply is then 

necessary. The ribbons vary in size for the sensitivity 

desired. For the standard element, a ribbon 0.007" by 

0.00075" is employed, while for high sensitivity, a ribbon 

0.008" by 0.00055" is ok The size of material will 

vary with the various manufacturers. 

On this vibrator ribbon is fastened a small mirror 

against which a light beam is directed. As the vibrator 

moves, the beam of light reflected from the mirror moves 

back and forth in a fixed plane. Before the light reflected 

from the mirror can assume a wave form, another motion 

must be provided. This motion is usually produced by means 

of a "rocking" mirror. A shutter is provided to interruont 

the light beam when the beam reaches the edge of the viewing 

screen and to keep the screen dark until the mirror has



returned to its original position. This shutter is 

necessary to keep the wave from running back over itself. 

A typical optical layout of a thru-element oscillograph 

is shown in Fig. 12 In some oscillographs, the rocking 

mirror and the shutter are driven by a small, salient 

pole, synchronous motor; while in others, a small single 

phase motor is used to give speed control. For the wave 

to appear to stand still, the rocking mirror and the shutter 

must be in synchronism with the vibrator element. 

The vibrator elements may be connected to show either 

the current wave or the voltage wave. This is accomplished 

by the addition of resistance in the vibrator circuit. 

Then taking a voltage wave, a resistance of 1000 ohms per 

volt is about the proper amount. The various methods for 

connecting the vibrator to give either a current wave or 

voltage wave are shown in Figs. 2, 3, 4, and 5. Figs, 2 and 

3 show the connections for current measurement, while Figs. 

4 and 5 are those for voltage measurements. 

To determine the magnetizing current of a transformer, 

it is necessary to have the hysteresis loop. A eine wave 

of voltage is assumed, and consequently a sine wave of flux. 

To each value of B correspond two values of i, the one 

given by the ascending, and the other the descending branch 

of the curve. The graphic construction of the curve is 
rn tn 5 YT cn SH HS Gr SG. St. Co WE) th A Sp SE St CH SW cn oe i sr 2 2 oS 

3. Optical arrangement was taken from the General Electric 
Company's Bulletin H-6234, p.10. 



5. 

3 
shorn in Fig. 6. The hysteresis loop on the left gives 

B as a function of iy, the sine curve gives B as a function 

of time. For a particular value of B, to which corresponds 

the current i, and i,, occurs at the times t and to. Then 

plot oly over t, and ols OVET to, giving i, and i, as two 

points on the required curve. The whole curve may be drawn 

in this way. The curve ip is simply a sine curve in cuadra- 

ture with B. The idle current ip is the resultant of these 

two components. 

3. Kapp, Gisbert, Transformers, p.l06. 



wish jodipdp fo wosbriy 

FPL 

wy lo 
‘© 

frei a Se “2 re Te 
ne a——— — ee — 

= ae brfirl 
I nm 

Ss 

N at 

0 | — Pr 
7 \ 
wo Ans 

\ 

Oud fs) beryo))r1280 WO 

720 

AN 

EP Ioe 924008 susy y2514puUy 5S 

SOP) BY) Eide D 
iE 

M2 

Sceroogy Pd 

Mop JP 
ACA Y) AHOLD] ALT 

“34p004 

> 

Seog Swoy i 

il =8/myer—t | { 

—— /=/A 

, 

iu 
ny TTT 

ie 
[22% 7% 1 -O0-— Ber i es 

| fern EE AE ee 

= © Bers ae JE eR 
Ee A md Er 

| a= 
I ] 7. > 7 AO 



AC or 2c. Loos AL Loar 

Shen’ Corrent Tronstormer 
i r REST Voy 

| Shen” 

b 

v1troror Wbroror 

Fa 2 Fo 2 

Diag//is for Curren/ Measurements 

Alor JC Lovd’ zz. Loz” 

USTINTED, 
SBAeratial Trarnsrorimer 

| Vibrosor | Wbrotor 

Pal A 4 ar rw 

Diggroms for Voltage [Teosurements 



Fle 6 

Curve of Lxcrting Corres) 



GEH-62} Oscillograph, Type EM Form C 

MMV | 
Transformer 

ae | : 
oo Wy, Feit nd amp 5 Pim Driving {ormature 

oter Fai Motor Mazda Rheostat ‘Armature Lamp 
Motor 
Field 

Mazda fufiiary Lamp 
tl Ce Rheostat 
i 
li Table » 
Jj Motor 

Lam sop 
P ©] 

~Res.3 

3 Hehronous 
| _H+Motor Fuse 

(5Amp) BO 
| Res.2 
= Wag Res 

Galv. Field _ 5 3 | Rheostat 2 fo] 
: 1 Res 1 

Synchron 
otis Motor a 

i] D-C Fuse, shatter |||i|z ac Fuse (25Amp.) i , Jeans 
Galv. Field ! | 
(0.5Aamp) ip 3 [==1" 

Synchronous 
Motor 2 Sher Rheostat 

= Lam Naas t \ (Z0AThp) TY eh 
SAS ~~ 20 7 TMHSYn Motor | 

(5Amp.) 
ooo od et | 

D-C Source I] 1 1 iF | | 
; 

Heth Bi oly J Sd SUE | 

| 
Arc Lamp Vibl Vib2 Vib3 i | 

Galv Field Film ~ Synchronous AC Source Shuther Driving otor : Mazda Lamp 
Motor ; 

Vibrator Circuits Shownmoscecs=Are Twisted Pairs 

Fig. / Connections for Portable Table for Use with Arc or Mazda Lamp 



CHAPTER 11 

DESCRIPTION OF APPARATUS AND METHOD OF PERFORMING TESTS 

In preparing for the laboratory work to be done, it was 

first necessary to study the operation of the oscillographs. 

The first one studied was the General Electric H-624, porta- 

ble oscillograph. An excellent picture of this instrument 

is shown on page 2 of the General Electric Company's Bulle- 

tin incorporated in the appendix. A complete wiring diagram 

is shown in Fig. 7. The oscillograph with the arc lamp, 

meters for the lamp, galvanometer fields, and synchronous 

motor, and the resistances for current and voltage measure- 

ments are mounted on top of the table, while all the auxiliary 

equipment is mounted underneath the table in the relative 

position shown in Fig. 7. The complete instructions for 

the operation of the instrument are given in the General 

Electric Company's Bulletin, H-624. 

There were two disadvantages to the use of this oscillo- 

graph. The source of light was an arc lamp. It required 

constant observation to keep the carbons adjusted correctly, 

as they burned away rapidly; and if not watched closely, the 

arc would blow out. An attempt was made to overcome this 

disadvantage by the construction of a Mazda lamp stand. The 

lamp gave excellent light but the cover for the bulb was so 

poor that the whole stand got too hot, hot enough in fact, 

to melt the solder in the base of the bulb. 



The other outstanding disadvantage was that the ball 

joints supporting the prisms which reflected the light into 

the cell windows had become so worn that the vibration of 

the synchronous or a slight jar of the table would cause 

the prisms to move out of position. They required constant 

adjustment, and sometimes it was hard to keep them focused 

long enough to get a picture. 

The other oscillograph studied, and the one which was 

used to make all the oscillograms was the General Electric 

portable instrument. It was more compact than the old 

oscillograph and had many distinct advantages. It embodied 

the permanent magnet in the galvanometer and, consequently, 

needed no d.c. supply. The shutter and the whole photo- 

graphic mechanism was much easier to operate. The complete 

instructions for the operation of the instruments, together 

with pictures of the whole and of the various parts, and 

the wiring diagram, are given in the General Electric 

Company's Bulletin which may be found in the appendix. 

At first, some difficulty was had in getting the shutter 

to work properly. It would hang open for several revolutions 

of the motor, and give a picture of the wave running back 

over itself as shovn in Fig. 8. It was found that as long 

as the instrument was out of its case, the shutter worked 

properly. The conclusion reached was that the screws which 

fastened the instrument in its case warped the panel and thus 



ll. 

caused the shutter mechanism to bind. Working with this 

idea in mind, the oscillograph was placed back in its case 

with the screws just tight enough to hold the panel in 

place, and not tight enough to bind. The shutter then 

worked perfectly. 

In getting the oscillograms, it was necessary to show 

the axis. This required two exposures on the same film, 

since the voltage wave was also shown in order that the be- 

ginning of each current circle could be found. The ex- 

posure was accomplished in the following ER The film 

was exposed to the wave forms and then the lamp was cut off 

until the shutter could be reset. The circuit of each 

galvanometer was then broken so that the light reflected 

from the vibrator would be a straight line, and another 

exposure was made. This procedure was necessary due to the 

fact that the film holder fit too loosely in the opening 

provided for it. If the light beam is adjusted so that it 

is about 1/32 of an inch wide when no current is flowing in 

the galvanometer circuit, the waves will show up much better 

on the developed film. 

A list of the instruments used in the final tests are 

as follows: 

1 G.E. a.c. ammeter 0-5 amperes 

1 G.E. portable.oscillograph 0-5 amperes 

1 G.E. a.c. voltmeter 0-150 volts 
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1 G.E, frequency 

G.E. a.c., ammeter 0-2 amperes 

G.E. KVP transformer 110-220 volts 

G.E. sine wave generator 

Westinghouse condenser 

ue
 B
RE
 

RC
O 

inductance bank (knife switch type) 

1 resistance (knife switch type) 

The above list of equipment, with the exception of the porta— 

ble oscillograph, which has already been described, is the 

standard laboratory equipment. 

The equipment was connected as shown in Fig. 9. The 

sine wave set was used because it would furnish a sine wave 

of voltage and, consequently, a sine wave of flux. Figs. 

10 and 11 show the complete set-up. In Fig. 10, a part of 

the transformer, condenser, and inductance can be seen in 

the background. 

Since the transformer was too heavy to move, the output 

of the sine wave set was carried back through the switchboard 

to the transformer which was situated a little way from the 

rest of the equipment. 

The generator was started and the voltage was adjusted 

so that the current was 0.8 of an ampere with only the 

transformer in the circuit. (The value of current of 0.8 

amperes was used in all tests with the generator running at 

gl cycles). An oscillogram of the resulting wave was taken, 
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and is shown in Pig. 12. Fig. 13 is the wave obtained 

when the secondary of the transformer was loaded with a 

condenser. Figs. 14, 15, and 16 are the results of putting 

varying amounts of inductance in the primary circuit. The 

arrangement of switches for these waves are shown in Figs. 

17, 18, and 19 respectively. They show the arrangement of 

the arrangement of the knife switches on the inductance 

in each of the tests. 

After the oscillograms were obtained, they were en- 

larged four times, and analyzed. The method used in 

analyzing these wave shapes is outlined by Ralph R. Lawrence 

in his Principles of Alternating Currents, p.89-82. The 

tables of angles, sines, and cosines were taken from 

Electric Current Analysis by M.G. Malti. Figs. 20, 31, 23, 

23, and 24 show the enlarged oscillograms with the principal 

harmonics of Pigs. 123, 13, 14, 15, and 16 respectively. All 

the tabulated data, together with the values of each of 

the harmonics, are embodied in the appendix to this paper. 
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CONCLUSION 

Several combinations of resistance, capacitance, and 

jnductance were tried in making the experiments which have 

been mentioned. It was found that inserting resistance in 

series with the primary of the transformer did not alter 

the general shape of the wave, but merely limited the value 

of the current flowing in the circuit. By raising the 

voltage high enough to cause the test current of 0.8 of an 

ampere to flow, the wave assumed the exact oroportions it 

had before the resistance was placed in the circuit. This 

fact was established by making measurements of the wave as 

it appeared on the viewing screen of the oscillograph. 

Combinations of inductance and capacitance were also 

tried in series with the primary of the transformer. In 

this case, it was found that any wave shave produced by any 

combination of capacitance and inductance, could be repro- 

duced by adjusting the amount of inductance in the circuit 

with the capacitance removed, as long as the load did not 

draw a leading power factor. When this condition is 

reached, the wave shape changes radically. The waves which 

could be obtained under these conditions were not investi- 

gated. 

In order for a transformer to deliver a sine wave of 

voltage at the secondary, the exciting current must be of 

the general shape as shown in Fig. 12. The voltage wave 
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produced by such an exciting current ss shown in Figs. 

13, 14, 15, and 16, were not investigated; but they 

may be constructed by reference to the hysteresis loop 

discussed in Chapter I. 

In the wave analysis, it was found in the case of 

Figs. 23 and 24, that the third harmonic currents were 

larger than the fundamental, and also in Fig. 23, that the 

seventh harmonic current was larger than the fifth. These 

conditions represent something unusual. At first, it was 

thought some error had been made in the analysis; but the 

calculations were checked anid re-checked and no error could 

be found. The waves themselves bear out the fact that the 

calculations are correct; for in every case, when the or- 

dinates are added, the result closely approximates the 

original wave. 
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DATA POR: FIG, 20 
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y x0 nx© Sine nx Cos. nx _¥ Sine Cos. nx 

53 + : - 

0.15.58 8 0.0872 0.9962 0.0131 0.1495 

0.40 15 15 0.2588 0.9659 0.1035 0.3880 

0.50 85 25 0.4226 0.9063 0.2115 0.4530 

0.60 35 35 0.5736 0.8192 0.3440 0.4920 

0.65 45 45 0.7071 0.7071 0.4580 0.4580 

0.75 55 55 0.8192 0.5736 0.6150 0.4150 

0.85 65 65 0.9063 0.4226 0.7700 0.5620 

1.15 75 75 0.9689 0.2588 1.1000 0.2980 

1.45 85 85 0.9962 0.0872 1.4450 0.1263 

1.85 95 95 0.9962 -0,0872 1.8400 0.1610 

2,45 105 105 0.9659 -0.2588 2.3700 0.6350 

3.10 115 115 0.9063 -0.4226 2.8100 1.3100 

3.40 125 125 0.8192 «0.5736 2.7800 1.9500 

3.05 135 135 0.7071 -0.7071 2.1560 2.1560 

2.10 145 145 0.5736 -0.,8192 1.2070 1.7200 

1.25 155 155 0.4226 -0.9063 0.5280 1.1340 

0.70 165 165 0.2588 -0,9659 0.1810 0.671 

0.15 175 1756 0.0872 =0.9962 0.0131 0.1495 

18.9452 3.3418 =9,8865



29, 

y Sine 2x y COSe 2X 

y y 3 zx Sine zx Cos. 2X - - 

+ + 

0.15 5) 15 0.2588 0,9669 0.0388 0.1450 

0.40 15 45 0,7071 0.7071 0.2830 0.2830 

0.50 25 75 0.9659 0.2588 0.4840 0.1295 

0.60 38 105 0.9659 «0.2588 0.5800 0.1553 

0.65 45 135 0.7071 «0.7071 0.4600 0.4600 

0.75 55 165 0.2588 «0.9659 0.1940 0.7250 

0.85 65 195 =0.2588 =0.9659 0.2200 0.8220 

1.15 75 225 «0.7071 =0.7071 0.8130 0.8130 

1.45 85 255 «0.2659 =0.2588 1.4000 0.3750 

1.85 95 285 «0.9659 10.2588 1.7850 0.4780 

2.45 105 315 =0.7071 0.7071 1.7300 1.7300 

3.10 115 345 «0.2588 0.9659 0.7700 2.9900 

3.40 125 15 10.2588 0.9659 0.8800 3.2900 

3.05 135 45 0.7071 0.7071 2.1500 2.1500 

2.10 145 75 0.9659 0.2588 2.0300 0.5450 

1.25 155 105 0.9659 «0.2588 1.2100 0.5240 

0.70 165 135 0.7071 =0.7071 0.4950 0.4950 

0.15 175 165 0.2588 «0.96859 0.0588 0.1420 

8.8436 6.7180 11,7405 4,314 
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3 0 5 Sin OZ gos. 5s Y Sin 5x Cos. 5x 

0.15 5) 25 0.4236 0.9063 0.0640 0.1355 

0.40 15 75 0.9659 0.2588 0.5860 0.1035 

0.50 25 125 0.8192 =0.5736 0.3280 0.2880 

0.60 35 175 0.0872 =0.9962 0.0823 0.5980 

0.65 45 225 =0.7071 «00,7071 0.4600 0.4600 

0.75 55 275 =0.9962 0.0872 0.7480 0.0655 

0.85 65 325 =0,5736 0.8192 0.4900 0.6960 

1.15 75 15 10.2588 0.9659 0.2980 0.1010 

1.45 85 65 0.9063 0.4226 1.3150 0.6125 

1.85 95 115 0.9063 «0.4226 1.6800 0.7820 

2.45 105 165 0.2588 «0.3659 0.6350 2.3700 

3.10 115 215 «0.5736 «0.8192 1.7900 2.6400 

3.40 125 265 =0.9962 «0.0872 3.9500 0.2960 

2,05 135 315 =0.7071 10.7071 2.1600 2.1600 

2.10 145 5 40.0872 0.7962 0.1830 3.0900 

1.25 155 55 0.8192 1.0250 1.0250 0.7200 

0.70 165 106 0.9659 =0.2588 0.6760 0.1810 

0.15 175 155 0.42260 «0.9063 0.0640 0.1355 

6.7083 <9.5980 6.7540 «7.7605 
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& Sin. 7x Cos. 7x 
Y x° 7x Sin 7x Cos. 7X 

0.15 5 35 0.5736 0.8192 0.0870 0.1230 

0.40 15 105 0.9659 =0.2588 0.3880 0.1035 

0.60 256 175 0.0872 «0.9962 0.0436 0.4980 

0.60 35 245 «0.9063 «0.4276 0.5450 0.2540 

0.65 45 315 =0.7071 +0.7071 0.4600 0.4600 

0.75 55 25 +0.4226 0.9063 0.3170 1.0400 

0.85 65 95 0.9962 =0.0872 0.8450 0.0740 

1.16 175 1656 0.25883 =0.9659 0.2980 1.1110 

1.45 85 235 =0.8192 «0.5736 1.1900 0.8330 

1.86 95 305 -0.8192 0.5736 1.5150 1.0630 

2.45 105 15 +0.2588 0.9659 0.6350 3.3700 

3.10 115 856 0.9962 0.0872 3.0900 0.2700 

3.40 125 155 0.4226 <=0.9063 1.4380 3.0800 

3.05 135 225 «0.7071 =0.7071 2.0600 2.0600 

2.10 145 295 =0.9063 +0.4226 1.9000 0.8880 

1.256 155 540.0873 0.9962 0.1090 1.2450 

0.70 165 75 0.9659 0.25688 0.6770 0.1810 

0.15 1756 145 0.5736 «0.8192 0.0870 0.1230 

8.036 «7.6700 7.8400 «811355 
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2S Y sin x = 2/18(18.9452) 2.105 
M 

24 Ycos x = 2/18(=6.5447) = - 0.727 
i 

tel 3/ - taml -0.727 =. tem] - 0.345 :- 19 <~ 
B 2. 105 

: 2 
WAC + BZ = TI05%. 4 U2 a 2.81 = 

2/18(8.8436 = 6.7180) 2/18(2.1256) = 0.236 

2/18(11.7405 « 4.3143) 2/18(7.4262) 1] O
o
 

® [0
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n
N
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tan! Bz = ten-10.824 + tan! 3.5 - 7495 

£3 a5 
a:PFRPS°PFF PH P 

VaZ § BZ = V0.256 + 0.5 TTT 20.846 ¢ 

2/18(6.7093 = 9.5980 = 2/18(=2.8897) = - 0.2321 

2/18( 6.7540 7.7605) = 2/18(-1.0065) = 0.112 

tan=l Bg = tan-l 0.2490 = 190201 

Bs 

)
]
 

26 
‘ 

Anz 2/18(8.0136 « 7.6700 ) = £.18(0.3436) = 0.0382 

Br 

On= 

I 

2418(7.8400 =~ 8.1855) = 2/18(=0.2955) = - 0.0328 

- -1 terrlBy = ten”! : -0.858 = - 40°40! 
Ay 

V AZ - Bf = V 0U-U3BZ ¢ = US032B< - 0.0554 



DATA POR FIG 21 



33. 

Y xin x $s Y cos. x 
Y %° x Sin x Cos x 

0.45 5) 5 0.0373 0.9962 0.0395 0.4480 

0.90 15 15 0.2588 0.9659 0.2330 0.8700 

1.30 25 25 0.4226 0.9063 0.5500 1.1800 

1.55 35 35 0.5737 0.8192 0.8900 1.2700 

1.50 45 45 0.7071 0.7071 1.0600 1.0600 

1.15 55 55 0.8192 0.5736 0.9425 0.6610 

0.70 65 65 0.9063 0.4226 0.6350 0.2960 

0.55 75 75 0.9659 0.2588 0.5315 0.1420 

0.25 85 85 0.9962 0.0872 0.2490 0.0218 

« 0,15 956 95 049962 =0.0872 0.1495 0.0131 

« 0.15 105 105 0.9659 «0.3588 0.1450 0.0388 

+ 0.05 115 115 0.9063 =0.4226 0.0453 0.0211 

0.60 125 125 0.8192 «0.5736 0.4920 0.3440 

1.45 1356 135 0,7071 «0.7071 1.0250 1.0250 

2.45 145 145 0.5736 =0.8192 1.4080 2.0100 

3.55 155 155 0.4226 «0.9063 1.5000 3.2200 

3.15 165 165 0.2588 =0.9669 0.8150 3.0400 

1.15 175 175 0.0872 «0.9962 0.1050 1.1450 

10.3306 0.2945 6.0007 10.8051 



34. 

Sex Cos 3 x 

x 3x° sin 3x cos. 3x 

: : ; + : 7 

H ° 3 

5 15 0.25688 0.9659 0.4350 

15 45 0.7071 0.7071 0.6360 

25 75 0.9659 0.2588 0.3370 

35 105 0.9659 =0.2588 0.4020 

45 135 0.7071 =~0.7071 1.0600 

55 165 0.2588 «0.9659 1.0550 

65 195 =0.2588 «0.9659 0.1810 0.6760 

75 225 «0.7071 =0.7071 0.3890 0.3890 

86 255 =0,9659 =-0.2588 0.2415 0.0647 

95 285 -0.9659 10.2588 0.0388 

165 315 «0.7071 0.7071 0.1060 

115 345 «0.2588 0.9659 0.0129 0.0483 

125 15 40.2588 0.9659 0.5800 

135 46 0,7071 0.707 1.0250 

145 75 0.9659 0.2588 0.6350 

155 105 0.9659 =0.2588 0.9200 

166 135 0.7071 =0.7071 2.2250 

175 165 0.2588 <=0.9659 1.1100 

0.8244 3,6983 8.0665 



35 « 

Y Sin 5x Y Cos 5x 
y 3° 530 "Sine 5x gox 5x 

0.46 5 25 0.4826 0.9063 0.1900 0.4075 

0.90 15 75 0.9659 0.2588 0.8700 0.2330 

1.30 25 125 0.8192 -0.5736 1.0650 0.7450 

1.55 35 175 0.0872 =0.9962 =0.1350 1.5450 

150 45 225 =0.7071 =0.7071 1.0600 1.0600 

1.156 55 275 -0.9962 +0.0872 1.1450 0.1000 

0.70 65 325 =0.5736 0.8192 0.4020 0.5730 

0.55 75 15 +0.2588 0.9659 0.1425 0.5310 

0.25 85 656 0.9063 0.4226 0.2270 0.1080 

0.15 95 115 0.9063 «0.4226 0.1360 0.0634 

0.15 105 165 0.2588 =0.9659 0.0288 0.1450 

0.05 115 215 -0.5736 =0.8192 0.0287 0.0410 

0.66 125 265 =0.9962 =0,0872 0.5975 0.0523 

1.45 135 315 =0.7071 0.7071 1.0250 1.0250 

2.45 145 5.40.0872 0.9962 0.2130 2.4400 

3.56 155 55 0.8192 0.5736 2.5100 2.0400 | 

3.16 165 105 0.9659 =0.2588 3.0400 0.9200 

1.15 175 155 0.4226 =0.9063 0.4860 1.0420 

9.2785 4.4336 7.6639 5.4053 



Tx Sin 7x Cos 7x 

Y Sin 7x Y Cos 7x 

+ -+ 

0.5736 

0.9659 

0.0872 

-0.9063 

=0,7071 

40.4226 

0.5962 

0.2588 

-0.8192 

-0.8192 

+0.2588 

0.99682 

=0.4226 

=0.7071 

=0.9063 

10.0872 

0.9659 

0.5756 

0.8192 

=0.,2588 

-0.9962 

=0.4226 

+0.7071 

0.9063 

«0.0872 

=0.9659 

«0.5736 

10.5756 

0.9659 

0.0872 

=0.9063 

=0.7071 

+0.4226 

0.9962 

0.2588 

0.2580 

0.8700 

0.11386 

0.4860 

0.6970 

0.1425 

0.1230 

0.0498 

0.2630 

0.3100 

3.0400 

0.6600 

0.0389 

1.0250 

2.2200 

0.3690 

1.0600 

1.0400 

0.0044 

1.0350 

5.5400 

0.8150 

0.2330 

1.2950 

0.€550 

0.6100 

0.5031 

0.1430 

0.0860 

0.1450 

0.5440 

1.02560 

0.9420 

7.0028 7.8634 6.1731 



37. 

2/18% Y sin x = 2/18(10.3306 = 0.2945) = 1.115 

= 2/18% v cos x = 2/18(6.007 =~ 10.8051) = =~ 0.534 

= ten B = tam 1-0.534 = - 25930! 
+18 

* fa%- B° = V TTITEC 4 OTEBZ = 1.235 

= 2/18% Y sin 3x = 2/18( 14.6193 = 0.8244) = 1.53 

= 2/185 Y cos 3x = 2/18(3.6983 =~ 8.0665) = ~0.485 

z ten~l - 0.4856 = =17° 40! 
1.53 

1/9(9.287856 = 4.4336) 

1/9(7.6639 = 5.4053) = 0.251 

ten=1l 0.251 = 250 
Oo 

se YO + OUEST" 3 0.508 

- 1/9(7.0028 =- 5,9539) = 0.117 

= 1/9(7.8634 = 6.1731) = 0.188 

ten~! 0.188 = 48°10! 
0.117 



DATA POR FIG 22 



38. 

Y Sin x Cos Xx 
Y x0 x0 Sin x cos x 

0.50 5 5 0.0872 0.9962 0,0437 0.4980 

11.50 15 15 0.2588 0.956569 0.3890 1.4500 

2.25 25 25 0.4226 0.9063 0.2500 2.0200 

2.85 35 35 0.5736 0.8192 1.6700 2.3300 

320 45 45 0.7071 0.7071 2.2600 2.2600 

3.15 55 55 0.8192 0.5736 2.56800 1.8050 

2.60 65 65 0.9063 0.4226 2,3400 1.0940 

1.80 75 75 0.9659 0.2588 1.7400 0.4675 

0.55 85 85 0.9962 0.0872 0.5480 0.0478 

0.50 95 95 0.9962 =0.072 0.4980 0.0436 

0.95 105 105 0.9659 «0.2588 0.9180 0.2460 

0.15 116 115 0.9065 =0.4%226 0.1360 0.0635 

0.70 125 126 0.8192 =0.5736 0.5740 | 0.4020 

1.38 135 136 0.7071 <=0.7071 0.9550 0.5550 

1.656 145 145 0.5736 «0.8192 0.9450 1.3540 

1.65 155 155 0.4226 <=0.9063 0.6970 1.4950 

1.256 165 1656 0.25688 «0.9659 0.3240 1.2100 

0,50 175 175 0.0872 «0.9962 0.0437 0.4980 

16.0694 1.5520 12,3254 5.2140 



39. 

Y x0 32° Sin 3% Cos. 3% Dati Yor 

0.50 5 15 0.3588 0.2659 0.2950 0.4830 

1.80 18 45 0.7071 0.7071 1.0600 1.0600 

2.25 25 785 0.9659 0.2588 2.1700 0.5820 

2.85 35 106 0.9659 «0.2588 2.7550 0.7375 

3.20 45 135 0.7071 -0.7071 2.2600 2.2600 

318 55 165 0.2588 =0.9659 0.8150 3.0400 

2.60 65 195 «0.25688 =0.5659 0.6730 2.5500 

1.80 75 225 «20.7071 =0.7071 1.2700 1.2700 

0.58 85 205 =0.,9659 =0.25688 0.5300 0.1425 

0.50 95 285 =0.9659 +0.2588 0.4830 0.1290 

0.95 105 3186 «0.7071 0.7071 0.6720 0.6720 

0.15 115 5496 «0.2588 0.9569 0.0388 0.1450 

0.70 125 15 +0.2588 0.2659 0.1810 0.6770 

1.35 135 45 0.7071 0.7071 0.9550 0.9550 

1.65 145 75 0.9659 0.2588 1.5940 0.4270 

l.66 156 105 0.2659 «0.2588 1.8940 0.4270 

1.26 166 136 0.7071 =0.7071 0.8830 0.8830 

0.5 175 165 0.2588 «0.9659 0.2950 0.4830 

16.0508 2.4730 4.1840 12,7390 



40. 

XY 20 Bx Sin 5x Cos. 5x Y Spurs Y rove 

0.50 5 256 0.4226 0.9063 0.2115 0.4530 

1.50 15 75 0.9659 0.2588 1.4500 0.3880 

2.25 25 125 0.8192 «0.5736 1.8400 1.2900 

2.85 35 175 0.0872 =0.9963 0.2580 2.8400 

3.20 45 225 -0.7071 -0.7071 2.2600 2.2600 

3.15 55 275 =0.9962 +0.0872 3.1400 0.2750 

2,60 65 325 «0.5736 0.8192 1.4900 2.1300 

1.80. 75 15 0.2588 0.9659 0.4660 1.7400 

0.55 85 65 0.9063 0.4226 0.4980 0.2330 

- 0,50 95 115 0.9063 =0.4226 0.4530 0.2120 

- 0.95 105 165 0.2588 =0.9659 0.2460 0.9200 

- 0.15 115 215-0.5736 =0.8192 0.8500 0.1230 

+0.70 125 265-0.9962 =0.0872 0.6970 0.0610 

1.35 135 315 «0.7071 +0.7071 0.9550 0.9500 

1.65 145 5 10.0872 0.9962 0.1440 1.6450 

1.65 155 55 0.8192 0.5736 1.3500 0.5450 

1.26 165 105 0.9659 =0.2588 1.2100 0.3240 

0.50 175 155 0.4226 -0.9063 0.2116 0.4530 

8.4890 9.2410 10.0140 17.2280 



41, 

Y sin. 7x gos. Tx 

Y x0 7x° Sin. 7x Cos. 

> : - fon : - 

0.50 5 35 0.5736 0.8192 0.2870 0.4100 

1.50 15 105 0.9659 =0.2588 1.4500 0.3890 

c.25 25 175 0.0872 =0.9962 0.1960 2.2400 

0.85 35 245 =0.9062 =-0.4226 2.5800 1.2000 

3.20 45 315 -0.7071 10.7071 2.2600 2.2600 

5.15 55 25 40.4226 0.8063 1.3300 2.8600 

0.60 65 95 0.9962 =0.0872 2.5900 0.2270 

1.80 75 165 0.2588 =0.9659 0.4760 1.7400 

0.55 85 235 =0.8192 =0.5736 0.4500 1.3150 

- 0.50 95 305 -0.8192 40.5736. 0.4100 0.2870 

- 0.95 105 15 40.2588 0.9659 0.2460 0.9450 

-0.15 115 85 0.9962 0.0872 0.1450 0.0151 

+£0.70 125 155 0.4226 =-0.9063 0.2960 0.6350 

1.35 135 £25 =0.7071 =0.7071 0.9500 0.9500 

1.65 145 295 -0.9063 10.4226 1.4500 0.6975 

1.65 155 5 10.0872 0.9962 0.1435 1.6450 

1.25 165 95 0.9659 0.2588 1.2100 0.3240 

0.50 175 145 0.5736 =0.8192 0.2870 0.4100 

8.6755 8.0810 8.1965 9.3461 



Be 

I. 

+060 

1/9(16.0594 = 1.5520) = 1.61 

1/9(12.3254 = 5.9140) = 0.713 

VV I,01% 4 0.3% «1.77 

1.61 

1/9(16.0508 « 2.4730) = 1.51 

1/9(4.1840 =~ 12.7390) = 0.6175 

tan-1 ~-0.6175 - « 22010° 
PR) 

1/9(8.4890 = 9.2410) = -0.0835 

1/9(10.0140 = 7.2280) = 0.31 

1. & - 

V 070835 +4 OSB = 0.332 

tan-l 0.31 16579 
= 0.0835 

1/9(8.6755 «= 8.0810) = - 0.066 

1/9(8.1965 = 9.3461) = =0.1275 

vl 0.060%; OTIZT5< = 0.143 

tan! «0.1276 -~ - 62%01 

nN
) 



DATA FOR FIG. 23 



43. 

Y Bin. x Coss X 
Y 0 x0 Sin. x (Cos. x 

0.50 5} 5 0.0872 0.9962 0.0437 0.4980 

1.55 15 15 0.2588 0.96569 0.4020 1.5000 

2.40 25 256 0.4226 0.9063 1.0100 2.1750 

2.85 35 35 0.5736 0.8192 1.6550 2,35350 

3.05 45 45 0.7071 0.7071 2.1600 2.1600 

2.90 55 55 0.8192 0.5736 2.3800 | 1.6600 

2.25 65 656 0.9063 0.4226 2.0400 0.9500 

0.90 75 75 © 0.9658 0.2588 0.8700 0.2330 

= 0.85 85 856 0.9962 0.0872 0.8470 0.0740 

« 1.80 95 95 0.89962 =0.0872 1.7920 0.1570 

« 2,20 105 105 0.9569 =0.2588 2.1270 0.5700 

- 1,80 115 115 0.9063 =0.4226 1.6300 0.7600 

- 1,00 1256 125 0.8192 -0.5736 0.8192 0.5736 

{0,00 135 135 0.7071 =0.7071 0.0000 0.0000 

+0.85 145 145 0.5736 «0.8192 0.4875 0.6960 

1.30 156 155 0.4226 =0.9063 0.5500 1.1800 

1.30 165 165 0.2588 =0.9659 0.3370 1.2550 

0.50 175 175 0.0872 =0.9962 0.0437 0.4980 

119589 6.2152 15.5716 3.7030 



44, 

Y Sine. 3x Y Cos. 3x 
Y x0 2x9 sin. 3x Cos. 3x 

0.50 5 15 0.2588 0.9659 0.2950 0.4830 

1.55 15 45 0.7071 0.7071 1.0950 1.0950 

2.40 25 75 0.96569 0.2588 2.3200 0.6120 

2.85 35 105 0.9659 =0.2588 2.7500 0.7375 

3.06 45 135 0.7071 =0.7071 2.1500 2.1500 

2.90 55 1656 0.2588 ~0.9659 0.7500 2.8000 

2.25 65 195 -0.2588 =0.9659 0.5820 2.1700 

0.90 75 225 =0.7071 =0.7071 0.6350 0.6350 

0.85 85 255 0.9659 «=0.2588 0.8200 0.2200 

1.80 95 285 =0.9659 +0.2588 1.7400 0.4660 

2.20 105 315 -0.7071 0.7071 1.5550 1.5550 

1.80 115 345 =0.2588 0.9659 0.4650 1.7400 

1.00 125  1510.2588 0.9659 0.2588 1.9659 

0.00 135 45 0.7071 0.7071 0.0000 0.0000 

0.85 145 75 0.9659 «0.2588 0.8200 0.2200 

1.30 155 105 0.9659 =-0.2588 1.2550 0.3370 

1.30 166 135 0.7071 =0.7071 0.9200 0.9200 

0.50 175 165 0.2588 =0.9659 0.2950 0.4830 

17.2100 1.4758 2.0180 15,5714 



45. 

Y Sin. 5x Y Cos. 5x 
Y x° 5x° Sin.5x Cos. 5x 

0.50 5} 25 0.4226 0.9063 0.2115 0.4500 

1.55 15 75 0.9659 0.2588 1.4980 0.4020 

2.40 25 126 0.8192 =0.5736 1.9650 1.3750 

2.85 35 175 0.0872 «0.9962 0.2490 2.8400 

3405 45 225 =0,7071 =0.7071 2.1600 2.1600 

2.90 85 275 «0.9962 10.0872 2.8900 0.2530 

2.25 65 325 =0.5736 0.8192 1.200 1.8400 

0.90 75 15 +0.2588 0.9659 0.2330 0.8700 

0.85 85 65 0.2063 0.4226 0.7700 0.3590 

1.80 95 115 0.9063 =0.4226 1.6300 06,7600 

2.20 105 165 0.25683 =0.9659 0.5700 2.1250 

1.80 115 215 =0.5736 =0.8192 0.9600 1.6550 

1.80 125 265 =0.9962 =0,0872 0.9962 0.0872 

0.00 1356 315 =0.7071 +0.7071 0.0000 0.0000 

0.85 145 5 40.0872 0.9962 0.0740 0.8480 

1.30 155 55 0.8192 0.5736 1.0640 0.7450 

1.30 165 1056 0.9659 =0.2588 1.2570 0.3370 

0.50 175 155 0.4226 =0.9063 0.2115 0.4500 

8,7192 8.2200 8.0322 7.5160 



46. 

Y Sin. 7x cos. "TX 

vy x° 7x° sin. 7x° cos. 7x° 

0.50 5) 35 0.5736 0.8192 0.2870 0.4100 

1.55 15 105 0.9659 =0.2588 1.4980 0.4020 

2.40 25 175 0.0872 =0.9262 0.2090 0.2390 

2.85 35 245 -0,9063 «0.4226 0.2580 1.2050 

3.05 45 315 «0.7071 10.7071 2.1600 2.1600 

2.90 55 25 +0.4226 0.9063 1.2250 2.6300 

2.25 65 95 0.9963 =-0.0872 2.2400 0.1960 

0.90 75 165 0.2688 =0.9659 0.2330 0.8700 

= 0.85 85 235 =0.8192 =0.5736 0.6950 0.4875 

- 1,80 95 305 «0.8192 10.5736 1.4750 1.0300 

- 2,20 105 15 40.2588 0.9659 0.2700 2.1200 

«1.80 115 85 0.9962 0.0872 1.7900 0.1570 

1.00 125 155 0.4276 =0.90063 0.4226 0.9063 

0.00 135 225 «0,7071 «0.7071 0.0000 0.0000 

+ 0.85 145 295 =0.9003 *0.4220 0.7700 0.3590 

1.30 155 5 40.0872 0.9962 0.1135 1.2950 

1.30 1695 75 0.9659 0.2588 1.2570 0.3370 

0.50 175 145 0.5736 =0.8192 0.2870 0.4100 

29,5195 5,9706 8.5848 6.6290 



A. 

Be 

Bz 

Is 

= 1/9(11.9589 = 6.2152) = 0.638 

1/9(1.35761 - 3.7030) = 1.09 

ten~l 1.09 = 5990! 
0. 658 (e

}!
 

1/9(17.2100 = 1.4758) = 1.75 

1/9(15.5714 - 2.0180) = 1.53 

torre f i Tm. am 

tan-1 1.53 - 410101 
° 

1/9(87192 « 8.2200) = 0.0556 

1/9(8.0322 « 7.5160) = 0.0574 

Vv OT0550°.4 O.057Z° = 0.08 

tan-1 0.0574 = 450 40! 

V0.575 £- 0.215% = 0.428 

-1 bent S:818 = 56°50" 

1/9(915195 = 5.9706) = 0.395 

1/9(8.5848 - 6.6290) = 0.218 

47. 



T A FF OR F I G. 24 



48, 

Y x0 X0 Sin. XO Cos. Xx y Sim. Gos 2 

0.65 5 5 0.0872 0.9962 0.0567 0.6470 

1.80" 18 15 0.2588 0.9659 0.4670 1.7400 

2.56 25 25 0.4236 0.9065 1.0750 2.3100 

2.80 .35 35 0.5736 0.8192 1.6600 2.3700 

2.25 4b 45 0.7071 0.7071 1.5200 1.5200 

1.25 85 55 0.8192 0.5736 1.0250 0.71 0 

0.00 65 65 0.9063 0.4226 0.0000 0.0000 

- 0.90 15 75 0.9659 0.2588 0.8720 0.2330 

- 1.20 85 85 0.9962 0.0872 1.1900 0.1047 

- 0.95 95 95 0.9962 =0,0872 0.9460 0.8280 

- 0.50 105 105 0.9659 =0.2588 0.4830 0.1290 

+0.50 115 115 0.9063 =0.4226 0.4840 0.2120 

1.50 125 125 0.8192 =-0.5736 1.2300 0.8600 

2.15 135 135 0.7071 =0.7071 1.5200 1.5200 

2,50 145 145 0.5736 =0.8192 1.4300 2.0500 

2,55 155 1556 0.4226 «0.9063 1.0750 2.3100 

2.15 165 165 0.2588 =0.9659 0.5675 2.0750 

1.00 175 175 0.0872 =0.9969 0.0872 2s 0.9969 

12.1674 3.4890 10.2610 10.3616 



49. 

Y x0 3x° Sin. 3x (08.3% F Sin, bs goss 5a 

0.65 5) 15 0.2588 0.9659 0.1685 0.6280 

1.80 15 45 0.7071 0.7071 1.2720 1.2720 

2.55 25 75 0.9659 0.5588 2.4700 0.6600 

2.80 35 105 0.9659 =0.2588 2.71l-=~ 0.7250 

2.25 45 135 0.7071 =0.7071 1.5900 1.5900 

1.25 55 165 0.2588 =0.,9659 0.3240 1.2100 

0.00 65 195 -0Q.2588 =0.9659 0.0000 0.9659 

- 0.90 75 225 «0.7071 =-0,7071 0.6350 0.6350 

- 1.20 85 255 =0.9659 =0.2588 1.1700 0.3110 

= 0.95 95 285 «0.9659 +0.2588 0.9180 0.2460 

« 0.50 105 315 =0,7071 0.7071 0.3540 0.3540 

+£0.50 116 345 =0,2588 0.9659 0,1295 0.4830 

1.50 125 15 +0.2588 0.9659 0.3890 1.4500 

2.15 135 45 0.7071 067071 1.5200 1.5200 

2,50 145 75 0.96.69 0.2588 2.4200 0.6480 

2.55 155 105 0.9659 «0.2588 2.4700 0.6600 

2.15 165 A135 0.7071 =0.7071 1.5200 1.5200 

1.00 175 166 0.2588 =0.9659 0.0872 0.9659 

20.0177 0.1295 7.6070 8.2568 



50. 

3 x° 5x° Sin. 5x Cos. bx i ¥ Woman 

0.65 5 25 0.4226 0.9063 0.2740 0.5890 

1.80 15 75 0.9659 0.2588 1.7400 0.4670 

2.55 25 1256 0.8192 «0.5736 2.0900 1.4600 

2.80 35 175 0.0872 =0.9963 0.0440 2.7900 

2.25 45 225 =0.7071 =0.7071 1.5900 1.5900 

1.256 55 275 -0.9962 +$0.0872 1.2450 0.1090 

0.00 65 325 =0.5736 0.8192 0.0000 0.0000 

0.90 75 156 +0.2588 0.9659 0.2330 0.8700 

1.20 85 65 0.9063 0.4226 1.0880 0.5070 

0.95 95 115 0.9063 =0.4226 0.8600 0.4030 

0.50 105 165 0.2588 <=0.9659 0.1290 0.4830 

0.50 115 215 =0.5736 =0.8192 0.3865 0.4100 

1.50 125 2656 -0.9962 =0.0872 1.4950 0.1310 

2.15 135 315 -0.7071 +0.7071 1.5200 1.5200 

2.50 145 5 10.0872 0.9962 0.2180 2.4900 

2.55 155 55 0.8192 0.5736 0.2090 1.4600 

2.15 165 105 0.9659 =0.2588 0.2080 0.5570 

1.00 175 155 0.4226 =-0.9063 0.4226 0.9063 

5.2056 8.54656 7.4120 9.3303 



51. 

XX Sin. 7x Y Cos. 7x 
Y X0 7x0 Sin. 7x (Cos. 7x 

0.65 5) 35 0.5736 0.8192 0.3720 0.5320 

1.80 15 105 0.9659 =0,2588 1.4500 0.4660 

2.55 25 176 0.0872 =0.9962 0.2230 2.5400 

2,80 35 245 =0,9063 «0.4226 2.5400 1.1800 

2.25 45 516 =0.7071 +0.7071 1.5900 1.5900 

1.256 &5 25 +0.4226 0.9063 0.5280 1.2450 

0.00 65 96 0.9962 =0.0872 0.0000 0.0000 

- 0,90 75 166 0.2588 =0.9659 0.2330 0.8700 

«1.20 85 235 «0.8192 =0.5736 0.9830 0.6870 

«= 0.95 095 305 -0.8192 40.5736 0.7780 0.5340 

= 0.50 106 15 +0.25688 0.9659 0.1290 0.48 0 

+ 0.50 115 85 0.9962 0.0872 0.4980 0.0437 

1.50 125 155 0.4226 =0.92063 0.0850 1.3600 

2.16 135 225 -0.7071- =0.7071 1.5200 1.5200 

2,50 146 206 «0.5063 40.4226 2.3700 1.0550 

2.55 185 5 0.0872 0.9562 0.2280 2.5400 

2.15 165 75 0.9659 0.2588 2.0800 «S670 

1.00 176 145 0.5736 «0.8192 0.5736 0.8192 

8.3426 8.3820 9.1297 7.9022 



= 1/9(12.1674 « 3.42870) = 0.965 

= 1/9(10.2610 = 10.3610) = 0.0111 

V 0.965 < § O.OIIL © = 0.966 

tan"l 10,0111 ¥ 2 0%40" 
: 0.965 

1/9(20.0177 - 0.1295) 

1.9(7.6070 ~ 8.2368) 

VEE. 4 orc = 

tan 0.07 

1/9(5.2056 =- 8.5465) = =0.371 

1/9(7.4120 - 9.3303) z =~ 0.213 

I5 2- VW Oe3W1 =< 4 0.215 3g 0.485 

O5= = ten-1 -0.213 £100 
0.3L 

Ap = 1/918.3426 - 8.3820) =z -0.0043 

By = 1/9(9.1297 - 7.9022) 0.136 

Ip: YOO0I3 2 § 0TTIE0C ; 0.136 

67 = tan~l 0.136 = 9100501 
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Fig. 1. Portable Oscillograph Equipment 



OSCILLOGRAPH 
TYPE EM FORM C 

INSTALLATION 

UNPACKING 

The apparatus is usually shipped in several 

cases. The galvanometer is packed separately 

from the main oscillograph case. The vibra- 

tors, synchronous motor, cam, ground 

glass slide and step pulley, as well as film 

holders, supplies and some other small parts 

will be found in a box provided for their stor- 

age. It is well to notice the method of packing, 

especially that of the galvanometer, in case the 
apparatus is to be reshipped. 

LOCATING NON-PORTABLE EQUIP- 
MENT 

The various parts of the equipment may be 

set up on any substantial table, approxi- 

mately 36-in. by 48 in. on top and about 32 in. 

high. The rheostats and film-driving motor 

may all be mounted under the table, leaving 

the table top for the oscillograph, lamp, 

ammeters and resistors for the vibrator cir- 

cuits. Ammeters of highest accuracy are not 

required. All switches should be located in 

as convenient a position as possible. Con- 

nections should be made as shown in Fig. 6. 

TABLES FOR PORTABLE EQUIPMENT 

The portable table shown in Fig. 1 has the 

necessary rheostats, instruments, control 

switches and film-driving motor permanently 

mounted on it. The connections for this table 

are for use with an arc lamp only and are 

similar to those shown in Fig. 6 except that 

a triple-pole double-throw switch is provided 

to make it convenient for using either the 

film-driving motor mounted on the table or 

an auxiliary motor, such as one with a fly- 

wheel or one with a speed reduction unit, for 

very slow film speeds. This motor circuit is 

connected as shown in Fig. 5. The table for 

use with either an arc or a Mazda lamp 

is similar to the above with the addition of a 

transformer and rheostat, a switch for chang- 

ing transformer connections for either 110 or 

220 volts and a second one for readily con- 

necting the lamp and ammeter in either the 

arc lamp or Mazda lamp circuit. Con- 

nections for this table are shown in Fig. 5. 

MOUNTING GALVANOMETER 

After locating the oscillograph case on the 

table, adjust the levelling screw S, Fig. 2, 

until it sets firmly. Separate the group of 

field and vibrator leads and become familiar 

with the relative location of each so they will 

not be interchanged later. See that the vi- 

brator cells are clean and place the galvano- 

meter in position, as shown in Fig. 8, fastening 

the base down with the four screws which 

are in place in the wooden sub-base. It is not 

necessary to remove the case for this purpose. 

Three leads complete the field circuit in- 

side the case. Two of these are attached to the 

galvanometer winding. One has a plug ter- 

minal and should be inserted in the upper 

terminal board and clamped in place in the 

position marked F. The other which is 

furnished with an open end terminal and the 

lead marked FLD from the lower terminal 

board, (also furnished with an open end ter- 

minal), should be clamped together under the 

binding post in the back of the case. 

FILLING CELLS WITH DAMPING 
LIQUID 

Remove the packing from the galvano- 

meter cells, Fig. 3 and Fig. 4,and see that they 

are clean inside. Fill each cell with sufficient 

damping liquid to just cover the top of the 

pole tips, PT, Fig. 4. If a bubble appears be- 

tween the pole tips and cell window, it should 

be removed by means of a thin wooden tool. 

INSERTING VIBRATORS 

Before inserting a vibrator, clean the vibra- 

tor seat, VS, with a piece of soft cloth 

to remove any collection of dust or damping 

liquid which might prevent the vibrator 

from seating properly. See that the vibrator 

seat is set to give a maximum opening in the 

cell top. Lower the vibrator carefully into 
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Fig. 2. 

this opening, with the back of its frame rest- 

ing flat against the rear cell wall, until the 

block A strikes the vibrator seat. Then push 

it straight forward as far as it will go into its 

seat and clamp it in this position by means 

of screw C. 

The tension on the vibrator suspension is 

adjusted by means of the knurled head TS 

and is read on the spring balance SB, each 

ring representing 2 oz., the lowest one next to 

the lip indicating zero, the next 2 oz., the 

next 4 oz., etc. Standard vibrators, type V, 

should be adjusted to 6 oz. and high sen- 

sitivity vibrators, type SV, to 4-oz. tension. 

Increased tension on a vibrator lowers 

its sensitivity and raises its natural frequency 

while decreased tension has the opposite 

effects. 

Connect the vibrator leads to their re- 

spective vibrators, keeping the three pairs 

within the case free from each other and from 

the galvanometer field and field connections 

if more than 1000 volts are to be applied be- 

tween vibrators. 

FUSES 

The upper terminal board, Fig. 2, includes 

fuse holders. Suitable lengths of the fuse wire 

supplied should be inserted at F, 1, 2, and 3. 

4 

Oscillograph Showing Terminal Boards 

OPTICAL SYSTEM 
ARC LAMP 

This lamp, shown in Fig. 1, is intended for 

use on a 100-125-volt direct-current circuit and 

requires a resistor of 7 to 15 ohms connected 

in series. This is preferably adjustable to per- 

mit raising the current temporarily while mak- 

ing an exposure but should have 7 ohms fixed 

so that the current cannot be raised beyond a 

certain limit, say twice normal operating cur- 

rent. A 7-ohm fixed resistor is satisfactory if 

the carbons are not allowed to remain to- 

gether longer than just sufficient to start an 

arc. The current required for slow speed 

photographic records or for viewing is 6 to 8 

amperes and that for high-speed photography 

is 8 to 10 amperes. 
The carbons used are 4 in. by 8 in. solid 

and 4 in. by 6 in. cored. The solid carbon must 

be used in the horizontal position as the posi- 

tive electrode and the cored one in the ver- 

tical position as the negative electrode. The 

electrode which is positive can be recognized 

by its greater brilliancy. Do not use a cored 

carbon for the positive electrode as it will 

produce a beam with a dark center. The tip 

of the vertical carbon should be about on a 

level with the bottom of the horizontal one. 

A pin-hole in the lamp housing directly 
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Fig. 3. 

back of the arc throws an inverted image of 

the hot carbon tips on a small screen sup- 

ported by the rear guard. This makes it possi- 

ble to adjust the arc without looking at it 
through the colored glass window. 

The lens will require occasional cleaning. 
Lack of light can usually be 

attributed to dirt on this lens. 

MAZDA LAMP 

A Mazda lamp rated 6 volts, 

18 amperes, 108 watts is used in 

the lamp stand shown in Fig. 7. 

This can be connected to a large 

6-volt battery or to the second- 

ary of a small step-down trans- 

former. 

The transformer furnished for 

this purpose on the portable 

table, Fig. 5, is rated 250 watts, 

110/220 volts primary, 7.5 volts 

secondary. A rheostat must be 

connected in the primary circuit 

to adjust the light intensity. 

(If it is desired to increase the 

intensity a definite amount while 

a film is being exposed, a special 

rheostat provided with a short- 

Galvanometer 

circuiting switch may be placed 
in either the primary or second- 
ary circuit and short-circuited 
while the greater light intensity is 
required. No provision is made for 

doing this.) The lamp has normal 

life at 18 amperes but may be 

operated momentarily at 20 am- 

peres, however, at this current 

value, its life is short. 

The lamp stand has been ad- 

justed for the lamp which is fur- 

nished. When replacing a lamp, it 

may be necessary to make read- 

justments because of variation in 

the height of the filaments. To 

do this, loosen the three screws A,, 

Fig. 7, and remove the lamp 
housing. If the center of the new lamp fila- 

ment isnot 914 inches above the table, that is, 

at the same height as the center of the light 

aperture in the oscillograph case, loosen the 

set screw B, and bring the lamp to the cor- 

Fig. 4. 

rect height. Then tighten the set screw and 

Galvanometer Cell with Front Removed, 

Showing Vibrator in Place 

The following parts, Fig. 4, are designated by letters so that the 
names may be known: CG, cell gasket; VSC, vibrator shipping 
cartridge; CW, cell window; CF, cell front; PT, pole tips; VS, 
vibratorjseat; VM, vibrator mirror; SB, spring balance; B and B, 
bridges;3TS, tension screw. 

5 
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Fig. 6. Connections for Non-portable Oscillograph 

Equipment Using Arc Lamp 

replace the housing in such a position that the 

wires supporting the filament do not come 

between the filament and the lens Ds. 

Loosen the screws C, and move the lens 

holder vertically until the center of the lens 

is at the same height as the center of the 

lamp filament, then retighten them to hold it 

in this position. The distance between the 

filament and the lens can be varied and 

should be adjusted before using, to produce 

the brightest spots on the cell windows. 

LAMP CONNECTIONS 

Either the arc or the Mazda lamp may be 

used while adjusting the beam, but this ad- 

justment is easier when using an arc lamp 

because of the brighter light obtained. In 

either case the center of the lens in the lamp 

should be at the same height as the center of 

~
 

the aperture in the side of the 

oscillograph case. 

When the arc lamp is used on 

a table, Fig. 5, designed for use 

with either type of lamp, it should 

be connected to the terminals 

marked LAMP and the double-pole 

double-throw switch under the 

table near the transformer should 

be thrown to the side marked ARC 

LAMP. The arc lamp switch on 

the front of the table then closes 

the circuit through the lamp and 

ammeter. 

The Mazda lamp may be used 

by connecting it to the same 

LAMP terminals and throwing the 

switch to the end marked MAZDA 

LAMP. A second double-pole 

double-throw switch near the lamp 

terminals may be turned either to 

the end marked 110 V. or to that 

marked 220 V. according to the 

voltage available. The switch on 

the table front marked MAZDA 

LAMP A-C. SOURCE, then con- 

trols this circuit, the voltage being 

Fig. 7. Mazda Lamp 
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If it is desirable to use a 

Mazda lamp with a table de- 

signed for arc lamp only, it 

must be connected - externally. 

ADJUSTING LIGHT BEAM 

Open door B, Fig. 2, and turn 

knob D, Fig. 8, counter-clock- 

wise, opening the shutter SH. 

Place the lamp with the lens 

approximately 6 in. from the 

oscillograph. Light the lamp 

applied to the terminals directly under this and move it, readjusting its height if necessary 

switch. The MAZDA LAMP RHEOSTAT so that the three prisms G are in the beam of 

regulates the light intensity. The ammeter light. 

Fig. 8. Oscillograph Showing Internal Arrangement 

marked LAMP is used for either lamp. The optical system has been correctly 

oM ol I 
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Vew i u 0 

iy Shutter LJ 

; Be Lamp Lens 
VM Vibrator Mirror / 
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Oy Light Cut-off \/ 
G Prism Cylindrical oh Tracing 
CL Cylindrical Lens Saat. Screen 
OM Oscillating Mirror 

Fig. 9. Diagram of Optical System 



adjusted at the factory and should not ordi- 

narily require readjustment before using. 

The prisms reflect beams of light from the 

lamp to the respective vibrator cell windows 

CW, Fig. 4. Each prism has two faces which 

are at right angles to each other. One of these 

should be turned to face the incoming beam of 

light from the lamp and the other should 

face the cell window (see Fig. 9). The knurled 
heads H, Fig. 8, are used to control the 

angular adjustment of these prisms. 

Hold a thin card in such a position, inside 

the oscillograph door, that a clearly defined 

silhouette of the prisms can be seen through 

it with the prisms on a vertical diameter of 

the light beam. 

The three light cut-offs Oi, located between 

the prisms and their respective cell windows, 

are used for adjusting the width of the beams 

or for entirely cutting off any beam which is 

not required. Open these cut-offs by means of 

handles E until the maximum amount of 
light falls on each window. 

LOCATING LIGHT SPOT ON GROUND 

GLASS 

The lever L must be in a vertical position, 

‘as in Fig. 2, to allow the light beam to 

pass to the ground glass. This lever may be 

unlocked by pushing it toward the tracing 

screen. 

The beam reflected from the vibrator 

mirror can usually be found by means of the 

spot produced on a small card held in front of 

and just above the cell window. This spot 

may be kept on the card and followed for- 

ward, making necessary vertical and horizon- 

tal adjustments by means of screws S and W 

respectively, Fig. 3, until it is located three 

inches (approximately) below the bottom 

edge of the metal top plate. When the card 

is removed; the spot should be seen on the 

ground glass. More accurate adjustment 

vertically is determined by removing the 

ground-glass slide, holding a piece of thin 

paper close to the slot in the front plate and 

observing the position of the light spots. 

These should be adjusted by means of the 

Oscillograph, Type EM Form C GEH-62/ 

screws S, Fig. 3, until the center of each 

beam is in the middle of the slot. 

The width of each image is adjusted by 

means of the corresponding light cut-off Oj, 

Fig. 8. The intensity of the light beam required 

depends upon the velocity of the spot with re- 

spect to the film. For general use a light spot 

1 mm. wide is sufficient. 

Close the galvanometer field switch and 

adjust the current to 0.35 ampere by means 

of the GALV. FIELD RHEOSTAT. If the 

light spot moves when closing or opening this 

circuit, with the vibrator circuit open, it is 

an indication of the presence of a magnetic 

substance between the pole tips. Open the 

galvanometer field circuit, take the vibrator 

from the cell and with a thin wooden tool, 

remove any foreign substance from the space 

between the pole tips PT, Fig. 4. It is seldom 

necessary to remove the damping liquid or 

to take the cell from the galvanometer in 

order to do this. 

AUXILIARY ZERO TRACER 

This consists of a stationary mirror ad- 

justed by means of a ball and socket. It is 

located on the middle cell with its mirror 

slightly below the vibrator mirror and: in the 

same beam of light. In order that this may 

give a true zero, the spot from its mirror must 

be lined up vertically on the ground glass 

with that from the middle vibrator. The two 

spots will not exactly coincide, one always 

being higher than the other. This tracer may 

be moved to either of the other cells if de- 

sired. It is of particular advantage when 

using a long film holder since the film cannot 

be given a second exposure. It is not necessary 

when using short films and should ordinarily 

be turned to one side. 

CONNECTION OF VIBRATOR CIRCUITS 

In all cases, before closing the circuit 

through a standard oscillograph vibrator, 

sufficient resistance should be connected in 

series to keep the maximum current below 

0.2 ampere. The resistors for the vibrator 

circuits are designed for 0.2 ampere unless 

marked otherwise but they will stand 0.3 
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Diagrams for Current Measurements 

*These leads should be twisted to prevent error due to inductance. 
tThe resistance of switch contacts should be kept as low as possible for all current measurements. 

ampere momentarily. The current through a 

high sensitivity vibrator should be kept below 

0.07 ampere. The oscillograph vibrator may 

be considered as the equivalent of the moving 

coil of a milli-voltmeter and when used for 

recording current may be connected directly 

to the drop terminals of a current shunt. If 

the drop from this shunt is more than 0.3 volt 

when a standard vibrator is used or 0.1 volt 

with a high sensitivity vibrator, resistance 

must be connected in series with the vibrator. 

The connections for measurement of direct 

current are as shown in Fig. 10. If this is a high- 

voltage grounded circuit, the shunt should 

always be placed next to ground. If the cir- 

cuit is not grounded and is above 2500 volts, 

only one vibrator can be used and the com- 

plete equipment, as well as a battery for 

operating the oscillograph, must be properly 

insulated from ground and the safety of the 

operator should receive special attention. 

For measuring alternating current, either 

a shunt or a current transformer in connec- 

tion with a shunt may be used as shown in 

Fig. 10 and Fig. 11. - A current transformer 

should not be used for recording transient 

values of current. On the other hand, it is safe 

to use a current transformer for recording 

current in a line at a high potential above 

ground, while a shunt should not be used 

except with the extreme precautions men- 

tioned above. 

For potential measurements the connec- 

10 

Diagrams for Potential Measurements 

tions are as shown in Fig. 12 and Fig. 13. 

If one line is grounded, the vibrator should 

be connected next to ground. It is advisable 

to connect approximately 10 ohms per volt 

applied in series with a standard vibrator. 

The high sensitivity vibrator requires about 

three times as much resistance in series as 

the standard one. 

The pair of leads to each vibrator should 

be twisted in order to keep the circuit: as 

nearly non-inductive as possible and prevent 

errors due to inductive disturbances. For 

current measurements the contact resistance 

of switches in the vibrator circuits should be 

kept as low as possible. 

VISUAL OBSERVATION OF 
WAVE SHAPES 

ATTACHING SYNCHRONOUS MOTOR 

With the lever L still in the vertical posi- 

tion, as in Fig. 2, put the cam end of the cam- 

shaft through the upper hole in the left-hand 

side of the case and insert the end of the 

shaft in the bearing shown at Kj, Fig. 14. The 

synchronous motor can now be placed in 

position as follows: Insert the shutter end 

of the synchronous motor shaft in the hole 

in the center of the cam-shaft disk. Turn the 

armature until the slot in the shutter-vane 

clamp engages with the pin on the cam-shaft 

disk. Clamp the motor in position by means 

of screws R, Fig. 15. Before starting the 



Fig. 14. Lens and Mirror Support 

motor, oil all bearings indicated in the para- 

graph entitled “Oiling,” page 16, and spin 

the motor armature to make sure that the 
bearings do not bind. 

STARTING SYNCHRONOUS MOTOR 

See that screw O, Fig. 14 and Fig. 15, is 

tightened at the near end of the slot. Con- 

nect the synchronous motor to the circuit, 

the wave shape of which is to be observed. 

Close the circuit (see page 19 for cur- 

rent values required) and start the motor 

armature toward you by hand and at the 

same time raise the starting handle Q, Fig. 

15, allowing the circuit to be broken by the 

contactor striking on the interrupter on the 

motor shaft. Hold the handle in this position 

until synchronous speed is. obtained then 

lower it and reduce the current to the run- 

ning value. If synchronous speed 

is not reached in less than 10 

seconds, let the motor stop until 

the contacts cool. If the arcing 

is continued long, it will heat the 

contacts sufficiently to destroy 

them. 

Unlock lever L and move it 

toward the galvanometer until it 

locks in the other position as 

shown in Fig. 15. This lowers 

the cylindrical lens CL4, Fig. 14, 

and the oscillating mirror OM into 

the path of the beam and cuts off 

the light from lens CL and the 

ground glass. Loosen the screw O 

"and push it carefully to the far end 
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of the slot ‘and fasten it. A straight 

zero line should now be seen across the 

tracing screen from front to back. Close the 

galvanometer field and vibrator switches and 

a wave should be seen on the tracing screen. 

Adjust the amplitude of the wave by cau- 

tiously changing the resistance in series with 

the vibrator. 

If two cycles appear instead of one, the 

motor is running at half speed. Reset the 

lever L in the vertical position and screw O 

at the near end of the slot. Start the motor 

as before and see that only one cycle appears 
on the screen. . 

When through using the tracing screen, 

always return lever L to the vertical position. 

PHOTOGRAPHIC RECORDS 

GENERAL PREPARATION 

For driving the film holder a motor of at 

least 1/20 h.p. should be used. This should 

be belted to the step pulley on the film driving 

head using the belt cord furnished. To pre- 

vent irregularities in driving the film a long 

splice should be used in this belt. The film 

holder should be made to turn counter- 

clockwise facing the step pulley on the driving 

head. On the portable table the motor is ad- 

justable for the purpose of tightening the 

belt and can be clamped in any position by 

Fig. 15. Oscillograph Showing Photographic 

and Tracing Features 
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means of the knob just back of the idler 

pulleys on the table top. 

In arranging the curves, by observation of 

the spots on the ground glass, it should be 

borne in mind that deflections from left to 

right will give a curve from the bottom to 

the top of the printed oscillogram. The record 

from vibrator No. 3 will appear at the top 

and that from vibrator No. 1 at the bottom 

of the print. 

A photographic or other suitable dark room 

should be provided for the loading of film 

holders and the developing of films. The films 

are extremely sensitive and should be handled 

carefully even under the ruby light to prevent 

fogging and to obtain the best results. 

SHORT FILM HOLDER 

To load the short film holder, hold the 

revolving drum with the driving end of its 

shaft toward the operator. Fasten one end 

of the film, with emulsion side up, under the 

spring clips and bring it around in a clockwise 

direction, fastening the other end under the 

same spring clips, lapping over the first end. 

Replace the drum in the holder and see that 

it turns freely in a counter-clockwise direc- 

tion looking at the driving end. Turning in 

the reverse direction will pull the film from 

the drum. Set the index lever on the film 

holder shutter in the closed position indi- 

cated by C on the end of the holder. Screw the 

driving dog X, Fig. 2, in the end of the shaft, 

fastening it with the lock-nut. 

When taking oscillograms the lever L, 

Fig. 15, must be in a vertical position and the 

synchronous motor armature secured with 

the word OPEN in sight to keep its revolving 

shutter from obstructing the light beam. 

Remove the ground glass slide V, and replace 

it with the loaded film holder with the driving 

end to the right, pushing it down against 

the stop. Engage the driving dog in the 

driving arm Y, Fig. 15 and Fig. 16. Close the 

electromagnetic shutter SH, Fig. 8, mechani- 

cally by turning knob D. It can now be 

operated by either of the shutter controls 

described hereafter. The motor for driving the 

film may now be started. The film holder 

shutter is opened for exposure by setting its 

index lever at O and closed again immediately 

after exposure by setting the lever at E. This 

shutter should not be left open longer than 

necessary for making the exposure and never 

when the film drum is not rotating. A second 

exposure may be made with the vibrator 

switches open to obtain zero lines. 

ELECTROMAGNETIC SHUTTER 

This shutter is designed for operation from 

the direct-current source which is used for the 

galvanometer field, etc., sufficient series re- 

sistance being mounted under the oscillo- 

graph base. When making adjustments which 

require more than a few seconds, this shutter 

should be locked open mechanically (see top 

of page 8). It may be held open momentarily, 

as when observing the light spots just before 

making an exposure, by pressing the push 

button A,, Fig. 15, on the front of the oscillo- 

graph. 

Two controls are provided, one of which is 

adjustable for starting the record at the 

beginning of the film and the other is instan- 

taneous for recording non-recurring tran- 

sients. If the shutter circuit is allowed to 

remain closed through any one of the three 

control contacts, except while the film is 

being exposed, the magnet coils will be 

damaged. 

The condenser which is mounted inside the 

case, is connected across the control contacts 

for the purpose of absorbing voltage rises 

when the circuit is opened. As this condenser 

remains charged for some time, if it is neces- 

sary to handle the bare contacts, the shutter 

circuit should be opened and the condenser 

discharged by pushing button A.. 

ELECTROMAGNETIC SHUTTER CON- 

TROLS 

Adjustable Shutter Control.—With this 

control the exposure does not begin until 

approximately one revolution after pulling 

the trigger. It is adjustable so that the ex- 

posure may be made to start at the begin- 

ning of the film. This control is set by pushing 
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the lever Z, Fig. 16, down as far as it will go. 

It is tripped by pulling a cord of non-con- 

ducting material attached to the trigger A, 

and should be reset immediately after each 
operation. 

To compensate for the shutter lag and to 

open the shutter at the beginning of the film, 

it is necessary to close the circuit through the 

coil which operates it a definite time before 

this part of the film reaches the slot. The 

angle of advance required depends upon the 

film speed to be used. The worm contact wheel 

D,, Fig. 16, has twelve equally spaced holes 

around one side. When the locking bolt Ci, 

is set in the hole marked 0, the circuit will 

be closed when the driving arm points toward 

the slot in the oscillograph front plate. For 

film drum speeds up to 200 r.p.m. the locking 

bolt should be set in this hole, for each 200 

r.p.m. additional it should be set one hole 

farther forward, ie., in hole marked 1 for 

speeds from 200 to 400 r.p.m., etc. An accurate 

setting can not be predetermined as the lag 

of various shutters differs slightly, but the 

above will give a good approximate setting 

for the first trial record. A closer setting may 

then be made as a result of this trial. When 

the worm contact wheel is correctly set, the 

shutter should open when the lap of the film 

is directly opposite the slot and remain open 

for one complete revolution of the film drum. 

The shutter has been so set that there will 

be very little lap or gap in the record. If, 

after continued use, it is found that the lap 

has increased, the shutter should be reset 

by turning the shutter tension screw STS, 

Fig. 8, clockwise 14 to 14 turn. (Do not make 

more than a complete turn or the spring will 

be damaged.) This screw can be reached with 

a small screwdriver through a hole in the 

shutter case without removing the oscillo- 

graph case. Film drum speeds above 1200 

r.p.m. are not recommended. At speeds 

higher than this, the film may be thrown from 

the drum and the spring clips may be dam- 

aged. 

The contact arm K, Fig. 16, is adjusted 

correctly so that the average travel before mak- 
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ing contact on Dj is one revolution. This re- 

quires no adjustment unless accidentally 

shifted, in which case it can be readjusted by 

means of screw S;, which regulates the dis- 

tance of the return travel of this arm. 

Instantaneous Shutter Control.— With this 

control the shutter circuit closes immediately 

on pulling the trigger, but the exposure may 

start at any point on the film. This is particu- 

larly suitable for recording a non-recurring 

event. 

Fig. 16. Film-driving Head and 

Shutter-control Mechanisms 

This control is set by pushing lever E,, 

Fig. 16, away from the rubber driving 

wheel F;, and turning the contact disk 

G; toward the driving wheel until it strikes 

the stop. It is tripped by pulling a 

cord of non-conducting material attached 

to the trigger H;. The contact brush I; has a 



GEH-624 Oscillograph, Type EM Form C 

slot under the clamp screw for making ad- 

justment for immediate contact when the 

trigger is tripped. For remote control, any 

suitable electromagnetic tripping device may 

be used to release the trigger. 

Fig. 17. Long Film Holder 

SHORT FILMS 

The photographic films ordinarily used are 

made especially for the oscillograph and are 

known as ‘Transparent Non-Curling Films 

for the Oscillograph, 37% in. by 1234 in.” 

These are about the same speed as ordinary 

roll films for use in cameras. 

“Super-speed’”’ films, known as ‘Eastman 

Portrait Films, 37% in. by 1234 in.,”’ are also 

available. These are better suited for use when 

an incandescent lamp is the source of light. 

When using an arc lamp, the width of beams 

can be reduced, thus giving finer lines on the 

record. These films are made from thicker 

stock and have also the ‘‘safety’ feature 

which makes them practically fireproof. 

MARKING FILMS 

It is advisable to mark an arrow on the 

film before taking it from the drum to indi- 

cate the sequence of events on the record. 

To do this properly hold the drum with the 

driving end of its shaft toward the operator. 

Mark the arrow with a lead pencil on the 

beginning of the film to the right of the lap 

at the far side. The arrow should point to 

the right of the operator. This arrow then 

points in a direction which is opposite to the 

rotation of the drum, but in the direction of 

the sequence of events. If desirable to place 

a number or other notation on the film before 

developing, this may be conveniently placed 

near the arrow but on the left of the lap. 

With this system of marking, the arrow will 

be in the lower left-hand corner and the num- 

ber in the lower right-hand corner of the 

finished print. 

DEVELOPER 

Any good photographic developer suitable 

for films may be used. 

LONG FILM HOLDER 

The long film holder, Fig. 17 and Fig. 18, 

consists of a case and drum similar to that of 

the short film holder, with a film magazine 

mounted on the top. The film is wound onto 

Fig. 18. Loading Long Film 

Holder 



the drum from the spool in the magazine 

during the exposure. This holder is designed 

to use a non-autographic film on a spool 

approximately 334 in. long overall. Eastman 

No. 101, Eastman No. 122 (non-autographic), 

or Ansco No. 18 films may be used. From the 

above, films may be chosen which will give 

records ranging from two to five feet long 

(see Supplies, page 18). 

In order to put the film spool in the maga- 

zine, pull out the spool-pin P at each end 

and drop the spool in place, allowing the spool 

pins to snap back into the ends of the spool. 

It is usually convenient to lock one of the 

spool pins out by turning it slightly clockwise 

after pulling it out. This leaves one hand free 

to handle the spool. After the pin is in place 

in one end of the spool, the other can be re- 

leased, thus fastening the spool. The maga- 

zine is reversible and only the way the film 

is put into it determines which way it should 

be assembled with the holder. 

Place the holder with the flat side down on 

the table in front of you with the driving 

shaft to your right. Screw the driving dog X 

into the hole in the end of the shaft, securing 

it with the lock-nut, and turn the drum until 

the driving dog points up. A slot T will then 

be seen in the drum as shown in Fig. 18, into 

which the end of the paper covering the film 

should be inserted. Hold the magazine above 

the holder as shown in the figure so that, when 

the seal on the film roll is removed, the paper 

can be unrolled from the bottom of the spool 

with its black side up. The end of the paper 

should now be inserted in the slot T and the 

drum turned about one revolution in a coun- 

ter-clockwise direction looking at the driving 

end. The black side of the paper should now 

be seen on the outside of the drum and the 

film will later be on the outside of the paper 

with its emulsion side out. The magazine 

should then be replaced on the holder and 

fastened down by means of the two thumb- 

nuts N. There will still be enough paper on 

the spool for about one more turn around the 

drum. This is sufficient to allow the film to 

start from rest and get up to uniform speed 

15 

Oscillograph, Type! EM Form C GEH-62/ 

before the exposure begins. Drum speeds 

above 400 r.p.m. are not recommended with 

this film holder. 

Before making an exposure with this film 

holder, the shutter SH, Fig. 8, should be 

opened mechanically by turning knob D and 

the shutter in the film holder should also be 

opened as described for the short film holder. 

The shutter in a long film holder need never 

be closed unless records covering onlya portion 

of the length of the film are desired. The 

auxiliary zero tracer should be adjusted before 

inserting the film holder in the oscillograph 

front plate. 

This holder may be driven from the same 

motor as a short film holder except for drum 

speeds below 40 r.p.m. In this case it is ad- 

visable to use a speed reduction unit or a 

larger pulley. 

While this holder may be loaded in day- 

light it must be unloaded in the dark room. 

The magazine is removed and the end of the 

paper is pulled out through the opening in 

the holder. When the film appears, an arrow 

should be marked on it pointing toward the 

end of the film. This indicates the sequence 

of events on the record. It is also advisable 
to place a number or other designating mark 

on the film before developing it. 

CARE 

DAMPING 

In all oscillograph records and especially 

in recording rapid transients it is important 

that proper damping be used to give correct 

deflections. The best test for damping is to 

make and break a direct-current circuit one 

or more times during a revolution of the film 

drum and take an oscillogram of the current 

flowing, using deflections and film speeds at 

least as great as are to be used for the oscillo- 

gram of the transient. 

If the damping is not great enough, the 

vibrator mirror will travel too far when the 

circuit is first closed or opened and then drop 

back to the steady value, producing what 

is called “‘over-shooting.”” On the other hand, 
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if the damping is too great, there will be a lag 

in the travel of this mirror in reaching a steady 

value, which rounds off the corners of the 

record. Correct damping should give prac- 

tically square corners to the record in the 

above test. 

Since the damping properties of any oil 

depend upon its viscosity and therefore upon 

its temperature, it is advisable to place a 

thermometer on the galvanometer with its 

bulb near the back of the cell and note the 

temperature at which the best results are 

obtained in the damping tests mentioned 

above. The best galvanometer temperature 

when using the damping liquid furnished will 

probably be found between 30 deg. and 35 

deg. C. This temperature can usually be held 

very closely by regulating the time the exci- 

tation is kept on the galvanometer field. At 

ordinary room temperature, it will usually 

be found that if the excitation is kept on the 

galvanometer field for about half an hour 

before taking the first oscillogram and after 

that only while records are being taken, the 

galvanometer temperature will remain nearly 

constant. A thermometer may not be neces- 

sary for any tests except where the magni- 

tude of a rapid variation is the important 

part of the record. 

GROUNDING 

Each element of the galvanometer is pro- 

vided with a grounding post on the magnet 

core, MP, Fig. 3. A vibrator may be grounded 

by connecting the nearer of its terminals, 

VT, to its grounding post. Each vibrator 

which is connected to a circuit of 200 volts 

or over must be thus grounded. 

When the potential between the vibrators 

is more than 1000 volts, keep the different 

pairs of vibrator leads within the case free 

from each other and from the galvanometer 
field and field connections. 

The maximum permissible potential be- 

tween vibrators is 2500 volts with each vi- 

brator grounded to its magnet core. 

CLEANING VIBRATOR CELLS 

If the damping liquid in the cells becomes 

cloudy or dirty, empty and clean the cells 

thoroughly and refill with fresh damping 

liquid. After a vibrator has been burned out, 

examine the cell to see if pieces of the vibrator 

strip are left in the damping liquid. Such 

pieces should never be allowed to remain in 

the cells. These can often be fished from the 

cell with a fine wire without removing the 
cell from the galvanometer. 

CLEANING OPTICAL SYSTEM 

The whole optical system including all 

lenses, prisms and mirrors must be kept clean. 

Good photographic records can not be ob- 

tained unless this is done. If the damping 

liquid does not come above the top of the cell 

window, or if an air bubble is allowed to re- 

main between the pole tips and cell window, 

indistinct and inaccurate records will be 
obtained. 

OILING 

Keep the following bearings well oiled 

with good light oil: bearing N,, Fig. 16; the 

armature bearings of the synchronous motor; 

the cam shaft bearing at K;, Fig. 14; the pivots 

of the synchronous mirror at L; and M;. 

(This is most conveniently done by removing 

the tracing screen, opening the shutters 

under it by moving the handle L, Fig. 15, 

down to the tracing position and using a 

small wire to direct the drop of oil.) See that 

the cam surface C,, Fig. 14, is kept lubricated 

with good vaseline. 

SHIPPING 
Never ship the oscillograph with the gal- 

vanometer in place. The vibrators should be 

removed and packed in the parts box, to- 

gether with other small parts as indicated 

by the index on the inside of the cover. The 

damping liquid should be emptied and the 

galvanometer packed separately. 

REPAIRS 

MOUNTING SUSPENSION ON STAND- 

ARD VIBRATOR 

Clean the vibrator thoroughly, using gaso- 

line or benzol, and be sure there is no dirt in 

the slots of bridges B and B;, Fig. 19. Retin 
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Fig. 19. Standard Vibrator and Shipping Case 

the lips J and J,, Fig. 20, if necessary, using 
the non-corrosive soldering flux furnished 
with the oscillograph, and making sure that 
no excess solder, short pieces of vibrator strip 

or dirt of any kind is short-circuiting the 
vibrator terminals at this point. 

The block FB, Fig. 19, is then brought to 

its highest position by tension screw TS. The 

end of the suspension strip is soldered to the 

lip J, Fig. 20. The strip is then put in place 

in the slot SL, Fig. 19, and is carried without 

twisting over the bridges B and Bj, under and 

around the pulley P, to the right and along- 

side of the bridges B; and B, back through the 

slot SL. and on the top of the lip J;. The strip 

is then held by the thumb against the block A 

as shown in Fig. 20, while being soldered to 

the lip Ji. After soldering, the strip is raised 

into the slots on the bridges by means of a 

large needle or a toothpick. The strips should 

lie flat in the slots so as to come in the same 

plane when viewed edgewise between the 
bridges. The proper tension should now be 
applied by the tension screw TS (see 
paragraph 2 under “Inserting Vibrators,” 
page 4). 

MOUNTING SUSPENSION ON HIGH 
SENSITIVITY VIBRATOR 

This vibrator has two copper leads from the 
binding posts to a terminal block just above 
the upper bridge. The pulley is mounted on 
a link. These modifications shorten the sus- 
pension and make its resistance almost as low 
as that of the standard vibrator. The sus- 
pension is mounted on this vibrator in a man- 
ner similar to that of the standard vibrator 
except that the suspension is soldered to the 
two copper leads at the terminal block. 

CEMENTING MIRROR TO SUSPENSION 
The mirrors are most easily handled with 

a small, sharp, wedge-pointed wooden tool, 

Fig. 20. Mounting Suspension on Standard 

Vibrator 
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which has been moistened. (This can be made 

from a match or toothpick.) Place a thin 

coating of the mirror cement furnished with 

the oscillograph on the suspension midway 

between the bridges and place the vibrator 

mirror VM, Fig. 4 (silver down), on the cement. 

Press the mirror down gently and evenly on 

the strips. The long edges of the mirror must 

be parallel with the outside of the strips in 

order to prevent the mirror from striking the 

pole tips when the vibrator is in place. Allow 

the cement to set in air at least 6 hours 

before using the vibrator. Any cement adher- 

ing to the face of the mirror should then be 

carefully removed with a sharp knife. 

SUPPLIES 

CARBONS 

The horizontal (positive) carbons are 14 in. 

by 8 in. solid. The vertical (negative) carbons 

are 14 in. by 6 in. cored. Sold in lots of one 

or more dozen pairs. 

DAMPING LIQUID 

Furnished in 4 oz. bottle sufficient for one 

filling of the cells. 

FILMS FOR SHORT FILM HOLDER 

“Transparent Non-Curling Films for the 

Oscillograph, 387% in. by 1234 in.” are fur- 

nished in lots of one or more dozen by the 

General Electric Company, Schenectady, 

N. Y., or they may be obtained in lots of six 

or more dozen from the Eastman Kodak 

Company, Rochester, N. Y. 

Super-Speed films, known as ‘‘Eastman 

Portrait Films, 374 in. by 1234 in.,”’ may be 

obtained in lots of one or more dozen from 

the General Electric Company, Schenectady, 

N.Y. 

FILMS FOR LONG FILM HOLDER 

Eastman No. 101 Film. 

6-Exposure, about 2 ft. long. 

12-Exposure, about 4 ft. long. 

Eastman No. 122 Film. 

6-Exposure, about 3 ft. long. 
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10-Exposure, about 5 ft. long. 

Ansco No. 18-A Film. 3 

6-Exposure, about 3 ft. long. 

Ansco No. 18-B Film. 

10-Exposure, about 5 ft. long. 

Eastman films may be obtained at local 

Kodak agencies or in lots of one or more dozen 

from the General Electric Company, Sche- 
nectady, N.Y. 

Ansco films may be obtained only from 

agencies handling this line of products. 

MAZDA LAMPS 

Suitable 6-volt, 108-watt Mazda Lamps 

for the Oscillograph may be obtained only 

from the General Electric Company, Sche- 

nectady, N..'Y. 

MIRRORS 

For standard vibrators, Type V: 0.060 in. 

long; 0.017 in. wide; 0.006 in. thick. 

For high sensitivity vibrators, Type SV: 

0.030 in. long; 0.015 in wide; 0.006 in. thick. 

Either size sold only in standard packages 

of one dozen mirrors. 

MIRROR CEMENT 

This is furnished in 14 oz. bottles. 

SOLDERING FLUX 

This is a non-corrosive soldering flux and is 

furnished in 34 oz. bottles. 

SUSPENSION STRIPS 

For standard vibrators, Type V (silver 

alloy), 0.007 in. by 0.00075 in. 
For high sensitivity vibrators, Type SV 

(silver alloy), 0.006 in. by 0.00055 in. 

Either size sold only in standard packages 

of one dozen strips. 

ORDERS FOR SUPPLIES 

Any supplies listed above may be obtained 

from the General Engineering Laboratory, 

General Electric Company, Schenectady, 

N. Y., marking order ‘‘Oscillograph Sup- 

plies.’ 



SUMMARY OF DATA ON TYPE 
EM, FORM C, OSCILLOGRAPH 

GALVANOMETER 

Resistance of field—250 ohms approxi- 

mately. 

Field current—0.35 ampere. 

Maximum permissible potential between 

vibrators is 2500 volts with each vibrator 

grounded to its magnet core. 

STANDARD VIBRATOR, TYPE V 

Normal tension—6 ounces, as indicated by 

the spring balance. 
Allowable tension—4 to 10 ounces. 

Suspension resistance (between terminals) 

—1.5 ohms approximately. 

With 6 oz. tension on this vibrator, the ° 

sensitivity is approximately 0.005 ampere per 

millimeter deflection on the ground glass or 

film. The natural frequency, undamped, is 

approximately 5000 cycles per second. 

HIGH SENSITIVITY VIBRATOR, TYPE SV 

Normal tension—4 ounces, as indicated by 

the spring balance. 
Allowable tension—2 to 6 ounces. 

Suspension resistance (between terminals) 

—1.5 ohms approximately. 
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With 4 oz. tension on this vibrator, the 

sensitivity is approximately 0.0015 ampere 

per millimeter deflection on the ground glass 

or film. The natural frequency, undamped, 

is approximately 3000 cycles per second. 

SYNCHRONOUS MOTOR 

Voltage—100 to 125 a-c. with rheostat in 

series. 

The average starting current at 25 or 60 

cycles is 1.5 to 2.5 amperes and the running 

current from 1.5 to 2.0 amperes. 

ARC LAMP 

Operated from 100-125 volt d-c. source. 

Normal current 6 amperes. 

Current for high-speed work 6 to § amperes. 

MAZDA LAMP 

Operated from 110 or 220 volts a-c. stepped 

down to 6 volts or from 6-volt battery. 

Normal current 18 amperes. 
Current for high-speed work not over 20 

amperes momentarily. 

ELECTROMAGNETIC SHUTTER 

Operated from the same d-c. source as arc 

lamp. 
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ARGENTINA: General Electric, S. A., Buenos Aires, Cordoba, Rosario de Santa Fé, and Tdcuman 
AUSTRALIA: Australian General Electric Company, Ltd., Sycaey, Melbourne, Adelaide, Brisbane, and Newcastle 
BELGIUM AND COLONIES: Societe d’Electricite et de Mecanique (Procedes Thomson-Houston & Carels) 

Societe Anonyme, Brussels, Belgium 
BraziL: General Electric, S. A., Rio de Janeiro, and Sao Paulo 

C International General Electric Co., Inc., 
CHILE: International Machinery Company, Santiago, Antofagasta and V 
CENTRAL AMERICA: New Crleans, Ia. 

Iparaiso; Nitrate Agencies, Ltd., Iquique 
CHINA: Andersen, Mever & Company, Ltd., Shanghai; China General Edison Company, Shanghai 
CoLoMBIA: Wesselhoeft & Poor, Bogota, Barranquilla, and Medellin 
CuBA: General Electric Company of Cuba, Havana, and Santiago de Cuba 
DurcH East INDIES: International General Electric Company, Inc., Soerabaia, Java 
Ecuapor: Guayaquil Agencies Co., Guayaquil. 
Ecypt: British Thomson-Houston Company, Ltd., Cairo 
FRANCE AND COLONIES: Compagnie Francaise Thomson-Houston, Paris; International General Electric Co., Inc., Paris 

GERMANY: International General Electric Co., Inc., Berlin 
GREAT BRITAIN AND IRELAND: International General Electric Co., Inc., British Thomson-Houston Co., Ltd., London, W.C.2; 

British Thomson-Houston Co., Ltd., Rugby 
GREECE AND COLONIES: Compagnie Francaise Thomson-Houston, Paris, France 
HorranNp: Mijnssen & Co., Amsterdam 
INDIA: International General Electric Company, Inc., Calcutta, Bombay, and Bangalore 
ItaLy AND CoLoNIES: Compagnia Generale Di Elettricita, Milan 
JAPAN: Shibaura Engineering Works, Tokyo; Tokyo Electric Company, Ltd., Kawasaki, 

General Electric Co., Inc., Tokyo, Osaka 
Java: International General Electric Co., Inc., Soerabaia 
Mexico: General Electric, S i 
NEW ZEALAND: i 
PARAGUAY: General Electric, S. A., Buenos Aires, Argentina 
PERU: Grace & Company, Lima 
PHILIPPINE ISLANDS: Pacific Commercial Company, Manila 

.» City of Mexico, Guadalajara, Monterrey, Tampico, : 

National Electrical and Engineering Company, Ltd., Auckland, Dunedin, Christchurch, and Wellington 

Kanagawa-Ken; International 

Vera Cruz, and El Paso, Texas 

PorTo Rico: International General Electric Company, Inc., San Juan 
PORTUGAL AND COLONIES: Sociedade Iberica de Construcoes Electricas Lda., Lisbon 
SoUTH AFRICA: South African General Electric Company, Ltd., Johannesburg, and Capetown 
S»AIN AND COLONIES: Sociedad Iberica de Construcciones Electricas, Madrid, Barcelona, and Bilbao 

SwiTzERLAND: Trolliet Freres, Geneva 
URruGUAY: General Electric, S. A., Montevideo 
VENEZUELA: Wesselhoeft & Poor, Caracas 
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PORTABLE OSCILLCGRAPH 

TYPE PM-12-A1 

The following are included as standard equip PM-12-Al oscillograph: 

galvanometers 1 box of vibrator suspension strips 

spare lamp 1 is of vibrator mirrors 

film holder bottle of mirror cement 
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Eastman No. 120 roll film 

folding viewing hood 

bottle of damping liquid 

g flux 
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The two galvanometers are shipped in their mor +3. They are 

completely assembled and filled with damping liquid. Whe ie spare Salm amte is furnished, 

this will be found in a storage compartment within the also mounted in 

a socket on the bottom of the case. The film holder is ot in its A) at the left end 

of the oscillograph panel. 
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PRELIMINARY INSPECTION AND ADJUSTMENTS 

After unpacking the osc eat carefully brush away any dust that may have accumulated 

on the case and pai ng shipment. All adjustmen or ave been made at the factory and it 

should be possible, if yy has not been damaged in shipment, to use it immediately 

as instructed under “Operaticn’’ on page 5. It may be advisable, however, before operating it, 

to remove it from its case for inspection, for in the optical system and for oiling the bear- 

ings. To do this, place the oscill lograph on a table and remove the cover; the hinges can be slipped 

apart for this purpose by pushing the cover to the left after it has eth raised. Remove the four 

round-headed screws A, Fig. 1, at the corners of the panel, and lift the panel from the case by 

grasping the binding posts at each end. Set the panel on the table in the position shown in Fig. 2. 

Each galvanometer is clamped in its mounting by means of a knurled screw B. These screws 

should be kept tight at all times. See that the leads are fastened securely to the binding posts on 

the back of the galvanometers. With a clean soft cloth, polis e front of the lenses in the gal- 

vanometers and be careful not to touch them wit { fin fter. With a piece of cotton 

or cloth, polish both sides of the cylindrical lens C. A can best be accomplished by means 

of a swab formed by wrapping the cloth or cotton around the end of a lead pencil. Now remove 

the viewing screen D from its place on the panel by pulling upward, and carefully polish the 

surface of the oscillating mirror, E. If oil has accumulated on the mirror, it should be cleaned 

off with a cotton swab moistened with carbon tetrachloride or carbona, and polished afterward. 

Use extreme care in cleaning this mirror to touch it lightly, as it is made of very thin material. 

1 

Before placing the oscillograph back in its case, it will be well to adjust the positions of the 

galvanometers and to check the adjustments of the optical system. To do this, connect the 

terminals marked 110 volts a-c. to any 110 volt alternating-current lighting circuit, and throw 

the switch F, to the ON position. Turn the knob marked MOTOR SPEED to the extreme left 

to prevent the motor from running and move the switch marked LAMP to the position marked 1. 

The lamp should now burn. Turn the shutter control knob first to the SET and then to the 

OPEN position, and rotate the disc shutter G, Fig. 8, by hand until a beam of light shines out 

from the end of the prism housing H, Fig. 2. Open each aperture as wide as possible by turning 
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the knobs marked BEAM WIDTH to the extreme left. A brilliant image of the lamp filament 

will now appear on the front of each galvanometer if the prisms are properly adjusted. These 

images should be located so that the small mirror in each galvanometer is approximately in the 

center of the spot of light. If the light spots do not fall on the mirrors, the prisms must be adjusted 

according to the instructions under the heading “Prism Adjustment” on page 9. 

If the prisms are in proper adjustment, each galvanometer mirror will reflect a small beam 

of light, and each galvanometer should be moved in its mounting by means of the knobs J and 

K, Fig. 2, until these beams fall approximately through the center of the cylindrical lens C. 

Each galvanometer lens will also reflect a beam of light that should not be confused with the 

beam from the mirror. The beam from the mirror is narrow and elongated, and is an image 

of the aperture, while the beam from the lens surface is circular in shape. The lens has been 

tilted properly in its mounting so that these two beams will not coincide. The beams may be 

easily located if the adjustments are made in a room that is somewhat darkened. 

When the beams from the galvanometer mirrors are adjusted to fall upon the center of the 

cylindrical lens C, two brilliant spots of light will appear on the viewing screen. These should 

be narrowed down to small spots by turning the BEAM WIDTH controls on the panel. These 

are the spots that trace the curves, and they may be moved at will from the top of the screen 

to the bottom by turning the knobs “J”, or along the screen from left to right by turning the 

shutter disc G, Fig. 8. Now start the motor by turning the knob marked MOTOR SPEED to 

the extreme right, and after it has started, turn the knob again toward the left to prevent it 

from running too fast. Each spot of light should now trace a narrow but brilliant line across 

the screen from left to right, and the lines should extend completely to the ends of the screen. 

The oscillograph should now be ready for operation, but before placing it back in the case, 

the moving parts should be oiled with a good grade of light machine oil. The oil can best be 

applied with a piece of wire that has been flattened on one end, and the places that should be 

oiled are the following: 

(1) One bearing at each end of vibrating mirror shaft; one of these is shown at L, Fig. 2. 

(2) Three bearings in the link mechanism that transmits motion from the cam to the 

vibrating mirror. 

(3) The oiler that provides lubricant for the cam. This oiler is shown clearly at M in Fig. 5. 

Several drops of a heavy oil should occasionally be placed in the small cup N. Vaseline 

is especially recommended for this purpose, and it can be introduced into the cup 

without removing the motor unit by melting it and dropping it in with the flattened 

wire. Each time this cup is filled, the adjustment of the oiler should be checked ac- 

cording to instructions under the heading “Periodical Oiling’’ on page 11. 

Now carefully place the oscillograph back in the case and fasten it down with the four 

round-headed screws. 

OPERATION 

All that it is now necessary to do to place the oscillograph in operation is to connect the bind- 

ing posts marked 110 VOLTS, A. C. to any 110-volt alternating-current lighting circuit and 

the voltage and current whose wave-shapes are to be observed to the binding posts marked 

POTENTIAL GALV. and CURRENT GALYV., respectively, but before doing this, be sure that 
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. switch F, Fig, 1, is off and that the galvanometer rheostats P and Q are each on the OFF button. 

The voltage applied to the POTENTIAL GALV. ‘terminals should not exceed 220 volts, 

and the current through the CURRENT GALV. terminals should not exceed 7 amperes, both 

of the above being root-mean-square or effective v a am be sure that the shutter is open 

by turning the knob in SHUTTER to SET and then to OPEN. Then turn knob marked 

LAMP to position I, throw the s switch to ON, and bring the motor to speed by turning the knob 

MOTOR SPEED 7o the extreme - right. After the motor has started, turn the knob about one- 

half revolution back to the left to prevent the motor from running too fast, By means of knobs 

J, Fig. 1, move the zero lines on the viewing screen to the position desired. It is usually best to 

place them beth in coincidence with the black line across the screen so that it can serve as an 

X-axis. Now close the galvanometer circuits and adjust the amplitude of the waves to their 

desired values by means of the galvancmeter rheostat knobs P and Q and adjust the motor 

speed until the waves on the screen are stationary. The number of complete cycles visible depends 

on the speed of the motor and is, therefore, under the operator’s control, although it is usually 

best on 60-cycle circuits to run the motor at a speed that produces a curve a little over one 

cycle in length. This corresponds to a motor speed of 1800 revolutions per minute, and it is 

not advisable to run it faster than this, although it may be used at slower speeds if desired. 

After the waves have been made stationary, adjust knobs K, Fig. 1, until they are of maxi- 

mum brilliancy. It should not be necessary to move these adjustments again unless the galvano- 

meters are moved or changed in their mountings. 

The positive direction of the time axis on the screen is from left to right so that if the two 

galvanometers are connected in their circuits correctly, the two waves will appear on the screen 

in their proper phase relation to each other. If, however, one is reversed with respect to the other, 

the angle between the two waves will be the correct angle plus or minus 180 degrees. If it is 

known that the phase angle is less than ninety degrees, as is usually the case, there can be no 

danger of an erroneous result in its determination due to a reversed connection, as this will 

make the angle appear greater than ninety degrees. If, however, nothing is known in regard 

to the phase relation, care must be taken to see that the galvanometers are connected correctly 

in their circuits. The instantaneous relative polarity of the terminals in this case should be 

determined by connecting the galvancometers in series in such a way that the two waves on the 

screen coincide. The two terminals that are tied together in the series connection will then be of 

opposite instantaneous polarity. 

The waves as seen on the screen may easily be photographed at any time for preservation 

or analysis with the film holder that is found in the compartment to the left of the panel. The 

film holder should be loaded with standard 2 1/4 in. by 3 1/4 in. non-autographic roll film in 

the same manner as an ordinary camera. Be sure, however, that the film passes under the small 

rolls at the ends of the transparent cylindrical surface. After the end of the paper has been 

started on the re-winding spool, replace the cover, make sure that the slide is completely closed, 

wind the film through until the figure 1 is directly below the red window, and place the film 

holder over the opening in the panel in place of the viewing screen as shown in Fig. 3. Then 

turn the shutter knob to CLOSE, and move the LAMP switch to position 2, increasing the 

trilliancy of the lamp. Press the film holder down on the panel, withdraw the slide as far as 

possible, and move the shutter knob to the position EXP. Release it after holding it in this 

position for a moment, close the slide in the film holder, and move the LAMP switch back to 

position 1. To open the shutter again for visual use, move the SHUTTER knob again to SET 

and then back to OPEN. It is not necessary for the curves on the screen to be stationary when a 
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Type PM-12-41 Oscillograph in Vertical Position 
For Lecture Room Demonstration 
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CLEANING THE OPTICAL SYSTEM 
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Pig. 5. Type Pl-12-41 lNotor Unit, ; 
Showing Diese Shutter, Cam and Cam Oiler 
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ection and Adjustment”. The prisms 

meter lenses, the cylindrical lens, and the vibrating mirror should occasionally be polished 

according to the instructions under “Preliminary Insp 
1 A 

8 4 should also be cleaned occasionally. This can best be done by taking out the two screws T, 

Fig. 6, and removing the entire prism and its mounting. Then carefully clean the prism with a 

iece of cotton 

loosen it from its mounting. It will, of course, be necessary to adjust it again after putting it 

back in place. 

with carbon tetrachloride, carbona or gasoline, taking care nol to 

THE GALVANOMETERS 
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I a 1 all jars incident to any reason- 

ably careful use of the osc “ai They hav filled with damping liquid, and 

ion whatever except in the case of ac- sealed at the factory, Shi shi as require no more attentic 

cidental injury. 1g it may either be returned to the General 

Electric Company, Schenect 7 N ew York 4 — and adjustment, or it may be repaired by 

the operator according t ps 40 owing instructions: 
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The oaly part of an oscillograph galvanometer that is likely to become damaged by ill 

of a loop of fine metallic ribbons 

nall mirror cemented to the loop midway 

ion or moving elemes: 

wo ivory bridges, and w 

treatment is the sus 

tretched tightly 

Petwesn the bridges. 

To replace a damaged suspension, lay the galvanor g its lens downy an on a table 

and remove the ¢ e back. The n remove the 13 illing straight upward ALE © iE 

nt 

5 

on the binding g posts. If fhe plate sticks, 
e 

t of a small 

ach end St pry 

After removing back pla 

the damping 1 

galvanometer or A pieces i a old suspensi 

of the old suspension are removed, it may be used 

be used. s 

and all pieces 

ew liquid should 

> vibrator element in carbon tetra ona or gasoline and lay it on 

of you across two blocks of woed or tio: supports with the binding post 

r one end of a suspension strip 

mall, clean, sharp- 

np the element lightly in a 

1th the oscillograph to the lower pi 

pointed soldering iron and the ithe Polley toward 

you, lay the strip flat in the lef ine of the two bri upports. P and around 

the rey without twisting it i 

the strip until the lever 

Cn 

bridges, and place 

can best be handled by sticking it to t es end of 10istene he . Press the mirror dow. 

ing r centrally located 

scott i apply a little 

, and place the vibrator element 

placing it back in the damping 

1e cement can be dried rapidly 

off oe excess strip. -
 

gently and evenly with the end of a etootbricl | be 

mere cement to t 

in a place where 

liquid. Ifitisn 

=11— 



Fig, 6. Type Pi-12-41 Oscillograph 
Showing Lower Side of Panel 



by holding a warm iron near the mirror but without touching it. 

Before placing the vibrator back in the cell, the gd should be filled with damping quid 

again to about one-quarter inch below the outside surface. The vibrator element can be replaced 

in only one position because one dowel pin is larger than the 

equally. Use a small screw-driver and do not tighten them too much. The gasket has been im- 

pregnated with a wax that makes it unnecess: ighten the screws a great deal to prevent 

leakage of oil. 

i 

CALIBRATION OF GALVANCMETERS 

After a Sefyns ometer has been restrung, it s sensitivity again to the 

standard value if the calibration on the current an 1g meter rhecstats is to be 

used without a correction factor, although if the Setponsion is 0 a so that the pulley lever 

X, Fig. 7, is vertical and if the tension nut Y moved, the calibration will be a proximately 

S
 

correct. 

the potential galvanometer can be checked by applying a known d-c. bP Py 

galvancmeter terminals, and comparing the deflections on the screen 

the volts-per-millimeter factor dent obtained by dividing the applied voltage by 
; 

¢ galvanometer rheostat. The calibration of the current galvanometer can be 
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lar a sensiti on of 60 milliamy e 

screen, and the s en has a natural frequency of about 3000 cycles per second. 

FUSES 

The fuses in the galvanometer circuits will effe ] otect the galvanometers from damaze 

th al application of excessive current. For this reason, it is very improbable 

ary to repair a galvanometer suspension. 

re located in holders on the panel directly above the galvanometer rheostats 

moved by unscrewing the insulated caps which cover them. These 

down tighter than necessary to hold the fuses firmly in place. No 
P 

used in these holders except those supplied f or the purpose. 

The two vibrating mirror bearings and the three bearings of link mechanism that trans- 
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Fig. 7. Vibrator for Type PM-12-41 Oscillograph 
Removed from Cell Box 



. 5, is for the purpose of adjusting the position of the oiling pad J with respect 

is adjustment should be checked occasionally, as the pad surface may in time 

should be adjusted so that it is lightly touched by the high point of the cam. 

sting screw Z can be reached with a screw-driver without removing the motor 

The motor bearings should be oiled occasionally but it is not necessary to do this as frequently 

as the above oil hole is provided in each bearing, ond these can be reached with the flattened 

wire if the osc h is removed from its case and placed cn end with the motor downward. 

. a long spout may also be used for this purpose. bs 

SUPPLIES 

Mazda No. 1133, 32 cp., 6 to 8 volts, single-contact bayonet base automobile headlight 

may also be obtained from local dealers in automobile supplies. lamp. This la 

120 non-autographic six-exposure roll film, or Agfa-Ansco No. B-2 

should be obtained from local dealers in photographic supplies. 

Specify Cat. No. GE2547 one half ampere fuses. These are furnished in boxes of six each. 

DAMPING LIQUID 

+ ufficient for filling four galvancmeters. 

are to be used in Cat. No. 385977CG3 

ackages of one dozen each. 

pec hy that they are to be used in Cat. No. 3859770G3 galvanometers. 

ard packages of on 

3)
 alvanometers. This is furnished in 1/8—oz. bottles. 

SOLDERING FLUX 

ering flux for oscillograph galvanometers. This is furnished in 1/2—oz. bottles. 
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Fig. B. Type PM-12-A1 Oscillograph 
Removed From Ite Case 
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Fig. 9. Circuit Diagram of Type PM-12-A1 Oscillograph 

O 



APPRCVAL, 

The foregoing thesis is hereby approved as a creditable 

study of an engineering subject, carried out -and presented in 

a manner sufficiently satisfactory to warrant its acceptance 

as a prerequisite to the degree for which it has been sub- 

mitted. It is to be understood that by this approval the 

undersigned does not necessarily endorse or approve any state- 

ment made, opinions expressed, or conclusions drawn therein, 

but approves the thesis only for the purpose for which it is 

es 

Name (ty 7... 

submitted. 

Lr 


