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ABSTRACT 

In the development of a pulse p o s i t i o n modulation 

analogue computer the requirement arose t o c o n t r o l a c c u r a t e 

l y the frequency of a magnetic drum^> A c o n t r o l system was 

designed which compares the drum frequency t o a 1000 cps 

t u n i n g f o r k o s c i l l a t o r . , Any d e v i a t i o n i n phase produces 

a corresponding change i n torque on the drum d r i v e motor 

which then c o r r e c t s the phase error., 

As p a r t of the o v e r - a l l p r o j e c t a p r e c i s i o n power 

supply was developed. The requirements were met by modi

f y i n g e x i s t i n g d e signs. 
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CHAPTER I 

INTRODUCTION 

In the development of a pulse p o s i t i o n 

modulation analogue computer the requirement arose f o r 

accurate c o n t r o l of the frequency of a magnetic drum. 

This t h e s i s concerns i t s e l f w ith the design of the e n t i r e 

c o n t r o l system to meet t h i s requirement„ In a d d i t i o n , as 

p a r t of the o v e r - a l l p r o j e c t , s t a b l e p r e c i s i o n power 

s u p p l i e s were developed w i t h an output v o l t a g e of i 300 

v o l t s DC, having both s h o r t term and long term s t a b i l i t y . 
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DRUM CONTROL SYSTEM 

The drum has a clock track containing 1560 notches 

f i l l e d with iron oxide. For the purpose of handling the 

information one track i s divided up into 15 channels, each 

channel containing 104 pulses. To control the frequency 

of the drum a 1000 cps G.R. tuning fork o s c i l l a t o r i s taken 

as a reference frequency standard, the r e p e t i t i o n rate of a 

channel i s taken as 1 railli-second. The frequency from the 

clock track i s therefore 104 kcps. Two phantastron dividers 

are used to divide by 8 x 13o The output of the divider 

network i s a 1000 cps square wave. The phase of the square 

wave i s compared with that of the 1000 cps standard by means 

o f a phase sensitive r e c t i f i e r , , The DC error output i s used 

to control the torque of the drum drive motor which then 

corrects the phase error. 

The storage drum i s controlled by a series AC-DC 

motor., A stable loop must now be designed between the output 

of the phase sensitive r e c t i f i e r and the drum drive motor., 

The steady state volt-ampere requirements of 30 VA make an 

a l l electronic control expensive 0 Therefore i t was decided 

to use a variac control for the drive motor 0 



SYSTEM REQUIREMENTS 

I f the system i s to f u n c t i o n adequately i t must be 

s t a b l e and must have a frequency l o c k on range which i s not 

t i v e r e c t i f i e r w i l l g i v e a f l u c t u a t i n g output and the system 

may not lock o n 0 I t i s t h e r e f o r e d e s i r a b l e to have f i r s t a 

r e g i o n of frequency c o n t r o l and then when the frequency e r r o r 

i s s u f f i c i e n t l y s mall, the system should l o c k on i n phase,. 

The inputs to the system are the random torque v a r i a t i o n due 

to change i n the l i n e v o l t a g e , changes i n mechanical f r i c t i o n 

and random phase d r i f t of the .tuning..'forko' The servo 

system must have a r a p i d enough response to f o l l o w and corn-

transformer of <= 1$ r e g u l a t i o n reduces v o l t a g e v a r i a t i o n s of 

the v a r i a c outputo A phase loc k of the drum may be provided 

w i t h i n i 90° of the 1000 cps standard or w i t h i n * 90° f 15 = ± 

6° of the r e f e r e n c e p o i n t on the drum 0 

To estimate the minimum v a r i a c speed r e q u i r e d to 

f o l l o w random phase v a r i a t i o n s r e f e r to equation (4) chapter I I 

too narrowo I f there i s a frequency e r r o r the phase s e n s i -

.11 

pensate f o r these random var i a t i o n s , . A constant v o l t a g e 

t t 

f o r smalls.' values of t we have 

We now assume the phase v a r i a t i o n to be of the order of 24°/sec 



The v a r i a c s h o u l d be a b l e t o move a t a r a t e o f a t l e a s t 

i 3o75°/sec 0 This would p r o b a b l y ensure phase l o c k 

p r o v i d e d phase changes were n o t g r e a t e r t h a n 24°/sec. Due 

to the l a r g e i n e r t i a of the drum t h i s seems l i k e a r e a s o n 

a b l e assumption,, 

The drum s y n c h r o n i z e r d i s c u s s e d i n Chapter I I I 

c o n s i s t s of the p h a n t a s t r o n d i v i d e r s , the phase s e n s i t i v e 

r e c t i f i e r and an e l e c t r o - m e c h a n i c a l phase d e t e c t o r . ( F i g 0 5) 

The range of f r e q u e n c y l o c k on i s det e r m i n e d m a i n l y by t h e 
.i 

response of t h e motor and t h e gear r a t i o N^. I f t h e gear 

r a t i o i s chosen l a r g e the servo w i l l not be a b l e t o p u l l 

i n f o r r a p i d phase v a r i a t i o n s and i f i s chosen s m a l l 

the smoothness of phase l o c k on w i l l s u f f e r . For c o n t i n u o u s 

r o t a t i o n o f the tachometer w i l l s u p p l y a d r i v i n g v o l t a g e 

to t u r n the v a r i a c d r i v e motor i n the r e q u i r e d d i r e c t i o n . 

As soon as t h e f r e q u e n c y e r r o r has been reduced s u f f i c i e n t l y ; 

t h e tachometer v o l t a g e becomes s m a l l e r and t h e phase s e n s i t i v e 

r e c t i f i e r now o p e r a t e s to g i v e zero phase e r r o r . The v a r i a c 

then undergoes a damped low f r e q u e n c y o s c i l l a t i o n u n t i l phase 

l o c k i s a c h i e v e d . 
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CHAPTER II 

THE SERVO CONTROL SYSTEM 

Consider figure 1„ An error voltage e w i l l 

produce a torque on the motor Mg which w i l l turn through 

an angle 0^o This w i l l cause a s h i f t i n the po s i t i o n of 

the variac and therefore increase or decrease the voltage 

input to the series motor which drives the drum. An 

increase i n voltage w i l l accelerate the drum, a decrease 

i n voltage w i l l decelerate the drum0 

The drum has eleven tracks. One track i s used to 

synchronize the operation of the computer„ On th i s track 

one hundred l i n e s per inch are etched around the whole c i r 

cumference of the drum. They produce a signal whose wave

form i s approximately sinusoidal and which i s 104 kcps when 

the drum i s rotating with 4000 RPM. Any phase error of the 

drum w i l l appear as a phase error |3 of the square wave signal. 

The phase error p i s fed into the drum synchronizer, the 

output of which i s 15p\ 

* For d e t a i l s of drum synchronizer see Chapter I I I . 



From 500.& 
output of 
servo 
a m p l i f i e r 

s e r i e s 
motor 

Fig u r e !<, Input C i r c u i t r y to the Drum Motor 
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Consider F i g . 1 „ ¥3 see t h a t the v a r i a c d r i v e motor and 

the drum motor are i n cascade,. This would l e a d to a t r a n s 

f e r f u n c t i o n of the form 

K . o 

S 2 (S + i" ) (S + i ) 

In order t o o b t a i n a s t a b l e response we must compensate the l a g 

terms by l e a d terms. A tachometer would give us a ( l + S"C^) 

term i n the numerator, but t h i s i s s t i l l inadequate f o r good 

response. To achieve f u r t h e r compensation we use a servo 

motor i n the feed back loop of a high g a i n a m p l i f i e r . T h i s 

has the p r o p e r t y of i n v e r t i n g the t r a n s f e r f u n c t i o n i n the 

fee d back loop which giv e s us an a d d i t i o n a l S (S + —• ) term 
2 

In the numerator. The o v e r - a l l t r a n s f e r f u n c t i o n i s then 

of the form 

i (S + i ) (S + I ) " ' . 
X 4 T 3 

By s u i t a b l e c h o ice of and K an acceptable dynamic response 

can be achieved. 

F i g . 2a shows the s i m p l i f i e d b l ock diagram of the 

c o n t r o l c i r c u i t . The r&ted speed of the drum i s 4000 BPM. 

Let P be the phase e r r o r of the square wave. The e l e c t r o 

mechanical p a r t of the drum synchronizer t r a n s l a t e s t h e 

phase e r r o r p i n t o a s h a f t r o t a t i o n o f 156* which i s the 

phase e r r o r of the system w i t h respect to the 1000 cps r e f e r e n c e . 



15 p 

motor 
and drum 

(a) S i m p l i f i e d Block Diagram of Servo Loop 

loi 

0« 
(d) l A i 1 A 3 l A 

(b) T r a n s f e r f u n c t i o n ^ 

0 i A n g 0 M / 0 i 

-180 
\ 

C J O 

UJ 
phase lead due to 

feedback loop 

(c) Asymptotic P l o t of. 0 M / 0 1 
00 

F i g u r e 2 
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Because the drum has a r e l a t i v e l y large time 

constant compared with the Drum Synchronizer, the Drum 

Synchronizer w i l l position rapidly to the phase error 0 

The Drum Synchronizer has also an output proportioned 

to d 0 . which i s used to improve the performance 
— i = S 0 . 

dt 1 

of the system 0 The output of the amplifier i s fed to the 

motors and MgQ The feed back loop containing Mg i s used 

to s t a b i l i z e the system,, The reactions of the motor are 

opposing those of the drumg therefore Mg helps to make the 

ove r - a l l operation s t a b l e 0 The motor Mg rotates a variac 

which in turn changes the input voltage' of the drum motor. 

We w i l l now apply linear analysis as a guide i n 

determining the compensating elements to achieve system 

s t a b i l i t y . 
Let J be the moment of i n e r t i a of a l l rotating parts 

at the output shaft 
f the c o e f f i c i e n t of viscous f r i c t i o n referred 

to the output shaft 
k 
2 and kg proportionality c o e f f i c i e n t s r e f e r r i n g 

to motor M0 and MQ respectively 
k the synchro displacement constant i n volts/rad s 
k^ the tacho speed constant i n volts/rad/sec 

a the step-up ratio of the output transformer 

k variac displacement constant i n volts/rad 
v 1 

Ngj, Ngj, gear r a t i o 

bp d, scaling factors 

A the amplifier gain 



Then e = dk (0. - 0n) + bk. N_ S 0.„ 
S X O ii JL X 

• • = d k g [ ( i + s xxr 0 t - 0oJ 

bk, N 
with T, • 1 and A 8 = A dk . 1 dk s s 

With t h i s 9 F i g o 2b i s easily derived., 

Therefore 

i 
(1 + ST,) -AL- _ 1 1+ A»Y 

1 

Y 
i + J L 
A? I 

k o0 - J0S (S + i ) 0, V -0 > 

J 2 

where Tg 8 8 -j— 
2 

0 k Henc© v ® 2 1 ' * 8 8 ?*fc~ 8 8 i y """"—""""""j"' p 
2 S(S + ? 2 ) 

1 

- J A (1 + ST 1 ) 3(S + T ; 

1 + J 2 s(s + 
A pkg 

From F i g , 2b 

«kj0 - J 3 S ( S + i > 
3 
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M = ~3 
0 

Therefore 

0 , 

a 
S(S + Tg) 

« , 1 

^7 tid far /7TT V l V (S + f ) 
^3 

( 1 + S T 1 )  

a S 

The type of frequency response to be expected i s shown in Firg.lc 
1 1 

and Ido i s assumed to be zero, x^ i s smaller than Xf 

1 
w bigger than x defines the high frequency range i n which the 

*3 

feed back loop loses i t s s t a b i l i z i n g e f f e c t . 

The dotted l i n e s indicate the response with the com

pensating feed back loop removed. With th i s type of compensating 

network we can expect to obtain a large phase lead between 

+ 90° and 4- 180° over the useful range of operation of the system 

The part of the loop formed by A, Mg, and Mg i s non

linear due to the amplifier saturation and the non-linear motor 

characteristicso We can use the describing function method to 

characterize the transfer function which i s now a function of i n 

put amplitudes The describing function method relates the 

fundamental components of the output to a sinusoidal input and 

neglects a l l higher harmonic outputs. The transfer function 

from the synchro input to the variac output i s replaced by the 

describing function G ( S , 0 . ) 0 G ( S 9 0 . ) was measured experimentally 
X X 

for 0i = 30°, 12°, 4 . 5 ° , and 1.5°.' 
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Let 6 be the phase e r r o r of the square wave, then 

( J 4 S 2 + f 4 S ) 8 = k Q k y 0 M = k Q A V 0 

Therefore 6 B 0 M k ( g 0 } 1 + S ^ 

Ir 

o w i l l be c a l c u l a t e d from the steady s t a t e voltage and 

current as a f u n c t i o n of the angular v e l o c i t y of the drum 0 

The tachometer determines and i s used to increase the 
s t a b i l i t y of the system i n a d d i t i o n to p r o v i d i n g the required 
frequency c o n t r o l . 



13 

THE E V A L U A T I O N Qj? THE DRUM CONSTANTS 

To evaluate the drum constants c o n s i d e r the 

s e r i e s AC-DC drum d r i v e motor M ^ . 

L e t V be the v o l t a g e drop due to the counter e.m.f. 

V the v o l t a g e a p p l i e d to the motor 

Z the impedance of the Motor 

the angular v e l o c i t y of t he motor. 

The r e l a t i o n s h i p s between the above q u a n t i t i e s are as f o l l o w s : 

V = k l Q , 
m 

V = I (Z + k.Ci ). 
From which I = V 

Z + kP. 
The u s e f u l torque of the motor i s 

1 T ! 2 T = Const. 1 0 = k 4 j I 

where 0 i s the magnetic f l u x . 

Therefore T + k, j V ] 2 . 

4 j z + kaI 
it Let V and I be the steady s t a t e values which are f u n c t i o n s ss s s 

o f - Q . T = T i s then the steady s t a t e torque r e q u i r e d to d r i v e s s 

the drum at a constant speed. 
. v Therefore (Z + ki?_ ) = ss , 

ss 
•i T 

T = k 4 
I 
ss 
s s 

2 j 
! v ! v < 

ss 4 
1 , 
SSI, 

i 2 
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But T » T + the a v a i l a b l e torque f o r a c c e l e r a t i n g the drumy s s 

dt ' 

9 

v 2 - v J 

ss 

T = T 
ss 

+ J 4 

Therefore difiL 
d t 

= 1 
J 4 

(T - T ) 

k 4 I 
ss 

2 
dt V~~ ss 

Let 

and 

"4 

t (a) = _N 
J 4 

S S 

ss 

I 2 ss I . 

Then 
dt 

(1) 

For convenience we a l s o drop the absolute s i g n and consider 

a l l v alues to be e f f e c t i v e v a l u e s . 

T h i s equation i s a general equation d e s c r i b i n g the 

dynamic response of the motor and drum. By c o n s i d e r i n g s m a l l 

d e v i a t i o n s from the steady s t a t e p o s i t i o n we can l i n e a r i z e 

equation ( l ) 

dA£> = f (ft ) 2 V s s A V +Vl (Q) V s 2 A ^ - ^ f 2 (Q) 
IT" AO-

Comparing the above equation with the l i n e a r i z e d equation 
k 

d A Q AQ 
d t * % A 4 

gi v e s - i 
A 

V 2 ss 



12,000 120 
1»2 
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i = k 4 
4 ~Tl 

A f t e r expanding 

1 k 4 ( l s s > 2 ^ ( V s s ) 2 

k 
4 _ 1 

U~~ T. I 2 — ^ IV }2 
4 / ss \ 0 ss • 

V s s K> 

The time constant X^ was measured by observing the 

time r e q u i r e d f o r the motor to reach 63$ of the steady s t a t e speed 

f o r a v o l t a g e step of 3.0 v o l t s at the r a t e d speed of 4000 RPM. 

_ 24,7 sec/rad. 
F i g . 3 shows T and V.. measured as a f u n c t i o n ° ss ss 

From the p l o t ( V g s ^ versus .QL a t 4000 RPM ( F i g . 3) 

^ ( V e , J 2 7.64 ( V o l t s ) 2 sec 

I__ as 0.472 amps and 

V e o = 58.7 v o l t s "at 4000 RPM. ss 

A l s o by comparing equation (2) and equation (3) 

f . {£L ) 2 V = k 1 * s s ' ss 0 f 

k o 2 V s s k 4 ^ s s * 2 
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k o (2) (81.5) (o.472) 2 .620 ( R a a ) 2 

J 4 ~ 58.7 * ( S e e ) 2 V o l t s 

k 0 
Because A Y = v M, 

k i i 5 - v §80 2 0 ' 6 V o l t s 
v ~ 320 x 211 ~ R ad » 

( f o r 115 v o l t ^ v a p p l i e d to the v a r i a c ) 

equation (3) becomes 

^oTT + £$?f B .620AV - 12.78 

and 
T 

S + 2477 
I t w i l l be shown i n Chapter I I I that the l a r g e s t , 

amplitude AV= - 66 v o l t s was measured at t he frequency 
0.650 rad/sec. Prom that i t f o l l o w s th&tAQ m ± 565 RPM. 

Prom the p l o t V „ versus Jsiii. and I versus .0. i t * ss ss 
can be concluded t h a t for a change of.Q. = 565 RPM the drum 
operates i n a l i n e a r region. Therefore the t r a n s f e r 
f u n c t i o n of the drum may be assumed to be l i n e a r throughout 
the range of operation. 

The open loop o v e r a l l t r a n s f e r f u n c t i o n i s 

m. . i <s,(z.) = 9- 3° °<Mi> i + s T i . 

This equation neglects the small phase s h i f t i n the drum 
synchronizer* 
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SERVO AMPLIFIER and 

STABILIZING LOOP 

A s h a f t r o t a t i o n 0^ of the servomotor M 0 w i l l s h i f t th 

r o t a t i n g f i e l d i n the synchro Sg and S^ by an amount p r o p o r t i o n a 

to 0 o An a d d i t i o n a l r o t a t i o n of the r o t o r of S. w i l l produce o 1 

an input v o l t a g e t o the a m p l i f i e r which i s p r o p o r t i o n a l to 

0 ^ - 0 Q o The a d d i t i o n of t h i s v o l t a g e with the tachometer 

i n p u t , which i s p r o p o r t i o n a l to S 0 ^ , w i l l g i v e an e r r o r v o l t a g e 

6 = dk ( 0 . - 0 ) + b k . S 0 . . I t i s assumed t h a t the angles 0 
S 1 O t 1 0 

and 0£ are s m a l l 0 The e r r o r v o l t a g e 6 i s a 60 cps amplitude 

modulated s i g n a l which i s f e d i n t o a phase i n v e r t e r . The 

output of the phase i n v e r t e r g i v e s two signals', of equal 

amplitude but 180° out of phase. This s i g n a l i s f e d i n t o 

a c l a s s AB p u s h - p u l l power a m p l i f i e r and from there through 

the output transformer to the motors Mg and Mg. 

The o v e r a l l v o l t a g e g a i n of the phase i n v e r t e r , 

a m p l i f i e r , and output transformer f o r small v o l t a g e s i s 570. 

At approximately 400 rnv EMS input the a m p l i f i e r reaches 

s a t u r a t i o n . The output v o l t a g e of the a m p l i f i e r i s n e a r l y 

90° out of phase wi t h r e s p e c t to the A.C. component of the 

p l a t e c u r r e n t due to the predominantly i n d u c t i v e l o a d . As 

a consequence of the pentode d r i v e the output v o l t a g e i s 

n e a r l y 90° out o f phase w i t h r e s p e c t to the i n p u t v o l t a g e . 

The v o l t a g e on the two servomotor windings are then 

approximately 90° out of phase. This i s necessary f o r 

proper o p e r a t i o n of the servomotors. 



F i g u r e 4 . Servo A m p l i f i e r and S t a b i l i z i n g Loop 
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Any error voltage w i l l t u r n the servomotor M„ u n t i l 0.— 0 
c, 1 0 

i s equal zero. 
Phase Inverter and Push-Pull A m p l i f i e r 
In the two tube paraphase a m p l i f i e r one tube i s used 

as a conventional a m p l i f i e r , the second tube i s used as a 

phase-inverter a m p l i f i e r . The r a t i o of the 100k and 2.0k 
r e s i s t a n c e voltage d i v i d e r across the output i s chosen so 
that the gain from the anode of to Tg i s u n i t y . To 
achieve proper phase i n v e r s i o n the 2.0k r e s i s t o r i s c r i t i c a l . 

The push-pull a m p l i f i e r i s a conventional c l a s s AB 
audio a m p l i f i e r . To cancel out the odd harmonic d i s t o r t i o n 
due to an unbalance between tubes the cathode r e s i s t o r was 
by-passed. S l i g h t harmonic d i s t o r t i o n s do not i n f l u e n c e the 
operation of the motors because a two phase motor acts l i k e 
a f i l t e r w i t h respect t o the higher harmonics. 



CHAPTER I I I  

THE DRUM SYNCHRONIZER 

Fig u r e 5 shows the block diagram of the drum syn

c h r o n i z e r . There are 1560 notches on the synchronizing 

t r a c k . Each t r a c k of the drum i s d i v i d e d i n t o 15 channels, 

each channel corresponding to 104 notches on the s y n c h r o n i z i n g 

t r a c k . The output of the s y n c h r o n i z i n g t r a c k i s almost s i n u s 

o i d a l . This wave form i s a m p l i f i e d i n a r e s i s t a n c e - c a p a c i 

tance coupled a m p l i f i e r and then f e d i n t o a peaker. Two 
g 

phantastron d i v i d e r s are used to d i v i d e the 104x10 pulses/sec 

by 8x13 = 104. The d i f f e r e n t i a t e d outputs of the d i v i d e r s are 

taken from the cathode. The negative peaks of the second 

d i v i d e r t r i g g e r a raonostable m u l t i v i b r a t o r , the output of which 

i s to be 1000 cps f o r proper o p e r a t i o n . The phase of the output 

of the monostable m u l t i v i b r a t o r i s compared with the 1000 cps 

standard i n the phase s e n s i t i v e r e c t i f i e r . 

The f i r s t harmonic of the square wave w i l l be of the 

form A sin(co t + 158) where 6 i s the phase e r r o r of the square 

wave and w i s (2n) x (1000) rad/sec* The s i g n a l coming from 

a 1000 c y c l e t u n i n g f o r k o s c i l l a t o r i s f e d through a r e s o l v e r , 

the output of which i s B s i n (to t + 0 . ) . 0 . i s the angular 
C X X 

p o s i t i o n of the r e s o l v e r r o t o r which i s driven by the motor M^. 

The phase s e n s i t i v e r e c t i f i e r produces a DC s i g n a l which i s 

p r o p o r t i o n a l to ( 0 ^ - 15|3) f o r small e r r o r s . This i s chopped 

i n t o a 60 c y c l e e r r o r s i g n a l and by means of the power a m p l i f i e r 

produces a torque on the r o t o r of the motor M,. 
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w i l l p o s i t i o n r a p i d l y due to the f a s t response 

of the motor. The dynamic o p e r a t i o n of the system can be 

v i s u a l i z e d i n the f o l l o w i n g manners (See F i g . 4.) 

The phase e r r o r e = 0^ — 156 w i l l cause to 

p o s i t i o n u n t i l 0 = 0. The synchro and the tachometer t r a n s 

mit d r i v i n g v o l t a g e s to Mg and Mg. Mg p o s i t i o n s Sg to c a n c e l 

t h i s v o l t a g e and Mg s t o p s . The end e f f e c t i s t h a t the v a r i a c 

has moved a small amount. This causes a change i n torque of 

the drum d r i v e motor which reduces 8. 

A m p l i f i e r and Peaker 

The i n p u t to the r e s i s t a n c e - c a p a c i t a n c e coupled 

a m p l i f i e r i 3 approximately a s i n u s o i d a l s i g n a l of 250 mV 

peak to peak and the frequency i s about 104 kcps. The 

v o l t a g e gain of the a m p l i f i e r i s 70. The peaker i s 

e s s e n t i a l l y a R-L d i f f e r e n t i a t i n g network. The diode 

c l i p s the p o s i t i v e going p u l s e s . The r e s i s t a n c e i n s e r i e s 

w i t h the diode provides a constant v o l t a g e output during the 

conduction i n t e r v a l of the diode. 

PHANTASTRON DIVIDER 

The phantastron d i v i d e r i s a type of monostable 

t r i g g e r c i r c u i t . I t d i f f e r s from a m u l t i v i b r a t o r mainly i n 

the f a c t t h a t a l i n e a r time wave form i s used r a t h e r than the 

exp o n e n t i a l i n m u l t i v i b r a t o r s . This i n c r e a s e s t h e p r e c i s i o n 

s i n c e the l i n e a r sweep i s not very much a f f e c t e d by the tube 

c h a r a c t e r i s t i c s . 

Consider the cathode coupled phantastron shown i n 



+300V 

F i g u r e 6. A m p l i f i e r and Peaker 
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F i g . 7a. Under normal c o n d i t i o n s with the p l a t e c u r r e n t 

cut o f f by the suppressor,the p l a t e v o l t a g e w i l l be E 
9 C C 

because i t i s h e l d at t h a t p o t e n t i a l by Tg. The r e s i s t a n c e 

v o l t a g e d i v i d e r network and the conducting diode T^ set 

the g r i d l e v e l at Ep v o l t s . 

These are the c i r c u i t c o n d i t i o n s e x i s t i n g j u s t 

p r i o r to the i n c i d e n c e of a negative gate on the p l a t e . A 

negative input pulse of about 30 v o l t s i s a p p l i e d to the p l a t e of 

Tj. " * > n r o u g n Tg. As the p l a t e of T^ drops r e g e n e r a t i o n s t a r t s 

which d i s c o n n e c t s T^ from f u r t h e r s i g n a l p u l s e s . Because 

of the a c t i o n of the feed-back c a p a c i t o r C the g r i d drops by 

an equal amount as the p l a t e , thereby becoming n e g a t i v e . The 

drop of the p l a t e voltage i s stopped by the a c t i o n of the g r i d . 

Once t h i s e q u i l i b r i u m i s e s t a b l i s h e d , c o n v e n t i o n a l M i l l e r 

i n t e g r a t i o n i n a c l a s s A a m p l i f i e r occurs through C and Rg. 

During t h i s i n i t i a l change the scree n current i s very much r e 

duced because the tube i s now operating as a pentode. Therefore 

the screen v o l t a g e r i s e s r a p i d l y a t the beginning of the sweep. 

The p l a t e v o l t a g e i s f a l l i n g almost l i n e a r l y as a f u n c t i o n of 

time. The g r i d v o l t a g e r i s e s o n l y s l i g h t l y d u r i n g t h i s p e r i o d 

to compensate f o r the i n c r e a s e o f p l a t e c u r r e n t . When the p l a t e 

v o l t a g e bottoms the g r i d v o l t a g e r i s e s r a p i d l y toward E as C 
SS 

charges. 

• When the g r i d r i s e s so does the cathode. This makes 

the suppressor negative with res p e c t to the cathode. The p l a t e 

c u r r e n t i s cut o f f and the screen p o t e n t i a l drops. The p o s i t i v e 
) 
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r i s e of the g r i d i s stopped when Tg conducts. Then the p l a t e r i s e s 

toward E with a speed mainly determined by RjC. The p l a t e 

p o t e n t i a l r i s e s u n t i l Tg conducts. As soon as a pulse appears 

on the cathode of Tg the a c t i o n w i l l be repeated. 

Phantastron A n a l y s i s 

The d i v i s i o n r a t i o s of 8 and 13 must be s t a b l e . I t 

i s t h e r e f o r e important to know the e f f e c t o f tube v a r i a t i o n s on 

the d i v i s i o n s t a b i l i t y . 

For the 6AS6 pentode used the d i v i s i o n r a t i o of p l a t e 

to screen c u r r e n t during the sweep i s approximately 3.1. Re

f e r r i n g to F i g . 7a and b we have 

i = 4 i • 
3 P 

e = e * - i r g g c c t 

i so g e 
P • m g » 

— e = 2 R» e 
p V L g ; ' , 

Therefore 

The c u r r e n t f l o w i n g through the condenser i s 

E + E__. - e DD 
R 

k = C d_ ( e g O 

g 
dt 

Epjj i s d e f i n e d by -Epp = Ep -V where V i s the i n i t i a l step 

i n p l a t e v o l t a g e . E + E n D
 6 5 SR ("O + E ' U + SCR ) 

OO O Sr O O 
Let C R_ = x . 

E g g + EDD - S * e
P
 + ( 1 + SX) ( 1 + I «» r c ) p^-

^m L 

n +A_ + f Is.> (s*y+1_ + 4 
L 

- ( E + E^.,) = e gg DD' p 
« m R L R 3 r ' " ".' gX 3. R L 
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With J[c =0.1 , g =3,2 x l O " 3 , aad « 0 , 

e (s) = - ( E
g g + EDP>  

p /, 4 \ 4 » 
( 1 + i o ) 8 T + fc 

e (s) « (-30) ( E g g + E p p ) 

P 4 .<l + l*«) ' 

/ •:. ' -4 t 
- e p ( t ) * 30 ( E g g + E p p ) (1 - e 3 4 *) , 

- e n (t) ST 30 ( E + IL ) 4__ t 

The li n e a r sweep i s terminated when 

- e = E - (7 + Vy, + E ) 
P cc o c' t / 

where v i s the i n i t i a l voltage step, i s the bottoming poten

t i a l of the tube, and E the cathode potential with respect to 
c 

ground at the time of bottoming, 
« 4 E - ( V + V. + E ) 

Therefore t = ~ T c c

f f

 p — . 
3 0 E gg + 

But V = E p + E p p 

and 
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Epp, V^, and E c w i l l change with v a r i a t i o n i n tube parameters, 

Therefore 

/AE„ r t + AV. + AE, AE, 

cc 

Let the tube parameters vary + 30$ 

With. 

A E D D A V 
EDD E 

c 
= 0.3 . 

E„^ = 3 v o l t s . DD 5 
Ep = 48 v o l t s , 

VV = 2 v o l t s , E = 138 f o r a d i v i s i o n r a t i o of 10, b . SS 

E = 2 5 v o l t s , E = 263 v o l t s , c ' cc y 

~ | = 0.048 = 4.1 

Therefore i t may be concluded t h a t the sweep time o f the phan

t a s t r o n may change + 4.8J6 wi t h a v a r i a t i o n of the tube para

meters of + 30?6. This i s acceptable f o r proper o p e r a t i o n of 

the phantastron. 

Phase S e n s i t i v e Detector and Motor D r i v i n g Stage 

The output o f the monostable m u l t i v i b r a t o r i s a square 

wave of 30 v o l t s peak to peak. I t i s f e d i n t o a cathode f o l l o w e r 

and used as a ref e r e n c e wave f o r m . ( F i g . 8) When t h e r e f e r e n c e 

wave form i s p o s i t i v e , the cathodes of t h e d i f f e r e n t i a l a m p l i f i e r 

are r a i s e d and the tubes are cut o f f . During the negative p a r t 

of the r e f e r e n c e wave form the cathode f o l l o w e r does not conduct 

and the d i f f e r e n t i a l a m p l i f i e r f u n c t i o n s as an amplitude d i s 

c r i m i n a t i n g c i r c u i t . One g r i d i s grounded, the other g r i d i s 

s u p p l i e d by the output o f the r e s o l v e r r o t o r , the vo l t a g e of which 
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F i g u r e 8. Phase S e n s i t i v e R e c t i f i e r and Motor D r i v i n g Stage 
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i s approximately 1 s i n (u> t + 0 . ) v o l t s ; u i s the c a r r i e r 
C X c 

frequency (2u) (1000) rad/sec. The common cathode r e s i s t o r 

p rovides almost balanced p u s h - p u l l grid-cathode v o l t a g e s . 

The phase e r r o r i s then p r o p o r t i o n a l to the DC v o l t a g e 

d i f f e r e n c e between t h e p l a t e s . The time constant of the p l a t e 

c i r c u i t i s chosen as a compromise between adequate f i l t e r i n g the 

1000 cps harmonics and small l a g i n the DC v o l t a g e f o l l o w i n g 

phase changes. The 100K r e s i s t o r i s a c u r r e n t l i m i t i n g r e 

s i s t o r to pr o v i d e proper o p e r a t i o n of the chopper. The d i f f e r 

e n t i a l a m p l i f i e r should be approximately balanced. 

The DC e r r o r s i g n a l i s chopped i n t o a square wave s i g 

n a l which i s v o l t a g e a m p l i f i e d and then fed i n t o the power amp

l i f i e r which d r i v e s the motor M^. The primary of the transformer 

i s tuned approximately to the fundamental of the square wave. 

The motor w i l l t u r n u n t i l 0 ^ = 158. The synchro 

and the tachometer T are d r i v e n by and produce an e r r o r 

s i g n a l p r o p o r t i o n a l to 0 ^ and s 0 ^ o Those s i g n a l s are summed 

i n the servo a m p l i f i e r i n order to c o r r e c t f o r the e r r o r 8 i n 

the drum p o s i t i o n . 

The gear r a t i o was chosen to be 2 7 s l . I f i s 

chosen much l a r g e r the motor w i l l not be able to f o l l o w 

frequency e r r o r s . I f i s chosen much smal l e r the smoothness 

of the phase c o n t r o l w i l l s u f f e r . 

Monostable Cathode Coupled M u l t i v i b r a t o r 

Consider P i g . 10. Normally Tg i s conducting and T^ 

i s c u t o f f . A negative t r i g g e r w i l l cut o f f T„ and cause T, 
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to conduct. The p l a t e of T^ drops and keeps Tg cut o f f . The 

g r i d of T_ r i s e s with a time constant mainly dependent on R C . 
^ g 

When Tg s t a r t s to conduct r e g e n e r a t i o n r a p i d l y cuts o f f T^. The 

c i r c u i t elements are chosen to give a recovery time of l / 2 

m i l l i s e c o n d . The output i s then a square wave wit h a r e p e t i t i v e 

r a t e of 1 0 0 0 c y c l e s per second. 
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CHAPTER I V 

Experimental Determination of the D e s c r i b i n g 

F u n c t i o n Q{B\0^) 

The system t r a n s f e r f u n c t i o n can not be represented 

as a f u n c t i o n of s because i t i s n o n - l i n e a r f o r l a r g e i n puts 

and l a r g e v a r i a t i o n s i n motor speed. T h i s i s due to a m p l i f i e r 

s a t u r a t i o n and.non-linear motor c h a r a c t e r i s t i c s . The des

c r i b i n g f u n c t i o n i s the system t r a n s f e r f u n c t i o n of the form 

G ( s , 0 . ) . 

F i g . 11 shows the experimental procedure f o r measur

i n g the t r a n s f e r f u n c t i o n f o r p a r t o f the system. The i n p u t 

s i g n a l i s obtained from the synchro through the synchro 

generator Sg. The motor M runs at a frequency f g which r e 

presents the s i g n a l frequency. The output s i g n a l i s obtained 

from the synchro Sg and i s a p p l i e d to the Y p l a t e s of a C.R.O. 

The input, phase s h i f t e d through synchro Sg, i s a p p l i e d to 

the X - p l a t e s . The phase i s adjusted u n t i l an approximate 

s t r a i g h t l i n e i s produced. The s t a b i l i t y of the l i n e i n d i c a t e s 

small harmonic components, and t h i s j u s t i f i e s t a k i n g amplitude 

readings d i r e c t l y from the output s h a f t . 

In c a r r y i n g out the experiment synchro Sg must be 

set to give zero output f o r 0^ =» 0 . Otherwise the output 

s i g n a l i s no longer 100% modulated and the s t r a i g h t l i n e 

becomes an hour g l a s s type p a t t e r n . Due to the n o n - l i n e a r 

f r i c t i o n e f f e c t s , the average p o s i t i o n of 0^ d r i f t s slowly 

and the readings are best taken a t the i n s t a n c e when the 
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modulation i s 100$. 

0^ i s measured f o r a given a t v a r i o u s f r e q 

u e ncies. Because of e r r a t i c mechanical f r i c t i o n e f f e c t s , 

very low frequency readings were not taken. 0^ and A,V 

are e a s i l y c a l c u l a t e d . F i g . 11 shows the p l o t s of l o g 

-^p versus co f o r v a r i o u s 0^'s with equal to zero. 

l o g AV = l o g K0i 
~ 0 T 

l o g G(S,0, ) 

F i g . 12 shows a number of p l o t s of Gr(S,0^). The o v e r - a l l 

t r a n s f e r f u n c t i o n I Q(S,0^) i s then c a l c u l a t e d from the equation. 
1_ 

I ( S , 0 . ) = 9.30 G(S,0,. ) T 1 ( S + T l ) » 
o x x i '" 1 1 m • 

s ( s + 2 i 7 ) 

F i g . 13 shows the p l o t s of X O(S,0^) and F i g . 1 4 a shows the 

Nyquist diagrams of I Q(S,0^) provided = 0 • 

From the Nyquist diagram i t i s obvious t h a t the c l o s e d 

loop w i l l be u n s t a b l e . In order to make the system s t a b l e the 

g a i n of the system has to be decreased. We are a l s o f r e e to 

choose . 

The system can be considered reasonably l i n e a r f o r 

small 0£. From the general shape of the gain and phase 

c h a r a c t e r i s t i c of T Q(S,0^) i t can be concluded, as the ampli

f i e r s a t u r a tes with i n c r e a s i n g 0^ , t h a t we o b t a i n a l a r g e r 

phase l a g and a reduced band width. 

Let 0j<C 0..3 radians and place the c u t - o f f frequency 
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at 2 r a d / s e c In order to e s t a b l i s h a phase margin of about 

45" a t the c u t - o f f frequency choose = l/2 rad/sec. 

rt „o„ „ k, = 6.2 V o l t s 5.92 x 10" 2 V o l t s 
Because t 1000~RPM = Rad7Sec ' 

T l = b k t N l , 

N. = 27 , d = 1 , k = 1 1 1 ' s Rad 

/ 11x100 &  
D ~ ^ x5.92x27 4 

Therefore the r a t e - g e n e r a t o r s i g n a l has to be a m p l i f i e d by 

a f a c t o r of approximately 4 which i s done by a step up t r a n s 

former of l s 4 . T h i s would i n c r e a s e the g a i n of X Q(S , 0 ^ ) as 

p l o t t e d i n . P i g . 12 by the f a c t o r 

= 2 = 3 db a t c u t - o f f . 

In order to have cut o f f f o r a l l 0. < 0.3 xad a t w = 2 rad/sec 
x c 

the g a i n should be decreased by a f a c t o r N. 

20 l o g 1 0 N = 52+3, 

t h e r e f o r e N = 560 . 

This g a i n r e d u c t i o n i s accomplished by i n s e r t i n g a gear r a t i o 

of 108sl between motor and the v a r i a c and a l s o by a step-

down transformer of approximately 5s1 between the 115 v o l t 

supply and the v a r i a c . F i g . 15 shows the m o d i f i c a t i o n s . 

The c l o s e d loop t r a n s f e r f u n c t i o n i s then s t a b l e 

provided 0£ <C ^.3 r a d i a n s . F i n a l adjustment of g a i n and 
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tachometer vol t a g e i s best done ex p e r i m e n t a l l y . 

Test of the O v e r - a l l System 

The v a r i o u s u n i t s o f the c o n t r o l system were 

i n d i v i d u a l l y t e s t e d and operated s a t i s f a c t o r i l y . The loop 

was then c l o s e d . A r h e o s t a t was used to b r i n g the drum 

up to the c o r r e c t speed. Phase l o c k was achieved f o r b r i e f 

i n t e r v a l s of a few seconds but the random frequency v a r i a 

t i o n s were l a r g e r than a n t i c i p a t e d and the servomotor 14̂  

of the drum syn c h r o n i z e r was unable to f o l l o w . This servo

motor was to supply a s t a b i l i z i n g s i g n a l from the tachometer 

and a l s o a d r i v i n g s i g n a l from the synchro S^. Without 

adequate i n p u t s i g n a l s the v a r i a c movement i s not of s u f f i c i e n t 

amplitude to achieve a r e l i a b l e phase l o c k . These t e s t s i n 

d i c a t e d the need f o r a f a s t e r response and a l s o the d e s i r a 

b i l i t y of a g r e a t e r frequency c o n t r o l r e g i o n . 
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CHAPTER V. 

REVISED DESIGN 

The system requirements f o r a r e v i s e d system ares 

(1) A frequency c o n t r o l range to cover approximately - 10 cps 

(2) A phase c o n t r o l r e g i o n with d i r e c t c o n t r o l of the v a r i a c * 

To i n c r e a s e the frequency c o n t r o l r e g i o n and to 

provide f a s t e r response the block diagram P i g . 16 was pro

posed. This system employs the same components except servo 

motors and Mg have been e l i m i n a t e d . 

The l e a d networks X, and I are designed to i n t r o d u c e 
2 

a phase l e a d up to 20 rad/sec i n the t r a n s f e r f u n c t i o n . T h i s 

i n c r e a s e s the frequency c o n t r o l r e g i o n . Omission of motor M̂  

provides f a s t e r response. 

Consider F i g . 16 The outputs of the phase s e n s i t i v e 

r e c t i f i e r s are K, cos 0. + cos (2 w t +0. ) 
» 

and K, s i n 0. + s i n (2 w t + 0 .) r e s p e c t i v e l y , i | i c i 

The t r a n s f e r f u n c t i o n of the networks 1^ and Xg are of the form 

s + i 
n = - — T 

S + 1 

a T n 

T2 a n < ^ a a r e c n o s e n s 0 t h a t f o r f r e q u e n c i e s up to approx

i m a t e l y 4 rad/sec the output of X^ i s approximately of the 

form 0. + ( l - a ) and t h a t of L £ . These out-1 1 -oT 2 2 " . 

puts are fed i n t o the balanced modulator and used as an e r r o r 

s i g n a l to c o r r e c t the phase and frequency e r r o r of the drum. 

For f r e q u e n c i e s between 4 rad/sec and 20 rad/sec the output 
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of the balanced modulator w i l l be mainly determined by a term 

of the form a ) » 

T h i s means t h a t f o r low frequency changes phase and frequency 

c o n t r o l i s p r o v i d e d , f o r high frequency changes frequency 

c o n t r o l i s p r o v i d e d . 

The high frequency component (2 to t< + 0. ) i s g r e a t l y 

attenuated i n the phase s e n s i t i v e r e c t i f i e r . 

Let 

kg and k^ be c o e f f i c i e n t s of p r o p o r t i o n a l i t y r e f e r r i n g 

to motor Mg and M^ r e s p e c t i v e l y 

k g the synchro displacement i n v o l t s / r a d 

the DC g a i n of the phase s e n s i t i v e r e c t i f i e r i n 

v o l t s / r a d 

Gg the g a i n of the DC a m p l i f i e r 

Gg the g a i n of the modulators. 

F i g . 17 shows the l e a d networks Y, and Y 
1 2-

The t r a n s f e r f u n c t i o n i s of the form a 1 + S t n 

. 1 + asT 
a 

For Yj a= l / l O and = 2.,2 rad/sec and 

f o r Y 2 a= l / l O and %^ =0.5 rad/sec 
where a = r o and T = r C 

r +r 
o 

Assume the loop to be open (see Fig.16) and the 

output of the drum to be 0. The t r a n s f e r f u n c t i o n of the 

drum and motor M. i s 
4 0_ _ k 4 

~ S(S + \ ) 
T 4 

and t h a t of the a m p l i f i e r and motor M, 3 
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k 3 ( 0 i " V A " J 3 S ( S + V 0M ' 

1 
1 + 3 S(S + i - ) 

3 3 
Therefore the open loop o v e r - a l l t r a n s f e r f u n c t i o n i s 

(G G 2 G 3 k 4 k s ) (S + T n ) 

1 w « l i 3" 1 S ( 8 + i ) (S + a-i ) x - 4 • S ( S + I } 

4 a V T
3 

The Nyquist p l o t of the t r a n s f e r f u n c t i o n has the 

general shape as F i g . 14a. The constant should be chosen so 

t h a t the loop i s s t a b l e . The maximum value of the constant 

has to be determined e x p e r i m e n t a l l y . For T n = X^ the constant 

(G^ Gg QQ k g ) should be approximately 28 i n order to provide 

an overshoot of not more than 3.0 db a t the high frequency end 

of the c l o s e d loop t r a n s f e r f u n c t i o n (see Fig.18 and 19). 

F i g . 17 shows a d e t a i l e d c i r c u i t diagram of the phase 

s e n s i t i v e r e c t i f i e r s , l e a d networks, a m p l i f i e r s , and balanced 

modulators. The outputs of the phase s e n s i t i v e r e c t i f i e r s 

are t r a n s m i t t e d i n p u s h - p u l l to the balanced modulators through 

the lead networks and the a m p l i f i e r s . Due to the f a c t t h a t 

d d 0 i 

dT c o s i - ~ ~" dt s * n ^ i the t r a n s f e r f u n c t i o n Yg must have 

the form 
I = 1 - S T 2 1 + a S x 2 



to 60 cps ^ 
balanced modulator 

Figu r e 17. Phase S e n s i t i v e R e c t i f i e r , Leadnetwork, A m p l i f i e r , and Balanced Modulator 



49 

24 • w-O'S 

0 40 80 120 160 
phase margin i n degrees 
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T h i s can be achieved by c r o s s i n g over the condensers i n the 

l e a d network Yg. Therefore the output of the balanced 

modulator f o r a s i g n a l frequency between 4 rad/sec and 20 
1- d ^ i 

rad/sec w i l l be of the form ( g 8 , fl-fc ') * 

The amplitude of t h i s term drops with i n c r e a s i n g frequency. 

At 10 cps there i s s t i l l s u f f i c i e n t output to move the v a r i a c . 

Consider F i g . 20. The output of the balanced mod

u l a t o r i s fed by p u s h - p u l l i n t o a 60 cps modulator, the out

put of which i s added to the synchro s i g n a l at the g r i d of 

the p u s h - p u l l power a m p l i f i e r . The output of the power 

a m p l i f i e r i s the e r r o r s i g n a l which d r i v e s the v a r i a c motor Mg. 
For the motor M there are two d i s t i n c t modes of o 

o p e r a t i o n . For Mode I the phase angle 0^ i s small so t h a t 

s i n 0£ = 0^ and Mg operates as a phase d e t e c t o r . I t s s h a f t 

r o t a t i o n i n d i c a t e s the phase e r r o r and the v a r i a c movement i s 

d i r e c t l y p r o p o r t i o n a l to the phase e r r o r . The l e a d network 

Y^ i s used to s t a b i l i z e t h i s mode of o p e r a t i o n . 

For Mode II there i s a frequency e r r o r . The l e a d 

network Y^ has no longer any a p p r e c i a b l e phase l e a d . However 

Yg f u n c t i o n s as a l e a d network a t higher f r e q u e n c i e s . The DC 

output of the balanced modulator I i s p r o p o r t i o n a l to ^ i . 
dt 

The servo Mg f i l t e r s out the f l u c t u a t i n g term due to 

changing phase. The s h a f t r o t a t i o n i s t h e r e f o r e p r o p o r t i o n a l 

to the frequency e r r o r . t....... 

This r e v i s e d system meets a l l the above requirements. 

The automatic mode sw i t c h i n g f e a t u r e i n h e r e n t i n the system 



F i g u r e 20. 60cps Balanced Modulator,Power A m p l i f i e r , a n d Bias S e t t i n g of Drum Driv e Motor 
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g i v e s an extended frequency c o n t r o l range and a s t a b l e phase 

c o n t r o l r e g i o n . The s i g n a l s are a p p l i e d d i r e c t l y to the 

v a r i a c d r i v e motor which improves the response. Time d i d 

not permit t e s t i n g the r e v i s e d system. 
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CHAPTER VI  

The P r e c i s i o n Power Supply- 

I n t r o d u c t i o n 

To s a t i s f y the power supply requirements of the 

computer three separate u n i t s have been c o n s t r u c t e d . These 

c o n s i s t of the f o l l o w i n g . 

Power Supply #1. This i s a p r e c i s i o n - 300 v o l t s 

DC 450 mA u n i t with a v o l t a g e r e g u l a t i n g tube f o r short term 

s t a b i l i t y and a mercury c e l l f o r long term s t a b i l i t y . This 

u n i t i s to supply a l l the p r e c i s i o n computing c i r c u i t s . 

Power Supply # 1 1 . This i s s i m i l a r to u n i t #1 with 

the exception t h a t the mercury c e l l i s not r e q u i r e d . T h i s 

u n i t i s to supply a l l the pu l s e c i r c u i t r y of the computer 

c o n s i s t i n g of m u l t i v i b r a t o r s , gates, d i v i d e r s , e t c . 

Power Supply # 1 1 1 . T h i s u n i t i s the same as # 1 1 

but s u p p l i e s only + 300 v o l t s DC and i s used to supply the 

power f o r the output stages of a l l s e r v o a m p l i f i e r s . 

Since the power s u p p l i e s are n e a r l y i d e n t i c a l only 

u n i t #1 w i l l be d e s c r i b e d here. 

The power s u p p l i e s were developed by modifying ex

i s t i n g designs. (See r e f e r e n c e 4, 5 and 8 ) . 

GENERAL DESCRIPTION 

F i g . 21, 23, 24 and 25 show the two loops (a) and 

(b) t h a t achieve the d e s i r e d performance. With the^modu

l a t o r comparison c i r c u i t s h o r t - c i r c u i t e d , loop (a) g i v e s 

approximately - 300 v o l t s . With the loop (b) i n o p e r a t i o n 

the sampling c i r c u i t i s adjusted to give p r e c i s e l y - 300 
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v o l t s output. 

Consider f i r s t the - 300 v o l t supply (Fig.21 and 

23). The reference element (mercury c e l l ) w i l l d e t e c t any 
i 

e r r o r due to d r i f t of the -300 v o l t s . T h i s d r i f t v o l t a g e 

i s f e d into the modulator comparison c i r c u i t which c o n s i s t s 

of a 60 c y c l e DC-AC chopper, an AC a m p l i f i e r and a DC f i l t e r . 

Any d e v i a t i o n i n output as seen at the cont a c t s of the chopper 

produces an AC s i g n a l r e p r e s e n t i n g the e r r o r i n magnitude and 

phase. This e r r o r w i l l f i n a l l y c o r r e c t loop (a) . Loop (b) 

c o r r e c t s only f o r r e l a t i v e l y slow changes while loop (a) 

c o r r e c t s f o r s e v e r a l thousand c y c l e s per second, due to a V.R. 

tube as re f e r e n c e element. The output c a p a c i t o r of the power 

supply reduces the impedance a t high f r e q u e n c i e s . 

I t i s now p o s s i b l e t o r e g u l a t e the +300 v o l t s u sing 

the r e g u l a t e d -300 v o l t s and ground as f i x e d r e f e r e n c e poten

t i a l s . Loop (a) between ground and +300 v o l t s i s c o r r e c t i n g 

a g a i n f o r high frequency changes. The e r r o r v o l t a g e i s now 

obtained by comparing ground p o t e n t i a l with a v i r t u a l ground 

on a v o l t a g e d i v i d e r network between the +300 and the -300 

v o l t s . ( F i g , 24 and 25). 

F i g . 21 shows the power supply between ground and 

-300 v o l t s , F i g . 22 the DC comparison c i r c u i t and a m p l i f i e r , 

and F i g . 23 the modulator comparison c i r c u i t . At f i r s t the 

s e c t i o n between -300 v o l t s and ground should be c a l i b r a t e d . 

F i g . 24 shows the s e c t i o n of the power supply 

between ground and +300 v o l t s , and F i g . 25, the modulator 
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Figure 22. DC Comparison C i r c u i t and 
A m p l i f i e r , George A. P h i l b r i c k , M o d e l K2-R 



F i g u r e 23«, Modulator Comparison C i r c u i t 0 1 
oo 
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Figure 24. P r e c i s i o n Power Supply between +300 V DC and Ground, 450 mA 



F i g u r e 25. Modulator Comparison C i r c u i t o 
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comparison c i r c u i t . The s e c t i o n between ground and +300 
v o l t s should be c a l i b r a t e d a f t e r the s e c t i o n between -300 
v o l t s and ground has been c a l i b r a t e d . 

C a l i b r a t i o n Procedure 

1. Open switch S l . 
2. Adjust potentiometer P i so tha t the output 

i s - 300 v o l t s DC. 
3. Close S l . 
4. Adjust P2 so that output i s again -300 v o l t s DC. 
5. Adjust P3 so t h a t output i s +300 v o l t s DC. 

o 
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DC-AC Chopper 

M x - T 

N, 

Type 344, C o i l 6 v o l t s , manufactured by 

Stevens and A r n o l d , South Boston, Mass.* 

MOTOR GENERATOR SET 880100 

6.5 Watt, Manufactured by Sangamo 115V per 

phase, 60 c y c l e s , 3350 RPM tachometer of 

f i x e d frequency type w i t h output of 6.5 

volts/1000 RPM. 

Type FP-25-3. Low i n e r t i a servo motor, 

D i e h l Manufacturing Company, 20 v o l t s per 

phase, speed 3200 RPM. Current per phase 

0.50 amps, 60 c y c l e s . 

Type M623. Brown Balancing Motor, Minnea

pol i s - H o n e y w e l l , gear reduced two phase, low 

i n e r t i a 115 v o l t s , 13.5 watts, 27 RPM 60 c y c l e s . 

Gear r e d u c t i o n 27:1. 

N, 

Output 
Transformer 

Resolver 

Magnetic 
Storage 
Drum 

6661 1 r e d u c t i o n . 

Included i n Ng approximately 3 2 : 1 . ( O r i g i n a l 
d e s i g n ) . . 

For 60 c y c l e s , a d j u s t a b l e l o a d s . 

Type FJE-43-9, Manufactured by D i e h l , designed 

f o r 400 c y c l e s at 115 v o l t s . 

Magnetic Storage Drum, manufactured by 
Libraseope, S e r i a l No. 1, Model No. 179-3. Motor 
data: 115 v o l t s , 60 c y c l e s , 10,000 RPM 
1/10 H.P. 
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S l a n d S2 Type 403-02. Synchro r e c e i v e r and 

synchro t r a n s m i t t e r . Manufactured by 

Kollman f o r 60 c y c l e s o p e r a t i o n . 

Accurate to w i t h i n .75 degrees. 

Tuning Fork General Radio Corporation, type 723, 

vacuum-tube f o r k 1000 c y c l e s - o.o5%. 

Variac Type 200B, General Radio Company, Bain-

bridge, Mass., U. S. A. 


