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<p: Intensity of radiation 

r: Linear distance from radiator to 
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c: Velocity of propogation 
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Abstract 

A computer may be defined as a device that performs 

mathematical operations on input data to yield results 

which may otherwise be obtained by more laborious and 

time-consuming methods. Analogue computers represent a 

general method of using one physical system as a model 

for another system, more difficult to construct or 

measure, that obeys equations of the same form. An 

analogue computer is one which deals with continuously 

variable physical magnitude; a simple example is the use 

of an electrolytic trough to plot lines of current flow 

between immersed electrodes, which are analogous to the 

lines of electric intensity between similar electrodes in 

free space. This paper deals with the analogy between the 

distant field of a radiating linear antenna, and the 

frequency spectrum of a voltage pulse. The mathematical 

analogy is first developed, from which the specifications 

on the pulse are obtained. The major part of the paper 

deals with the design of electronic circuits to produce 

the desired pulse. Its frequency spectrum has been 

examined, and photographs obtained to illustrate the 

computer representation of the field intensity from certain 

types of microwave horn radiators. 
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Summarv 

The experimental solution of some problems in 

physics is laborious and time-consuming. Analogue 

computers represent a- general method of using one 

physical system as a model for another system, more 

diificult GO construct ur measure, that obeys equations 

of tne same xorm. Tnis paper deals with the analogy 

between Uie distant Held of a radiating linear antenna, 

and the frequency spectrum of a voltage pulse. The 

mathematical analogy is first developed, from which the 

specifications of the pulse are obtained. The major 

part of the paper deals with the design of electronic 

circuits to produce the desired pulse. Its frequency 

spectrum has been examined, and photographs obtained to 

illustrate the computer representation of the field 

intensity from certain types of microwave horn radiators 
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1. The Physical ana Mathematical Analysis 
joiLtnei Diffraction Field _ 

Is 1• Theoretical Introduction 

A natural consequence of the increased 

use of shorter wavelengths in radio is the application 

of the methods of physical optics to the calculation 

of intensity distribution of electromagnetic radiation 

from radiating systems. The relation from w-iich most 

optical diffraction formulae can be derived is given 

by Slater and Frank as d ) 

4> — Air \®^1«"tMm^]"^+&}'u « 
where 4> - intensity of radiation 

r = distance from radiator to point of 
observation 

c a velocity of wave propogation 

nr « angle between the normal to the radiator 
and the vector r 

Experiments have shown that this equation can be made 

to predict radio fields with good accuracy. 

It is convenient for calculations to 

imagine that the antenna aperture is a hole cut 

symmetrically about the origin of axes, in an infinite 

shield that lies in the (x,y) plane; the surface of 

integration must be completed by an infinite hemisphere, 

also a shield, which has its base on the (x,y) plane 

and encloses the point of observation PCx'jy^z1). 
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The equation which corresponds to t.,e derivation 

from equation (1) by Slater and Frank is ^ 

The integration is over the aperture 

only, as the sole contributor to the field. Two 

further approximations are generally made, which are 

justified by experimental results: 

(11) (nr) is a small angle (less than 35 or 40 degrees) 

so that (1 + cos nr) is almost constant and may be 

taken from under the integration sign. 

Then equation (2) becomes 

2 A &§>f*fl^0+<»^eF*]-^ e ' ^ « (3) 

The field across the mouth of an electromagnetic horn 

can be written in the form f(x,y) « F(x)F(y), so that 

the integral containing f (x,y) in equation (3) may be 

broken into the product of two integrals: 

« s ^ H e ' t l&'ikl1? e*ty* (4) 

VThen the point ( x ^ y ^ z 1 ) i s at a distance 

from the aperture great compared to aperture width and 

wavelength, r becomes a constant R with respect to the 
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amplitude contributions from each aperture element. 

However, the phase contribution from each element of 

aperture must be taken into consideration. Usually 

only variations in the distant field with changes in 

xT (or y1) are observed. If only variations with x! 

are observed, the integral containing F(y) in (4) 

becomes a constant Y. Let the aperture lie in the (x,y) 

plane as in Fig. 1, with the aperture centre at the 

origin of axes (x,y,z). 

&*i) 

y* 

Ii£Ua 

R=(t£+*-2R.*:*m6)~ '•'. /?* » * * 

\R--R.-zst«*+0(*jg1*) 

= & - r stvie 

Then equation (4) may be written 
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*(*}*•)« (/•csHe^yffi / / » e j * * ~ " i * 

1: 2. The Fourier Integral Representation 
of the Distant Field. 

The function F(x) which represents the 

x-distribution of intensity in the aperture of a linear 

radiator is of that class that can be represented by a 

Fourier Integral: 

eO 

- o O 

or in i t s equivalent exponential form 

- • O 

(1) 

If the bracketed integral of (7) is defined by G(K), 

then there appears a pair of integrals which transform 

G(y) into F(x) and F(x) into G(JT): 

&M*f FMe*""* (8) 
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F(*)= JG-Me^dr (3) 

Compare (8) and (9) with (5). The limits of 

integration of (5) could be from-** to «* without 

altering its value, as the sole contributor to the 

field is the aperture of width "a". If "IT" is 

defined to be- -&*£. ^ t h e n G(y) i s ^ integral that 

gives the variable part of the distant field from a 

linear radiator. From (9), if the distant field is 

^nown, the aperture distribution can be found. 

1: 3. The courier Integral Representation 
of an Electrical Pulse. _ _ 

A pulse of voltage which exists only for 

a time T, and is zero at all other times can also be 

represented by a Fourier Integral: 

pa-J} Fwer"""*" 
— CO 

-flfFwe'^eT** CO 
If the bracketed integral of (11) is defined by G(f), 

then there appears a pair of integrals which transform 

G(f) into F(t) and F(t) into G(f): 

W) • //we""** <"> 
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-•© 

Equation (11) implies that corresponding to the time 

representation of the pulse, F(t), there exists a 

frequency spectrum G(f) which can be found by performing 

the integration; or if th^ frequency spectrum G(f) is 

given, the time representation can be found from (12). 

1*4• Pulse Analogue of the Distant Field 

Because equations (8) and (11), (9) and (12) 

correspond in form it is possible to calculate the 

distant pattern G(y) of an antenna from its aperture 

distribution F(x) by setting up a pulse analogue F(t) 

and investigating its frequency spectrum G(f). A 

convenient and direct representation of the result would 

be to display the frequency spectrum of the pulse on a 

cathode ray tube. 

In order to establish the correspondence 

between the variables in the two cases, compare the 

distant field of an aperture MaJI wide in which the field 

distribution is F(x)e*5wt, (x)̂ -f-, with the frequency 

spectrum of a pulse whose voltage is given by 

\2rrf.t x 

Then 

^ 27r*Z$& 

-f 

file:///2rrf.t
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and 

?2 

Equa t ion (13) i s ob ta ined i ron ( 8 ; , and (14) froi;: ( 1 1 ) . 

Now l e t F(x) . A and s u b s t i t u t e in (13) : 

-F* e"*****- (,3a) 

Let F ( t ) s B and s u b s t i t u t e i n (14) : 

T/z 
G(f.-f)=Bj e d* 

At corresponding points in the two patterns, relative 

amplitudes are the same: 

JT3&2&- " wTtor-t) 

• ajm* =T(f.-f) (15) 
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From equations (13) and (14), the analogue 

0f (&£-) i s (£_f), a^ o f .,x„ i s ntu# I f t h e f o p m Q f 

G(£,-f) is to be the same as that of G ( - - ^ - ) , the form 

of F(t) must be the same as that of F(x) . Equation (15) 

establishes the correspondence between the variables of 

the two systems, 

2. D.eslgiL.considerations 

2: 1. Phase Relations in a Horn Aperture 

Experiment has shown(5) that an electromagnetic 

horn may be treated as an aperture illuminated by a point 

source at the apex of the horn. Fig, 2 is a pictorial 

representation of a cross-section of a horn. 

The wavefront advancing down the horn is not 

plane, so there will be variations in phase across the 

horn. The amount of phase change a distance nx!l from the 



- 9 -

cen t r e of the mouth of the horn v/ i l l depend on the 

curva ture of the wavefront, t h a t i s on the length i 

in rig-. 2: 

- _*? _ J&L + 3zr* 
Zl 8£3 4*1* 

The physical dimensions of horns which are 

most often used show that less than 1.3% error in £ is 

introduced by neglecting all terms beyond the first, so 

that to a very good approximation 

&*>=£? (it) 

I f the coordinate system i s chosen so t h a t 

the E - vec tor in the aperture i s in the y d i r ec t ion , 

then the f i e l d in the E-plane can be described by 

where "a" i s aper ture width, and S(x) i s given by (15) . 

2: 2 . Analogous Pha.se Pielations in a Voltage 
Pu l se . . 

Suppose t h a t a pulse i s obtained by ga t ing 

the output of an o s c i l l a t o r , which i s frequency modulated. 

http://Pha.se
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Such a pulse could have the form 

F(t)-ffei(2wit-"SM) 

where t h e phase change ac ross the p u l s e , k i ( t ) , 

con-esponds t o t h e phase c .ange across the a p e r t u r e , 

-22£. &(x)» For frequency modulat ion: 

2irf= Zir4,-kQ<t) {k~Z nM} 

The phase <ft of t h e o s c i l l a t i o n s i s 

:. ua = jQMdt (tf) 

How c o n s i d e r equat ion (17 ) , and l e t the phase be v 2 : 

Le t <fr*r) = ̂  = fftnO d* 

Then PM^-j- (zo) 

Therefore the function Q(t) of (19) must be of the form 

t/b to correspond to (20), and nbn has dimensions of time. 

The modulating waveform must then be linear in form for 

the phase change across the pulse to be parabolic. For 

correspondence 

27T *?_ kt 
A 21 ~Zb (ZOa) 
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2: 3, Design Criteria for Pulse Generating 
Circuits _ _ ___ _______ 

The design of the computer was approached 

with the requirements that it should simulate measure­

ments for which o---f *50 and -45*W<9^45° , and be 

capable of discriminating relative amplitude down to 1° . 

Equation (15) can be used to interpret these data in terms 

of pulse length. Since sin 45° - 0.707, the whole frequency 

range must be 

2ft-f)= 0-707*-^ (21) 

To es tabl i sh the correspondence for a 1* plot t ing accuracy 

notice tha t the change in sin Q i s leas t at the greatest 

angles, and hence: 

at45°,(£-f)^0-707xjf 

at 46*i(£-f) = 0-719*j*-

/ . f(4&-f(*Sl= 0-OI2*^ (ZZ) 

The spectrum analyzer must be capable of examining a 

frequency range 2(ii-f) of the frequency spectrum of the 

pulse, which together with the required limits of values 

of a/A limits the pulse length T to a certain time range. 

Substituting some of these values of T into equation (22) 

c-ives values of frequency bandwidth necessary in the 

analyzer receiver for the desired plotting accuracy. 
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A compromise between the two factors frequency range 

and frequency bandwidth led to a choice of 50 micro­

seconds for the pulse width T. Substituting a/x = 50 

in equation (21) then gives the maximum frequency ranga 

to be examined as 1.4 I-lc/sec. As 2(£>-f) must be a 

sufficiently small fraction of f, to permit tne range 

to be covered without amplitude modulation, f0 snould. be 

chosen as high as possible consistent with the use of 

conventional circuit components. A value for £• was 

arbitrarily set at 30 lie/sec.• 

The frequency sweep of the cathode ray tube 

presentation must simulate a plot of radiation intensity 

over a total angle oi 90* , so there should be 90 display 

pulses on the tube. A long-persistence tube will perform 

satisfactorily with a sweep recurrence frequency of 

10 cp.s.. Hence the P.R.ii of the pulses from the pulse 

generating unit was chosen as 9u0 per second. 

The two --.orns with the greatest phase change 

in present use at ̂ cGill are ones withes 100 cms., 

a m 64 cms., for which 

2JL(-s£\ * =3-27T (23a) 

and Z s 50 cms •, a - 32 cms., ior which 

Jf^-ij = h(nr (Z3b) 
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For T _ 50 psec. and £ . 30 Lb/sec, a phase change 

of 3.27T in 25 psec. means a frequency shift of 1.6 cycles 

in 750 cycles. (30 ̂ c/sec. is 750 cycles in 25 usee). 

Hence the frequency deviation is 64 ;;c/sec, Similarly 

for a phase change of 1.6w , the frequency deviation is 

32 Kc/sec. Using these values in equation (21) and 

solving for the constant "b" gives 

This value of nb,f checks if used in (21) for other 

corresponding values of "x" and "t" and "k". 

The value of uk,f in terms of the horn 

dimensions and transmitted wavelength may now be obtained: 

Therefore the frequency deviation Af is given by 

In brief then, equation (26) gives the 

frequency deviation necessary to produce/a phase change 

across the pulse corresponding to the phase change across 

the mouth of a rectangular horn, the dimensions of which 

are "a" and "£", the transmitted frequency being of wave­

length "X". 
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For convenience, the analogous equations and 

variables are summarized here in Table 1. 

Table 1 

^UQSia£SL-o£-£o.rmulae1. Analogies and Design Critergga 

£?*. 

(8) 

ft) 

(13) 

(IS) 

(n) 

• 

Radtmttng System 

• 4 0 

R*)=fG<»eiZTry*dr 

a X " 

X 

StJ/& 
A 

F*-*e*"-*"* 

SM *jf 

3-2ir(Max.PAase Shift) 

S4^4<SO 

- 4S"4r e £4S' 

Eqn. 

(i0 

(12) 

w 
(15) 

— — 

(18) 

Contpv"tor 

G(t)=j F<&ei27r'*dg 

— «0 

eft4/we' ,* /V 

Tfc-f) 

& 

&-*) 

FV-fle^*-***1 

*>'£• 

^kc/sec. (pYe^ Deviation) 

T-5^C/xsec 

£ = 30M*A*c. 

P.fl.R-'tOOe+.s. 1 
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3 • E£a£t,ic aJL^Qnsjderat i ons 
3 : 1 • ^ loc i : Diagram 

P i g . 3 i s a block 

e l ec t ron i c analogue computor. 
diagram of the complete 

0ot/4/#r 
SOMe/sec. 

^ _ 

> \\5He/s*c. 

Oscif/ator-

J~L 

P»Ue 

JLi 
£ 0 c<f.s. 

Local W 
/Dtp.*. 

Pulse 
Generate* 

Onci//o scape 

V 

. B -.(oQc*f>.<s. 

_ _JP}JL.$£ jT£*t***Tl»& JJ^T ! _ SiRFCri?W4 i/>*e*/.Yz«?#_ __ _ 

Block Diagram of Analogue Computor 
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3: 2. IMJ^eactance^^ 

The desired phase change across the pulse 

could be effected by phase modulation, or by frequency 

modulation, of the oscillator. Of the two methods the 

use of frequency modulation requires fewer and core easily 

adjusted components, with very much less amplitude 

modulation; hence the use of frequency modulation was 

chosen. 

j?ig. 4 shows the equivalent circuit of a 

typical reactance tube modulator connected across an 

oscillator tank circuit* 

< & 

— i 

i — 

R. 

< Z, £, 
c=t 

Fig,. 4 

Equivalent c i r cu i t of reactance tube modulator. 

i.M,**-ft.[TEfe]fi*i »*•[** T t̂or] 
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:.z,=j-§**j»L. 
(27) 

The above approximations are va l id for a 

pentode such as the 6AC7, where w - 2rrx 15 i g c / s e c , 

R - 82,000 ohms, C - 10"" fa rads . Equation (27) indicates 

t h a t the reactance tube effect ively puts an inductance 

L, across the o s c i l l a t o r tank c i r c u i t . The t o t a l effective 

inductance L e i s then: 

/ - L-L, LR.C. 
*~ L+L, " LG*,+-R.C, 

C U CR.C, LC 

2u>.Au) = J^St. 

&u>- d£rm == AG\, fas o>=6a,] (?f& 

Hence frequency deviat ion depends l i n e a r l y on changes in 

mutual conductance of the reactance tube for AW«W« . 

The choice of a 6AG7 as a reactance tube was 

made because i t was read i ly ava i l ab l e , and i t s charac te r ­

i s t i c s for a p l a t e supply vol tage of 300 v o l t s showed a 

mutual conductance c h a r a c t e r i s t i c curve l i n e a r over a la rge 

change in gm . I t was necessary to determine opera t ing 

condi t ions a t a p l a t e supply vol tage of 250 v o l t s . 
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This was done by p l o t t i n g changes in o s c i l l a t o r 

frequency for changes in g r id b ias of the modulator 

with d i f f e r en t f ixed values of screen gr id vol tage . 

A graph of values found sa t i s f ac to ry i s shown in Fig . 7 . 

To represent a phase change of 3.2TT across 

the mouth of a horn, the frequency deviation art, 30 l b / s e c . 

must be 54 . . c / s e c . . This means a deviation of 32 ICc/sec. 

a t t he o s c i l l a t o r frequency of 15 Hc/sec.# The actual 

c i r c u i t used to obtain the desired modulation was tha t of 

V7, F i g . 5 . Bias was obtained by means of a by-passed 

cathode r e s i s t o r , while the screen gr id decoupling 

condenser maintained tha t electrode at constant p o t e n t i a l . 

The condenser C; of F ig . 4 was merely the grid-cathode 

capac i ty of the tube # 

3: 3 . Zh^Q^SD-llnfi^^ ..and Frequency Doubler 

Trie frequency modulated o s c i l l a t o r (V8,Fig. 5) 

was cons t ruc ted to operate a t a centre frequency of 

15 Lie/sec. I t s output was passed through a broad band 

frequency doubler, V9, to supply the operating frequency 

of 30 iTc/sec.# 

A 6J5 t r i o d e was connected as a conventional 

Har t ley o s c i l l a t o r , with the reactance modulator connected 

across the tank c i r c u i t as shown. The frequency doubler 

was an ampl i f ier with a tuned c i r c u i t as i t s p l a t e load 

tuned to 30 lie/sec. A r e s i s t o r E35 across t h i s tuned 

c i r c u i t lowered the Q of the c i r c u i t and thus made i t 

broad enough to accomodate sidebands introduced by 
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frequency modulation. The band pass should be at l ea s t 

1.4 L c / s e c . (Section 2: 3 ) . Uith the values of L2, R35, 

and C24 used 

W Gr " ' Zfc.Jl) 

.\ 2 ft ~f) - ^ f = /-38Mc/sec. (2<j) 

Thus the output of the frequency doubler at 0.59 Mc/sec, 

off the cent re frequency would be 0.707 of the output at 

the cen t re frequency. Actually i t should be the same. 

This could be more nearly approached by stagger-tuning 

g r i d and p l a t e tuned c i r c u i t s , instead of having only a 

tuned c i r c u i t in the p l a t e c i r c u i t of the tube; or by 

s t agger - tun ing the ex i s t ing tuned c i r c u i t s in the p la te 

of V9 and the p l a t e of V10# The l a t t e r method was the one 

employed. 

3 : 4 . The Gating Ci rcu i t 

The requirements of the gat ing c i r c u i t were 

t h a t i t should only pass the 30 Mc/sec. o s c i l l a t i o n s , at 

const ant amplitude, for 50 jusec, at a 900 c , p . s . r a t e . A 

simple and ef fec t ive method of accomplishing t h i s was to 

b i a s a pentode beyond cut -off and apply a 50 p sec . pos i t ive 

pulse to the cont ro l g r i d a t a P.H.F. of 900 c . p . s , . The 

s igna l vol tage from the doubler stage was also fed t o the 

> r i d . An attempt was made to apply the s igna l t o the 

suppressor g r i d , but i t appeared a t the p l a t e of the tube 

even though the tube was cut off, due to the capaci ty 
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between electrodes. Even nth +^o „ 
i,ven .ion tne connections used, 

it was found necessary to place a copper shield across 

the base of the tube, to eliminate direct pick-up between 

input and output electrodes. 

A coaxial line was used between the gate tube 

and the analyzer, but in the final design of the computor 

it is suggested that all units be mounted on one chassis 

or rack for simpler interconnection. 

3 : 5* The Pulse Generating Circuit, 

The requirements on the pulse generator were 

threefold: 

(1) To produce a 50 jasec. gating pulse; 

(11) To produce a 50 psec. sawtooth waveform 
in synchronism with the gating pulse; 

(111) To operate at a P.E.F. of 900 c.p.s, 
in synchronism with the timebase sweep 
frequency of 10 c.p.s. of the spectrum 
analyzer. 

A type of phantastron(?) v/as constructed to 

perform the first two operations simultaneously. The out­

put from the plate is a negative-going linear sawtooth, 

while a positive square pulse is obtained from the screen 

grid. The circuit is quiescent until triggered, and then 

for each trigger pulse applied to the suppressor grid 

the required waveforms are produced. The diode V5a is used 

to set the plate voltage so that the suppressor grid bias 

ke^ps the plate current cut-off until a positive trigger 

pulse allows plate current to flow. The plate to grid 

coupling condenser C12 adjusts pulse width. The waveforms 
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at the various electrodes of 

Tr$ffQr Pulse to G3 

V4 are shown in F ig . 4b . 

t S3/«*WL_J 

2Lv**** 

Z&ottr* 

Fio*. 4t> 

The output from the plate of V4 was taken 

through a blocking condenser C13, potentiometer R19, 

and resistors E27 and R28 to the grid of V7 as a 

modulating voltage. The nearly square positive pulse 

from the screen grid of V4 was amplified and squared by 

the two stages V6a, V6b, and then applied as a 50 jasec. 

positive pulse to the gate tube V10. 
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The '60 c . p . s . supply voltage was amplified, 

squared, and d i f f e r e n t i a t e d to give 50 c . p . s . p ips , the 

opera t ion being performed in a pa r t of the spectrum 

analyzer c i r c u i t . The analyzer sweep c i r c u i t divided by 

6 t o opera te a t 10 c . p . s . , while the 15th harmonic of 

900 c . p . s . was se lec ted by a twin-T amplifier V2. I t was 

then amplif ied and squared in the two stages V3a, V3b, 

d i f f e r e n t i a t e d , and applied to the pulse tube V4 as a 

t r i g g e r pulse a t a P.R.F. of 900 c . p . s . . 

4 . Experimental Results 

4 : 1 . The Twin-T Amplifier 

The frequency response of the x,uned amplifier 

V2 was s tud ied by applying a continuous signal from an 

audio o s c i l l a t o r to the g r i d of VI and measuring the output 

of V2 a t d i f f e ren t f requencies . Adjustment of the var iable 

r e s i s t o r R9 in the feedback c i r c u i t allowed the response 

to be s e t to a maximum at 900 c . p . s . . F ig . 5 shows a p lo t 

of output v s . frequency for V2, indica t ing the narrow 

bandwidth of the ampl i f ier , which ensured passage of only 

t he 15th harmonic of the 60 c . p . s . synchronizing p u l s e . 

With the synchronizing pulse applied t o the 

g r i d of VI, the output of V2 was a 900 c . p . s . s ine wave, 

which had a maximum amplitude coincident with the synch­

ron iz ing pulse and f e l l off t o about 80% of t h a t value 

before the a r r i v a l of t he next synchronizing p u l s e . The 

form of t he s ine wave appeared to be s l i g h t l y d i s t o r t e d 

by t h e synchronizing p u l s e , j u s t for one c y c l e , causing i n 
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effect a slight jitter of the 900 c.p.s. waveform when 

viewed on an expanded timebase. The amplitude of the 

synchronizing pulse was reduced to a minimum consistent 

with positive 900 c.p.s. production, but the jitter, 

though reduced, persisted. Causing the feedback circuit 

to oscillate at 900 c.p.s. by itself showed no jitter, 

but of course the frequency of oscillations was not stable 

enough to remain in phase with the 60 c.p.s. supply 

frequency. 

The effect of the jitter on the cathode ray tube 

display was to give pulses varying in amplitude at an un­

even rate. The overall pattern was quite stable, however. 

Because of the pulse jitter, the analyzer would not select 

the identical frequency component of the spectrum of the 

pulse at the same position on the timebase sweep. The 

effect, being small, would not destroy the overall spectrum 

display, but would only cause the individual pulses of the 

display to vary rapidly in amplitude by a small amount. 

This is an undesirable state of affairs which it is believed 

can be corrected by a method to be discussed under 

"Conclusions". 

4: 2. The Gating Pulse .and^Modulating Pulse 

The positive pulse at the screengrid of V4 

had an amplitude of 25 volts, but was not completely square. 

The width of the pulse was set to 50 psec. by adjustment 

of the plate grid coupling condenser C12. Two stages of 



- 24 -

ampl i f i ca t ion brought the pulse out at the p l a t e of V6b 

as a 100 v o l t p o s i t i v e pulse with steep sides and a 

s l i g h t l y rounded t o p . As the g r id swing of the gate tube 

was only 24 v o l t s , the pulse from the p la te of V6b ensured 

sxiarp cut-on and cut -of f of the gate tube . A small 

r e s i s t o r was placed temporarily in the p la te c i r c u i t of 

t he ga te tube so i t s output could be observed on an 

o s c i l l o s c o p e , and the 50 microsecond pulse appearing at 

the p l a t e of V10 was a t r u e square wave, with a time lag 

in i t s edges so s l i g h t i t could not be detected on a 30 

microsecond, 2 inch timebase. 

The p l a t e of V4 produced a negative-going l inea r 

saw-tooth waveform of 50 jusec. duration and 26 vo l t s 

ampli tude. 

4 : 3 . Modulation Linear i ty 

No equipment was avai lable to accurately measure 

the s h i f t in o s c i l l a t o r frequency for a given change in 

modulator b i a s , as the t o t a l frequency sh i f t required was 

such a small percentage of the centre frequency. An 

approximate determination of l i n e a r i t y was made as follows: 

the ungated s igna l was passed to the spectrum analyzer by 

removing the b i a s and ga t ing pulse from V10, and the s h i f t 

in frequency for given changes in modulator b i a s observed 

d i r e c t l y on the analyzer cathode ray tube , with the time 

base dura t ion represen t ing 200 K c / s e c . As the modulator 

b i a s was changed, t he s igna l moved t o a new pos i t i on on the 
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time base. A graph of the results is shown in Pig. 7. 

4: 4• Circuit Stability 

The only part of the equipment sensitive to 

parts replacements is the twin-T feedback circuit 

comprised ox resistors R3, R4, R7, KB, and condensers 

C2, C5, C6 and C7. All other components have a tolerance 

of 20% without affecting proper operation. Hone of the 

tubes operate at critical positions on their characteristic 

curves, so they may be replaced without upsetting stability. 

4: 5. Displays^) 

Display 1, Fig. 9, shows a photograph of the 

pattern representing a radiating horn with a/A ratio of 15, 

and plane illumination of the aperture. For signals from 

the analyzer receiver well below saturation level, -one gain 

characteristic ox the receiver was quite linear; but near 

saturation it became veiy non-linear. Hence the amplitude 

of the central lobe with respect to the side lobes is not a 

true representation. Actual measurements of the amplitudes 

of the side lobes were made and compared with the theoretical 

values, and the comparison is very good. In Table 2 below 

"max.11 indicates the maximum numbered from the centre as 

1 2 etc., "g11 indicates the theoretical amplitude with 

respect to that of the central maximum being 1.00 and !lGn 

shows the amplitude measurement made on the photograph, in 

inches. 
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Table 2 

g 0.217 0.128 0.091 0.071 0.058 

G 2.19 1.52 1.00 J 0.74 I 0.52 

F i g . 8 shows how the analyzer receiver began 

to s a t u r a t e for la rge s ignal input , which accounts for the 

discrepancy in the r e l a t i v e amplitudes of the lobes in the 

d i s p l a y . 

The pos i t ions of the maxima and minima with 

r e spec t t o s in 0 agree with the t heo re t i ca l l y calculated 

values wi th in the e r ro rs of measurement on the photograph. 

Table 3 shows these comparisons. 

Table 3 
• T • 

l a i n . 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Measured 
s in 0 

0.06 

0.14 

0.20 

0.27 

0.34 

0.41 

0.46 

0.52 

0.60 

0.35 

Calculated 
s in © 

0.066 

0.133 

0.200 

0.267 

0.333 

0.400 

0.466 

0.533 

0.600 

0.667 

id a x . 
No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Measured 
s in © 

0 

0.09 

0.18 

0.23 

0.31 

0.36 

0.42 

0.50 

0.56 

0.52 

Calculated 
sin © 

0 

0.094 

0.155 

0.232. 

0.298 

0.355 

1 
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The tables used in calculating sin 0 for 

the positions of the maxima did not carry beyond the 

fifth maximum. 

_ .3TT 

of 1.5tr . mul t ip ly ing equation (12) by ejz 

Display 2 , F i g . 10, shows the pa t t e rn for 

aA = 15 , and a phase change across the mouth of the horn 

gives 

(12a) multiplied by j, showing a shift of 90° or -^ in 

the positions of the maxima and minima of the radiation 

pattern. The photograph shows that such is the case, as 

at sin 9 - 0 a minimum now appears, and at sin 0 = 0.06, 

etc. appear maxima* Compare the values of sin G for the 

minima and maxima in Table 4 with the values of sin 0 for 

the maxima and minima respectively in Table 3. 

Table 4 

Min. No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 
_ .. 

Measured 
sin 9 

0 

0.13 

0.21 

0.27 

0.32 

0.40 

0.45 

0.51 

0.58 

0.63 

Max. No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Measured 
sin 9 

0.06 

0.15 

0.23 

0.29 

0.35 

0.41 

0.48 

0.53 

0.60 

0.67 
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The dissymmetry in the display pattern is the 

result of several factors, the main one being the tuning 

of tank circuits in both the pulse generating unit and the 

spectrum analyzer. The experimental layout was not 

conducive to rapid and accurawe alignement. 

Display 3, Fig. 11, shows the pattern for a/A-

12, plane illumination of the aperture. Table 5 gives the 

measured and calculated values of sin 0 for the positions 

of the minima and maxima, again indicating good corres­

pondence. Amplitude dissymmetry is again quite evident. 

Table 5 

l l i n . 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

I.ieasured 
s i n 9 

0 .08 

0.16 

0 .24 

0 .34 

0 .43 

0.52 

0.56 

0 .65 

C a l c u l a t e d 
s i n 9 

0.083 

0.166 

0.250 

0.333 

0.417 

0.500 

0.582 

0.667 

I.iax . 
No. 

1 

2 

3 

4 

5 

6 

7 

lie asured 
s i n 9 

0.12 

0.20 

0 .28 

0.36 

0 .45 

0.54 

0 .60 

C a l c u l a t e d 
s i n 9 

0.118 

0.205 

0.288 

0.372 

0.455 

Display 4, Fig. 12, i s the pat tern for aAs 3 , 

plane i l lumination of the aper ture . Table 6 gives the 

values of s in 0 for the f i r s t two minima, and for the f i r s t 

secondary maximum. 
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Liin. 
No. 

1 

2 

Measured 
s i n 9 

0 .36 

0 .56 

Table 

C a l c u l a t e d 
s i n 9 

0 .333 

0.557 

6 

Max. 
No. 

1 

Measured 
s i n 0 

0.52 

C a l c u l a t e d 
s i n 0 

0 .47 

The uneven portrayal of the patterns with 

respect to the two side lobes of the centre of the pattern 

is due mainly to the non-linear frequency sweep of the 

oscillator of the spectrum analyzer. Display 4, Fig. 13, 

is a photograph of frequencyroarkers on the timebase at 

intervals of 100 kilocycles per second. It can be seen 

that the right hand end of the sweep is expanded more; 

this effect is most apparent in the display of Fig. 12. 

The left half of the sweep is fairly linear, and all the 

measurements of sin 0 values for all patterns shown were 

made on that side of the central lobe* 

5. Conclusions and Recommendations 

The frequency modulated pulse unit as a whole 

operated satisfactorily except for some synchronization 

difficulties. Initially a multivibrator operating at 

900 c.p.s. was used as the master control, where it 

performed the operations of triggering whe pulse-producing 

tube V4 as well as synchronizing the analyzer time base 

sweep generator. The latter was done by dividing the 900 

c.p.s. frequency down to 50 c.p.s. and using that as a 
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synchronizing pulse; however, as it did not remain in 

phase with the 50 c.p.s. supply, interference from the 

latter caused instability. IT, IS suspected that this 

interference was the result of poorly regulated power 

supplies, and insufficient or no shielding of leads. 

T:;ith the computor built as one complete unit, with a 

common well-regulated power supply, where is no apparent 

reason why the system would not be entirely satisfactory. 

That the jitter in the gating pulse was 

responsible for the instability of the display was shown 

as follows: the 60 c.p.s. synchronizing pulse was removed 

from VI, and the output of an audio oscillator was injected 

at the grid, of V3b. Its frequency was adjusted to 240 c.p.s., 

giving a gate pulse at a P.RJ • of 240 c.p.s.. The re­

sulting display pulses were 24 in number instead oi 90, with 

tne expected separation between them. If the audio 

oscillator frequency could be held at exactly 240 c.p.s., 

the display pulses remained stationary in amplituae and 

position, and examination of the gating pulse on the 

expanded time base of an auxiliary oscilloscope indicated 

no jitter whatever. As the frequency drifted off 240 c.p.s., 

the display pulses moved along the timebase, and their 

amplitude varied as the envelope of the frequency spectrum 

of the gating pulse. Hence if the gating pulse, though 

occurring at a constant 900 c.p.s., should jitter, the 

part of its spectrum displayed at a given position on the 



- 31 -

time base would vary as the pulse jitter, resulting in 

amplitude changes on the display. 

The section of the circuit comprised of VI, 

V2, and V3 should be regarded as a substitute for some­

thing better, to be replaced by a master-control circuit 

such as the 900 c.p.s. multivibrator already mentioned 

when circumstances warrant the change. The advantages of 

such a master-control include the possibilities of 

operating the equipment from a direct current source, or 

from supplies of frequencies other than 60 c.p.s. such as 

the 25 c.p.s. supply in parts of Ontario and the 50 c.p.s. 

supply in Great Britain. 

Another consideration to be kept in view is 

that the computor may be required to give the analogue 

of antennae with amplitude distributions other than 

constant, and phase changes across the antennae apertures 

other than parabolic. Gating pulses and modulating pulses 

to suit the special conditions in question would have to 

be developed. 
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Table 7 

Components parts list 

TJ2ufL 

CI 

C2 

C3 

C4 

C5 

CG 

C7 

C8 

C9 

CIO 

C l l 

C12 

C13 

C14 

C15 

C16 

C17 

C18 

C19 

C20 

C21 

C22 

C23 

C24 

Condenser: 

Condenser: 

Condenser: 

Condenser: 

Condenser: 

Condenser: 

Condenser: 

Condenser: 

Condenser: 

Condenser: 

Condenser: 

Condenser: 

Condenser: 

Condenser: 

Condenser: 

Condenser: 

Condenser: 

Condenser: 

Condenser: 

Condenser': 

Condenser: 

Condenser: 

Condenser 

Condenser 

•pr-i _-„-t—,—— 

: mica: 

i mica: 

i paper : 

paper : 

mica: 

mica: 

mica: 

paper : 

mica: 

mica: 

: mica: 

TI01I 

10 M^ 

300/*/*/ 

0 . 0 1 / * / 

0 . 0 1 / * / 

0 .001/* / 

o.ooi/*/ 

0.002/*/ 

0 .05 /* / 

0 . 0 0 1 / / / 

10/$*/ 

250/**/ 

v a r i a b l e : 100-

paper : 

: paper : 

: pape r : 

; paper : 

; paper : 

; paper : 

j mica: 

0 . 0 1 / * / 

0 .005/* / 

0 . 0 1 / * / 

0 . 0 ] / * / 

0.0]yU/ 

0 . 0 1 / * / 

50/*/</ 

* 3 ; j 

ts;; 

is:; 

150/5^ 

: v a r i a b l e : 3-30/$*/ 

: mica: 100/*/*/ 

5 v i e a: 50 /^* / 

s pape r : 0 . 0 1 / * * 

: v a r i a b l e : 3 - 3 0 / ^ / 



Trn-

C25 

,•"1 O ,-"• 

C27 

C23 

C29 

LI 

L2 

L3 

"Rl XI 

R3 

R4 

R5 

R6 

R7 

E8 

H9 

RIO 

R l l 

R12 

R13 

R14 

R15 

R16 

R17 

R18 

Condenser 

Condenser 

Condenser 

Condenser 

Condenser 

C o i l : 4 . 2 / * / 

C o i l : 2 .5 /*^ 
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5able_7 (cont 'd) 

^SoCPJPTioii 

- i c a : 25/*/*/ 

paper: 0.01/t / 

mica: 50/$/*/ 

paper: 0.00]/*/ 

v a r i a b l e : 5-50/^ / 

Resistor 

Resistor 

Resistor 

Resistor 

Resistor 

Resistor 

P 

C o i l : 2 .5/*^ 

470,000 ohms, -| wa t t . 

10,000 ohms, 2 wa t t . 

1,000,000 ohms, h watt 

.w^wu.www*- 1,000,000 ohms, J watt 

R e s i s t o r : 470,000 ohms, \ wa t t . 

"^----+-•«• 100,000 ohms, 1 wa t t . 

Resistor 

Resistor 

Resistor 

Resistor 

Resistor 

Resistor 

Resistor 

Resistor 

Resistor 

««0/^ 

t3% 

±5fr 180,000 ohms, h w a t t . 

180,000 ohms, h w a t t . ±3% l e s i s t o r 

Po ten t iomete r : 500,000 ohms. 

470,000 ohms, -£ w a t t . 

82,000 ohms, •§• w a t t . 

470,000 olims, ^ v /a t t . 

82,000 ohms, h w a t t . 

2,000 ohms, •§• w a t t . 

100,000 ohms, -̂  w a t t . 

100,000 ohms, -5- w a t t . 

100,000 ohms, 1 w a t t . 

1,000,000 ohms, - | wat t . 
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R19 

R20 

R21 

E22 

R23 

R24 

E25 

R26 

R27 

R28 

R29 

R30 

R31 

R32 

- > o o 

R34 

iiob 

- 0 0 7 
J.UJ / 

R38 

R39 

R40 

V I , V8 

V2, V4 

V3, V5 

V5 

V7, V9, V10 

TableJZ (cont 'd) 

IBSCKIPTIOII 

Potent iometer : 

Potent iometer : 

R e s i s t o r 

R e s i s t o r 

R e s i s t o r 

R e s i s t o r 

R e s i s t o r 

R e s i s t o r 

R e s i s t o r 

R e s i s t o r 

R e s i s t o r 

Res is tor : 

R e s i s t o r 

R e s i s t o r 

R e s i s t o r 

R e s i s t o r 

R e s i s t o r 

R e s i s t o r 

R e s i s t o r 

R e s i s t o r 

R e s i s t o r 

R e s i s t o r 

Vacuum tube 

Vacuum tube 

Vacuum tube 

Vacuum tube 

Vacuum tube 

1,000,000 ohms. 

100,000 ohms. 

100,000 ohms, £ wa t t . 

500,000 ohms, % wa t t . 

100,000 ohms, h wa t t . 

1,200 ohms, -3? wa t t . 

220,000 ohms, \ w a t t . 

10,000 ohms, 2 wa t t . 

270,000 ohms, -J? wa t t . 

22,000 ohms, -J wa t t . 

100,000 ohms, £ wa t t . 

470 ohms, \ wa t t . 

82,000 ohms, h wa t t . 

47,000 ohms, 1 wa t t . 

220,000 ohms, tr wat t . 

100,000 ohms, % wa t t . 

10,000 ohms, £ wa t t . 

390 ohms, t? wa t t . 

100,000 ohms, 5 wa t t . 

3,300 ohms, 2 wa t t . 

1,000,000 ohms, £ wa t t . 

39,000 ohms, 2 wa t t . 

6J5 

6SJ7 

6SN7 

6H6 

6AC7 
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Appendix 

Alia^r'^n^P^pgcedL^^ 

(1) Connect an audio oscillator to ^ a -A -
•LXd-x,or to one grid of VI in 

place of the 50 c --> <= <-~w„ • . 
u c . p . s . s.ncnronizmg pulse . Adjust i t s 

frequency to 900 c n Q '-M-M, .,.. 
i j c . p . s . . ..iuh an oscilloscope whose t i r e 

base i s locked to 60 c . p . s . and has 60 sweeps per second, 

observe the output of V2 at the gr id of V3a. Adjust the 

po ten t iometer R9 for maximum response, which should also 

gave 15 s t a t i o n a r y cycles on the t r , e base. Disconnect 

the o s c i l l a t o r and reconnect the synchronizing pulse lead 

t o t he g r i d of VI. A f iner adjustment of R9 wi l l improve 

the r e g u l a r i t y of the 900 c . p . s . sine wave observed on the 

o s c i l l o s c o p e . 

(2) Connect the osci l loscope to the p la te of V5b, which 

w i l l give an observation of the gating pulse . Bring the 

cathode of Voa from ground po ten t i a l by means of the 

po ten t iometer 220. As the p la te of V4 r i s e s in vol tage, 

spur ious pu lses v/ i l l appear f i r s t , then 15 s table pulses , 

then suddenly a grewt many more than 15 pu l ses . Leave 

320 s e t j u s t below the l a s t mentioned condit ion, so tha t 

t h e r e are 15 s t a b l e pulses on the time base . Switch the 

o sc i l l o scope time base sweep to a known duration in the 

neighbourhood of 100 j u s e c . Observe the gate pu l se , ^nd 

ad jus t C12 u n t i l the width of the pulse i s 50 p s e c . . 

(3) Turn the c e n t r e - t a p of KL9 to ground. Connect an 

o s c i l l a t o r to t he g r i d of V10, tuned t o 30 - c / s e c . 
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Adjust t he p r e s e t condenser C29 to ~ive n m • 
u ^ l v e a maximum si~nal 

on t he spectrum analyzer o s c i i i n ^ 
oscilloscope t r ace . :..0Ve the 

o s c i l l a t o r output t o the g , i d o f V 9 m d ^ ^ ^ . ^ 

C24. By a l t e r n a t e l y adjusting C24 and C29 and sweeping 
the o s c i l l a t o r about 30 lie/sec qr> fh& , , ^ n 

w ° ^ 1 s o wie signal moves over 

the o sc i l l o scope t r a c e , a condition may be attained where 

the s i g n a l maintains a constant amplitude as i t moves from 

one end of the t r a c e to the other . This ne ans that the 

tuned c i r c u i t a t the p la te of V9 wi l l be tuned s l ight ly 

on one s ide of 30 L lc / sec , and the tuned c i rcu i t at the 

p l a t e of V10 s l i g h t l y on the other s ide . Remove the 

ex t e rna l o s c i l l a t o r from the gr id of V9. Adjust condenser 

C20 t o give a s igna l centered on the spectrum analyzer 

o sc i l l o scope t r a c e . 

(4) The p a t t e r n appearing on the cathode ray tube wi l l 

be a d i f f r a c t - o n pa t t e rn of a cer ta in type, depending on 

the frequency sweep representa t ion of 2 ( f 0 - f ) . As the 

cen t re t a p of potent iometer R19 i s moved away from ground 

p o t e n t i a l , the shape of the pa t tern wi l l change. By 

measuring the amplitude of the modulating waveform at 

the t a p of R19 by means of an auxi l iary osci l loscope, 

the amplitude of the waveform appearing at the g r id of V7 

can be computed by means of the r a t i o of R28 to R27. 

Consul t ing t he graph of F ig . 7 w i l l give the amount of 

frequency dev ia t i on obtained for ce r ta in vol tage changes 

a t the g r i d of the modulator V7. 
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By means of the r e l a t i on given in equation (26) 

Af=£fkc/sec. £6) 

t h e proper s e t t i n g of KL9 may be obtained to give a 

p a t t e r n represen t ing the d is tan t f i e ld from a horn 

of l eng th "£" cm., width "a" cm., t ransmit t ing a 

frequency of wavelength A . 
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iable_J 

Significant Voltages 

TUBE 

VI 

V2 

V4 

V5b 

V7 

V8 

V9 

V10 

liLî CTRODE 

P l a t e 

P l a t e 

S c r e e n g r i d 

P l a t e 

S c r e e n g r i d 

S u p p r e s s o r g r i d 

P l a t e 

P l a t e 

S c r e e n g r i d 

S u p p r e s s o r g r i d 

Ca thode 

P l a t e 

Ca thode 

P l a t e 

S c r e e n g r i d 

P l a t e 

S c r e e n g r i d 

C o n t r o l g r i d 

D.C. 
VOLTS 

110 

95 

38 

70 

40 

-24 

88 

250 

125 

0 

1.7 

250 

150 

250 

130 

250 

250 

-48 

A.C. VOLTS 

26 (peak) 900 c . p . s . 

26 (peak) 900 c . p . s . 

100 (peak) 900 c . p . s . 

15 l b / s e c . 

30 U c / s e c . 

P u l s e s of 30 Lie / sec . 
a t 900 c . p . s . 
H.^. Ampl i tude : 
9 .4 V o l t s Fw.l'.S. 

i 
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