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Abstract

A computer may be defined as a device that performs
mathematical operations on input data to yield results
walch may otherwise be obtained by more laborious and
tie~consuming methods, Anéiogue computers represent a
general method of using one physical system as a modlel
for another system, more difiicult to construct or
measure, that obeys equ:tions 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 cuirent flow
between imiersed electrodes, which are analogous to the
lines of electric intensity between similar electirodes 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

couputer representation of the field intensity from certain

~

types of microwave horn radiators,
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The experimental solution of some problems in
physics 1s laborious and time-consuming. Analogue
comnputers represent a general ethod of using one
paysical system as a model Tor anotner system, more
dizficult vo construct ur me=sure, that obeys eguations
ol tne same Iorm, Tnils paper deals with the analogy
cetween ohe distant i1ield of a radiating linear antenna,
and the frequency spectrum of a voltage pulse, The
mathematical analogy is iirst developed, frow which the
specifications oi the pulse are obtained. The umajor
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 railators.
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ihe Physical and latnematical Analiysis
Qo tne Diffraction Field

e ot ety

1: 1. Tneoretical Introduction

A natural consequence of the increased
use of shorter viavelengths in radio is the application
oi the methods of physical optics to the calculation
of intensity distribution of electromagnetic radiation
Irou radiating systems. The relation from waich wost
optical diffraction formulae can be derived is Ziven

by Slater and Frank as (1)

ot [ [l B e

where @ = intensity of radiation

r = distance from radistor to point of
observation
¢ = 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
symnetrically 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,
21so a shield, which has its base on the (x,y) plane

.nd encloses the point of observation P(x',y',z').
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L€ equatlon walch corresponds to t.e derivation

from equation (1) by Slater and Fran: is (&)
w(t~
)=4—';[ f(i / )[ / + )% C)Co:{n/a)-fv-‘i]da (2)

The integration is over the aperture
only, as the sole contributor to the field. Two
further approxinations are generally made, which are
Justificd by experimantal results:
(l)/z)))\ so that (F*J%’)‘F"V—-:J Z;I'
(11) (nr) is a small angle (less than 35 or 40 degrezs)
so that (L+cos nr) is aluost constant and may be
taken from under the integration sign.

Then equation (2) becomes

’
-

‘Pﬁ#ﬁ&?:i&(?+caﬂ*ﬁ»é?kﬁZ:%%#!E?JAfdﬂ (3)

The f£iz2ld across the wouth of an electromagnetic horm
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:

" - '%7_[,‘
Pleigiy) = (1+costor)) €' t/z—‘ﬁt l 457?'! I/:f ‘i‘?") e’ dydy )

"nen the point (x',7',z') is at a distance
frow the aperture great compared to aperture width and

wavelength, r becomes a constant R with respect to the



amplitude comtributions Irow ench aperture elencnt,
lowever, the phase contribution from each element of
aperture must be taien into consideration. Usually
only variations in the distant field with changes in

x' (or y') 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

orizin of axes (X,¥,2).

&y
R
1 Ro
a zT e -7
v
frig. L
2
R:(R:+z'—2R.xsma) o RS A

~R= R.-z sme+ O(Z322)
= R—2 simeé

Then equation (4) may be written
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1l: 2. The Fourier Integral Representation
oL an . -
0% the Distant Field,

The function F(x) vhich represents the
x-distribution of intensity in the aperture of a linear
radiator is of that class that can be represented by a

vourier Integral:
F(z)=2-,!’-r f [F(§)casv(s-x)dsdy

or in its equivalent exponential form

2 Y(%-5)
JE7 dsdy

Fz) = fTF rs)e

4

=/ " [ f Fee s | & ar

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

e appears a pair of integrals which transform

then ther
a(y) into #(x) and F(x) into G(¥):

6m-[ F5E" s

(5)

(6)

(7)

(8)



F= [Gme™ ™ ar )
Coupare (8) and (0) “ith (5). The limits of
integration of (5) could be from- e to = ~ithout
altering its value, as the sole contributor to the
field is the aperture of width "a", If "yv is
defined to be - 2. . then G(¥) is an integral that
zives the variable part of the distant field frow a
linear radiator. From (9), if the dist=ant field is

~nown, the aperture distribution can be found.

l: 3, The rourier Integral Repres:cntation
of an Flectrical 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:

jemf-¢)

Ft)= [7 F)e dgdf

= [ [ j e ] & at (10)

If the bracketed integral of (11) is defined by G(L),
then there appears a pailr of integrals which transiorm

a(£) into F(t) and F(t) imto G(£):

6= [Fare” 4 )



Fo= [ 6t e as

“quation (11) irplies that correspondins to the tine
representation of the pulse, F(t), there exists a
frequency spectrum G(f) which can be found by performing
the integration; or if the' frequency spectrum G(f) is
ziven, the tire representation can be found Iror (12).

1:4. Pulse Analogue of the Distant Field

3ecause equations (8) and (11), (9) znd (12)
correspond in form it is possible to calculate the
listant 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 apcrture "a' wide in which the field
distribution is F(x)ed", (x)¢£, with the frequency

spectrum of a pulse vwhose voltage is gilven by

rht

Ftt) e’ e <L

Then

Jerzifﬁd

’ 4

jwt o
652" [ Fwe

(12)

(13)
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and

2 (f-f)t

G{f-f)= f Fe' 4t (14)

Lguation 3) i btal Frn - e
q (10) 1s obtailned Iron (C;')), and (14) oo (ll).

Now let F(x) = A and substitute in (13):

fw a/z .”—z:
622 =Ae™ | T ux

%
=He¢i‘”“[5m(7ra-s-3"3)
=Ha ed""z' S/n(zrai:%"g)
T (13a)

Let F(t) = B and substitute in (14):

772 ' P29 (f -
G('f.-f)=5/ er * f)z-dz‘

7%

- sin[orT(£-£)
=8T ;-(A#)J (142)

At correspondiny points in tne two patterns, relative

amplitudes are tie same:

sin(ma ‘afé‘) - s/ nlmT(h-4))
b -4 -_X—-""é Irﬂfa‘ 'F)

. a2l = T(h-F) (15)
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yrom equations (L3) and (14), the analogue
of (#Z2 ) is (£, -

), and of "x" ig "M, IT the form of

G(L -f) is to be the same as that of G(- 222 ), the form

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

establishes the correspondence between the variables of

the two systens,

-

2 Decim Considcerations
e e e

o= e e T

2: 1.

——

Phase Relations in a Horn Aperture

Experiment has shown(8) that an electromagnetic
horn mway be treated as an aperture illuminated by a point
source at the apex of the horn., FIig. 2 1s a pictorial

representation of a cross-section of a horn.

N

—— —— m—t o o—

Fige 2
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 "x" from the
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centre of the mouth of the horn will devend on the
curvature oi the wavelront, that is on the length §
in iz, 2:
P z 2
F N 4 =(1+5) =f *-215-#51
M 5:—-[4-;}[‘4-2:‘ :: {é-.-o ar r:o}

:-J!tﬂ(ﬁ+f§j%z
':-,es"f[/#-z—z;-;—&—%;-: +‘;38—§-;- ....]

=2 _ 2, 3z _
28 807 " g84%

“he physical dimensions of horns which are
rost often used show that less than 1.5% error in § is
introduced by neglecting all terts beyond the first, so

that to a very good approximation

S)= 2% (té)

If the coordinate system is chosen so that

the E - vector in the aperture is in the y direction,

tnen the rield in the i-plane can be described by

(et~ o)

Fr)-Ae ) el 2 (1)

where "a" is aperture width, and &8(x) is given by (13).

2¢ 2. Analogous Phase Relations in a Voltage

5

Pulee.

suppose that a pulse is obtained by gating

the output of an oscillator, which is frequency modulated,


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

Fee)= i3 4% (18)

where the phase chanze across the pulse, k §(t),
corresponds to the phase c..anze across the aperture,

_Eilkgcx). <or frequency modulation:
2of=2rf -k Q) :: {k: Z‘ITA'F}

The phase ¢, of the oscillations is

W= [znfdt = 2wt -k [Q@dt = 2rft —k S(2)-

L8 = [Quoat (19)

low congider equation (17), and let the phase be y,:

2 2
Wy =wt-5F §x) = wZ- 57705

x_
Let &x) =7 = fP(x)M

Then Prxl= -f— (20)

Therefore the function C(t) of (19) wust be of the form
+/b to correspond to (20), and "b" has dinensions of tiue.
The modulating waveform wust then be linear in Zorm for
the phase change across the pulse to be parabolic. For

correspondence

27 _x*_ AL
A28 254 (208)
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Pgsigp Criteria ior Pulse Generating
Circuits

The design of tne computer was ap-.oached
with the requirements that it should simulate weasure-
ments ror which o 4%450 and -45€€©<45°, and be
capable of discriminating relative amplitude down to 1°.
Bquation (15) can be used to interpret these data in terms
ol pulse length. Since sin 45° = 0,707, the vhole frequency

range must be
2(£-+)=0-707x 23 (21)

To establish the correspondence for a I’ plotting accuracy
notice that the change in sin 6 is least at the greatest

angles, and hence:

at 45°, (ﬁ‘f)= 0-70 7x;_-§——
at 4607(£-f) =0-711 x;f-

- f(46)-fa5)= 0.012x 7-% (22)

The spectrum analyzer must be capable of examining a
frequency range 2(i, -f) of the frequency spectrum of the
pulse, which together with the required lirits of values
of a/» liwits the pulse length T to a certain time range.
Substituting some of these values of T into equation (22)
gives values of frequency bandwidth necessary in the

analyzer receiver for the desired plotting accuracy.
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A compromise between the two Tactors frequency range
and frequency bandwidth led to a choice o1 50 micro-
seconds Ior the pulse width T, Substituting ah = 50
in equation (21) then gives the maximum frequeney rangd
to De examined as 1.4 Ic/sec., As 2(f -f) must be 3
sufiiciently small fraction of £, to permit tae range
to be covered without amplitude modulation, i saould be
chosen as high as possible consistent with the use of
conventional circuit components., A value zor f», was
arbitrarily set at 30 lLic/seCee

The frequency sweep ol the cathode ray tube
presentation must simulate a piot of radiation intensity
over a total angle oxr 90 , so there should be 90 display
vulses on the tube. A Long-persistence tube will periorm
satisfactoriiy with a sweep recurrence irequency of |
10 CeDeSes Hence the P.R.ix oI the pulses from the pulse
generating unit was chosen as U0 per second.,

The Two Lorns with the greatest phase change
in present use at .cGill are ones with.Z= 100 cis.,

a m 64 cus., for which
Z
2n(ay_Ll_=3. (233)
I(F)zr=32m
and £ = 50 ciis., a = 32 cms., ior which

_zxrz:(_g_)’_z{? =/-6m (23b)
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For T = 50 psec. and i, = 30 lc/sec., a phase change

of 3.27 in 25 psec, means a frequency shift of 1.6 cycles
in 750 cycles. (30 .c/sec. is 750 cyeles ia 25 psec,).
Hence the frequency deviation is 64 ~c/sec., Similarly
~or a phase cihange of 1,6m , the frequency deviation is

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

solving for the constant "b" gives

p=LT AL

> =[2-5 usec. (24)

This value of "b" checks if used in (21) for other
corresponding values of "x" and "t" and “k",

The value of ".'" in terms of the horm
dimensions and transmitted wavelength may now be obtained:

k= SE(8)(3) 4 sec= F xi0sec” (25)

Therefore the frequency deviation AL is given Dby

Af= E% = _i’--g: kc/sec. . (26)

In brief then, equation (23) gives the
frequency deviation necessary to produce’a phase change
across the pulse corresponding to the phase change across
+the mouth of a rectangular horm, the dimensions oi which
are "a' and "@", the transmitted frequency being of wave-

length "A".
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For convenience, the analoguus equations and

variables are summarized here in Table 1.

Table 1

"'::.::z;—::é

sumniary of Formulae, Analozies and Desizn Criteria

Eqn.

Radiatimg System

Eqn. Computar
2 v Ll ° —i2mr?,
@) |cn=[ree” 4 0 (6= Fere’* Cug
¥ j '° j2m Pt
(@) | Fed=[eme’™ "4y (2| Fy= [e & d*
wl 22 J2rx 5'/}16" 72 J'z/v-(£~p)t
(13) |6¢29)=¢’ [g/-‘a)e e 109 |6E-9)- 4/-‘&)6 1t
(5) a2ge (5) T(5-F)
x t
szze #-¥$)
: « [2rrfat- k&
(17) | Feer -7 ™7 F 5 (8) | Fay=wei™”
-3 t?-
Sz = &) “24

2L

3.2 (Max. Phase Shi Ft)

54% <450

LA Re/sec. (F’reg. Dewatmn)

T =50usec

~ 9572 © £45°

£ =30 Me/s¢ec.

PR.E=900cp s.
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Practical Cons

3:

electronic analorue computor,

S m— a—m. — c—

L.

- —

Fige 3

—.-—.—.——-..—..———.——--—-—-—-—-——-—

iderations

Block Diagram

1ls a block iiazram of the couplete

|
|
| o Oscifloscope
Frequency 30Mc/sec. Gate f alyzer
| 'D‘:u‘“r — Crvcust "’T‘" Recawer - v
I
!
|
u | #
l ’ oy
!
; QIS’M:/:«. ﬁq”(’m | ! A/oc'.f.s.
| |
' |
: Puise | Local 1/’{' Swe.:
' Oscif/ator Lryewre | Oseitlazor Joeps. Genorater
| |
l !
| |
I 4 y N —L—Al
| 400 <.ps. 60 cps. '
! |
S . l
| ! P::':: 60cp.s.
| Modulatev = ! Genevator
! |
' |
: |
| !
l U ' SpecTrRuM RnvaLvzer. -
Pucse Geverarine Umit_ | _ _ _SPecTRUM Fnas

Blocxz ui

Fig. 3= e

e e r-f-n'i

_,L;_:'),‘. dL

of Analogue Computor
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3: 2, The Reactance Hggg;ggor(6)

The desired phase change cocross the pulse
could be effected by phase tiodulation, or by frequency
modulation, of the osciliator. OFf the two metnods the
use of frequency modulation requires fewer and iore easily
adJusted components, with very much less amplitude

modulation; hence the use of frequency modulation was

chosen,

"—U

13+ 4 snows the eqguivalent circuit of a
typical reactance tube modulator connected across an

oscillator tani. circuit,.

(3

11}

«—Z £ B cx

squivalent circuit of reactance tube modulator.

-l . E G
ti G‘ﬂEf + % = Gom [.-R':J—-—— E + kf’ / *JwR.C.

J NC;
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—L— - -—L. . G”' — Gm
zZ, 2 + | +jeRC JwRC,

= RG
L2y = e = jwl, (27)

The above approximations are valid for a

pentode such as the 6AC7, where w = 2w X 15 lc/sec.,
R = 82,000 ohms, C a 107 farads. Equation (27) indicates
taat the reactance tube effectively puts an inductance

L, across the oscillator tank circuit. The total effect-ve

inductance Lg is then:

/=Ll _ _LRG
€T L+l T LGm+RC

vA ] G‘»L {
= = .
“Fale Tcre TIC

2w.AW = _égl"_.

CR.C,
. - 1 '_ L W= W, 28
"Aw—AG”m.TAG“ZWoCK:C {as w-w} ( )

Hence frequency deviation depends linearly on changes in
nutual conductance of the reactance tube for AWl o

The cnoice of a 6AC7 as a reactance tube was
made because it was readily availlable, and its character-
istics for a plate supply voltage of 300 volts showed a
mutual conductance characteristic curve linear over a large
change in gp. 1t was necessary to determine operating

conditions at a plate supply voltage of 250 volts,
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This was done Dby plotting chanzes in oscillator
frequency for changes in grid bias of the modulator,
with different fixed values oi screen grid voltage.
A graph of values founi satisfactory is shown in ¥is, 7.
To represcnt a phase change of 3.2 across
the mouth of a horn, the frequency deviation at 30 Ic¢/sec.
must be 94 .c/sec.., This means a deviation of 32 “e/sec.
at the oscillator frequency of 15 ilc/sec.., The actu=zl
circuit used to obtain the desired modulation was that of
V7, Fiz. 6. DBilias was obtained by ueans of a by-passed
cathode resistor, while the screen grid decoupling
condenser maintained that electrode at constant potential.
The condenser C, of Fig. 4 was merely the grid-cathode
capacity of the tube,

3: 3, The Oscillator and Freguency Doubler

The frequency modulated oscillator (V8,Fig. 3)

e

was constructed to operate at a centre frequency of
15 ‘e/sec.. Its output was passed through a broad band
frequency doubler, V9, to supply the operating frequency
of 30 i'c/S€Cee

A 68J5 triode was connected as a conventional
ilartley oscillator, vith the reactance modulator connected
across the tank circuit as shown. The frequency doubler
1as an amplifier with a tuned circuit as its plate load

tuned to 30 lic/sec.. A resistor R35 across this tuned

circuit lowered the Q of the circuit and thus made it

broad en-ugh to accomodate sidebands introduced Dy
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frequenc; i he 1 ]
quency modulation. The band pass should be at least

1.4 -c/sec. (Section 2: 3), Vith the values of L2, R35,
and Cz24 used

Q:%—Q— =21 7=—%_

26£-)
L 2(6-F)= gl = 138 Mc/sec (29)

Thus the output of the frequency doubler at 0.69 ic/sec.
off <he centre frequency would be 0.707/ of the output at
the centre frequency. Actually it should be the same,
This could be more nearly approached by stagger-tuning
grid and plate tuned circuits, instead of having only a
tuned circuit in the plate circuit of the tube; or by
stagger-tuning the existing tuned circuits in the plate
of V9 and the plate of V10, The latter method was the one
employed.
3: 4, The Gating Circuit

The requirements of the gating circuilt were
that it should only pass the 30 lic/sec. oscillations, at
constant amplitude, for 50 msec. at a 900 c.p.s. Tate, A
simple and effective method of accomplishing this was to
bias a pentode beyond cut-off and apply a 50 usec, positive
pulse to +the control grid at a P.R.F. of 900 c.p.S.. The
signal voltage from the doubler stage was also fed to the
grid. An attempt was made to apply the signal to the
suppressor grid, but it appeared at the plate of the tube

oven though the tube was cut off, due to the capacity
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between electrodes, Even with the connections used,

it was found necessary to place a Copper snield across

the base of the tube, to climinate 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 psec. gating pulse;

(11) To produce a 50 psec., savwtooth waveform
in synchronism with the gating pulses
(111) To operate at a P.R.r. 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(7) was constructed to
perform the first two operations simultaneously. The out-
sut from the plate is a negative-going linear sawtooth,
%xile 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 1s used
to set the plate voltage so that the suppressor grid bias
ke-ps the plate current cut-off until a positive trigzer

pulse allows plate current to flow. The plate to grid

coupling condenser Cl2 adjusts pulse width. The waveforms
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at ari 2 T '
the various clectirodes of V4 are saown in Fig, 4b
[ ] L J
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The output from the plate of V4 was taken

through a blocking condenser Cl3, potentiometer R19,
and resistors R27 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 usec,

positive pulse to the gate tube V1O,
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The ©0 c.p.s. supply voltage was amplified,
squared, and dirferentiated to give 60 c.p.s. pips, tae
operation being performed in a part of the spectrum
analyzer circuit. The analyzer sweep circuit divided by
© to operate at 10 c.p.s., while the l5th harmonic of
900 c.pesse. was selected by a twin-T amplifier V2. It was
then amplified and squared in the two stages V3a, V3b,
differentiated, and applied to the pulse tube V4 as a

trigger pulse at a P.heli 0f 900 CePeSee

o Experimental Results
4: 1, The Twin-T Amplifier
ihe frequency response of the tuned amplifier

V2 was studied by applying a continuous signal from an
audio oscillator to the grid of V1 and measuring the output
of V2 at different frequencies. Adjustment of the variable
resistor B9 in the feedback circuit allowed the response
o be set to a maximum at 900 C.PeSee Fig. 5 shows a plot
of output vs. frequency for V2, indicating the narrow
bandwidth of the amplifier, which ensured passage of only
the 15th harmonic of the 30 c.p.S. synchronizing pulse.

With the synchronizing pulse applied to the
grid of V1, the output of V2 was a 900 c.p.s. sine wave,
which had a maximum amplitude coincident with the synch-
ronizing pulse and fell off to about 80% of that value
e the arrival of the next synchronizing pulse. The

befor
form of the sine wave appeared to be slightly distorted

by the synchronizing pulse, Jjust for one cycle, causing 1in
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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
Trequency.
The effect of the Jjitter on the cathode ray tube
Jdisplay 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 tiuebase sweep. The
effect, being small, would not destiroy the overall spectirum
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 wnhich it is believed
can be corrected by a method to be discussed under

"Conclusions®.
4: 2, The Gating Pulse and ilodulating Pulse

The positive pulse at the screengrid of V4
had an amplitude of 25 volis, but was not completely square,

The width of the pulse was set 1o 50 psec. by adjustuent

of the plate grid coupling condenser Cl2. Two stages of
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amplification brought the pulce out at the plate of V6b

as a 100 volt positive pulse with Ssteep sides and a

slightly rounded top. As the grid swing of the gate tube

was only 24 volts, the pulse from the plate of V6b ensured
saarp cut-on and cut-off of the gate tube. A small
resistor was placed temporarily in the plate circuit of
the gate tube so its output could be observed on an
oscilloscope, and the 50 microsecond pulse appearing at
the plate of V10 was a true sguare wave, with a time lag
in its edges so slight it could not be detected on a 30
microsecond, 2 inch timebase.

The plate of V4 prcduced a negative-going linear
saw-tooth waveform of 50 psec, duration and 25 volts
arnplitude,

4: 3, HModulation Linearity

llo equipment was available to accurately measure
+the shift in oscillator frequency for a given change in
modulator bias, as the total frequency shift required was
such a small percentage of the centre frequency. An
approximatce determination of linearity was made as follows:
the unzated signal was passed 10 the spectrum analyzer by
removing the bias and gating pulse from V10, and the shift
in frequency for given changes in modulator bias obseived
directly on the analyzer cathode ray tube, with the time
base duration representing 200 Kec/sec.. As the modulator

bias was changed, the signal moved to a new position on the
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tiie base. A graph of the results is shown in Fiz, 7,

4: 4, Circuit otability

The only part of the equipment sensitive %o
rarts replacem.nts is the twin-T feedback circuit
comprised ol resistors R3, R4, R7, R2, and condensers
Cz, C5, C6 and C7. All other components have a tolerance
of 20% without affecting proper operation. ITone of the
tubes operate at critical positions on their characteristie
curves, so they may be replaced wvithout 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 plene illumination of the aperture, For signals from
the analyzer receiver well below saturation ievel, tTane gain
characteristic or the receiver was quite linear; but near
saturation it became very non-linear. Hence the amplitude
of the central lobe with respect to the side lobes is not a
true representation. Actual measurvements oI the amplitudes
of the side lobes were made and coupared with the theoretical
values, and the comparison is very good. In Table 2 Delow
" ax . indicates the maximum numbered from the centre as
1, 2, etc., "g" indicates the theoretical amplitude with

respect to that of the central maximum being 1,00 and "G"

shows the amplitude measurement made on the paotograph, in

inchese.



Lable 2
liax o 1 2 3 4 5
0.217 10.128 | 0,091 | 0.071 0,058
2,19 1:52 1,00 [0.74 |0.52

Fig. 8 shows how the analyzer receiver began

Lo saturate for large signal input, which accounts for the

discrepancy in the relative amplitudes of the lobes in the

Gisplay.

The positions of the wmaxima and wminima with

respect to sin © agree with the theoretically calculated

values within the errors of measurement on the photograph.

Table 3 shows these cowparisons.

Table S

ﬁég: Méa:gieg Calcuéiieg ﬁgﬁ: ;eagggeg Calcuéigeg
1 0,06 0,066 0 0 0
2 0.14 0.133 1 0,09 0.094
3 0.20 0.200 2 0.18 0.155
4 0.27 0.267 3 0.23 0.232
5 0.34 0,333 4 0.31 0.298
6 0.41 0,400 5 0.35 0.335
7 0.46 0.466 o 0442

8 0.52 04533 7 0450

9 0.60 0,600 8 0.56

10 Oe05 0,607 9 0,22
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The tables used in calculating sin © for
the positions of the maxima did not carry beyond the
fifth maximum,

Display 2, Fig. 10, shovs the pattern for
a/A = 15, and a phase change across the mouth of the horn
of 1.5m . lultiplying equation (12) by &'% gives
(12a) rultiplied by j, showing a shift of 90 or I in
the positions of the maxima and minita of the radiation
patt.-rn. Tae photograph shows that such is the case, as
at sin © = O a minimum now appears, =nd at sin 6 = 0.06,
etc. appear waxima, Compare the values of sin © for the
minina and waxima in Table 4 with the values of sin 6 Ior

the maxima and minima recspectively in Table 3,

Table 4
Min, No. |lieasured |Max. llo. | lMeasured
sin © sin ©
0 0 1 0.05
1 0.13 2 O.L5
2 O.21 3 0.23
3 0.27 4 0.29
4 0,32 5 0,35
5 0440 6 0.41
6 0445 7 0.48
7 0.51 8 0.53
8 0458 9 0.60
9 0453 10 0.67
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The dissymetry in the dlsplay pattern is the
result of sev.ral factors, the wain one being the tuning
of tank circuits in both the pulse generating unit and the
spectrum analyzer. The experiment:~l layout was not
conducive to rapid and accurate alignewent.,

Display 3, Fig. 11, shows the pattern for a/\ =
12, plane illumination of the aperture. Table 5 ~wives the
measured and calculated values of sin © for the positions
of the minima and maxima, again indicating gooi corres-

pondence., Amplitude dissymmetry is again quite evident.

Table 5

ilin, | Iieasured |Calculated |.iax, [!leasured |Calculated
Noe sin © sin @ | No. sin & sin @
1 0,08 0,083 | 1 0.12 0.118
2 0,16 0,166 | 2 0.20 0.205
3 0,24 0,250 | 3 0.28 0.288
4 034 0,333 | 4 0430 0,372
5 0.43 0.417 | 5 0445 0.455
6 0,52 0,500 | © 0.54

7 0,56 0.582 | 7 0.60

8 0465 0,067

Display 4, Fig. 12, is the pattern for aM= 3,
plane illumination of the aperture, Table 6 gives the

values of sin © for the first two minima, and for the first

secondary maximum,
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Table &
idne .Measgred Calculated |l7ax,. | lleasured |Calculated
Noo sin @ sin © Noe sin © sin ©
1 0436 06333 1 0492 047
2 0,06 0,587

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 frequencymarkers on the timebase at
intervals of 100 liilocycles per second. It can be seen
that the right hand end of the sweep is expanded wore;
this effect is most apparent in the display of Fig. 12,
The left half of the sweep is fairly linear, and all the
measurerents of sin © values for all patterns shown were

made on that side of the central lobe,

5. Conclusions and Recomuendations

The frecuency 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 waster control, where it
performed the operations of triggering <the pulse-producing
tube V4 as well as synchronizing the analyzer tiwme base
cweep generator. The iatter was done by dividing the 900

c.pes. frequency down to 60 c.p.s. and using that as a
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synchronizing pulse; hovever, as it J4id not rewain in
phase with the S0 c.p.s. supply, interiference ir-n the
latter caused instability. It is suspected that this
interference was the result of poorly rcgulated pover
supplies, and insufficient oxr no shielding of leads,
Wwith the computor built as one complete unit, with a
common well-regulated power supply, there is no apparent
reason why tne system would not be entirely satisfactory.
1hat the jitter in the gating pulse was
responsible for the instabiiity of the display was chown
as follows: +the 60 c.pe.s. synchronizing pulse was removed
from V1, and the output of an audio oscillator was injected
at thémgria of V3b. Its frequency was adjusted to 240 C.D.S.,
giving a gate pulse at a P.RJ . or 240 c.p.s.. The re-
sulting display pulses were 24 in number instead oI 90, with
tne expected se-aration between them. LI the audio
oscillator irequency could be held at exactly 240 c.p.s.,
Lie disniay pulses remaiuea stationary in amplituce and
position, and examination of the gating pulse on the
expanded time base of an auxiliary oscilloscope indicated
no jitter waotever. As the frequency drifted off 240 c.p.s.,
the display pulses moved along the titebase, and their
amplitude varied as the envelope of the frequency spectrum
of tine gating pulse., Hence if the gating pulse, though
occurring at a constant 200 c.p.s., should jitter, the

part of its spectrum displayed at a ziven position on the
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time base would vary as the pulse jitter, resulting in
anplitude changes on the display.

The section of the circuit comprised of V1,
V2, and V3 snould be regarded as a substitute for coue-
thing better, to be replaced by a master-control circuit
suchh 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
.rcm supplies of frequencies other than 60 c.p.s. such as
the 25 c.p.s. supply in varts 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 phnase changes across the antennae apertures
otasr Than parabolic. Gating pulses and wodulating pulses

to suit the special conditions in question would have to

be developed.
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Couiponents partis list
DL3CIIPTICH

Condens.r: iiica: 10 ppf
Condenser: wica: 300Muf 35
Condenser: paper: 0,01uf
Condenser: mnaper: 0,0luf
Condenser: wmicas 0.,001luf 25
Condenser: wica:s 0,00luf £5)
Condenser: mica: 0,0024f £5)
Condenser: pap2r: 0.05ufFf
Condenser: mica: 0,00luf
Condenser: wica:s 10t
Condenser: mica: 250usf
Condenser: variable: 100-150muf
Condensers paper: 0.,0luf
Condenser: paper: 0.005xf
Condenser: paper: 0.,0Luf
Condenser: paper: 0.0Lluf
Condenser: paper: 0,01uf
Condenser: paper: 0,0Luf
condenser: wmica: S0mut
Condenser: variables: S-30uuf
Condensers uicas 100puut
S0uuf

Fi.
(@]
)
L 1]

Condensers:

Condenser: papels o) .Ol/uﬁ

Condensers: variable: ;=-o0/5u#
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Y
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£
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R1S
R16
R17
R18

250

+5 !
=J,0
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Lable 7 (cont'a)
SLECRIPTION

Condenser: - icas 25uuf
condenser: paper: 0.0l/u»“
Condenser: micsa: S0uut
Condenser: paper: 0,001 uf
Condenser: variable: 5-50uuf
Colil: 4,2 u#
Coil:s 2.,5u;h
Coil:s 2.5/a/1
Resistor: 470,000 ohms, & watt.
Resistor: 10,000 ohms, 2 watt.
Resistor: 1,000,000 ohms, -; watt.
Qesistor: 1,000,000 ohms, -- watt,
Resistor: 470,000 ohms, -; watt.
Resistor: 100,000 ohms, 1 watt.
Resistor: 180,000 omms, -+ watt.
Resistor: 180,000 omms, 7 watt.
Potentiometer:s 500,000 ohms.
Resistor: 470,000 omms, % watt.
Resistor: 82,000 ohms, = watt.
Resistor: 470,000 ohms, * watt.
Resistor: 82,000 ohms, - watt.
Resistors: 2,000 ohms, = watts
nesistor: 100,000 ohms, 7 watt.
Resistor: 100,000 ohms, - watt.
~esigtor: 100,000 ochms, 1 watte
Resistor:s 1,000,000 onms, L watt,
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Table 7 (cont'a)

Potentioneter:

Potentioneter:

Resistors:
Resistor:
Resistor:
Resistors:
Resistor:
Resistors:
Resistors:
Resistor:
Resistor:
Resistor:
Resistor:
Resistor:
Resistors:
Resistors:
Resistors:
Resistors:
Resistors:
Resistors:
Resistor:

Nesistors

DizCrIPTIon

1,000,000 ohms.
100,000 ohms .
100,000 ohms, & watt.
500,000 ohms, % watt.,
100,000 ohms, -: watt.
1,200 ohms, + watt,
220,000 ohms, %-watt,
10,000 ohms, 2 watt.
270,000 ohms, + watt.
22,000 ohms, + watt.
100,000 ohms, - watt.
470 ohms, -+ watte
82,000 ohms, 7 watts
47,000 ohms, 1 watts
220,000 ohms, 7 watt.
100,000 ohms, % vatl.
10,000 ohms, % watt.
300 ohms, 7 watt.
100,000 ohms, = watt.
3,300 ohms, 2 watt.
1,000,000 ohms, % watt.
39,000 ohms, 2 vatt.

Vacuum tube: 6J9

Vacuum tubes

65J 7
63N/

Vacuum tube: GHO

Vacuum tube:

6ACY
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Appendix

allgiol ent Pooce edie

l L "71:1. .
(L) Connect =n aulio osclllator to the »rid of in
S+ Vol

place of tlhe 20 c.n»,s.
Do soncaronizing pulse, Adjust its

o 9
frequency to 900 c.p.s., With an osei i1lloscope whose tire

cace 1s loclied + s
d to 60 c.p.s. and has G0 sv’eeps per second,

observe the output of V2 at the grid of V3a. Adjust the

30 - S ey v - ] g " 1
potentiometer 22 Tor waxinum response, which should also
sive 15 stotionory cyeles on the tive base. Disconnect
tae oscillator and reconnect the svnel 121

5) ynenronizing pulse lead
to the grid of V1. A finer adjustment of RQ will improve
tae regularity of the 900 c.p.s. sine wave observed on the

oscilloscope,

(2) Connect the oscilloscope to the plate of V5b, waich
11l =zive an observation of the gating pulse. Bring the
cathode of V5a from ground potential by means of the
potentiometer R20., As the plate of V4 rises in voltaze,
spurious nulses will appear Tirst, then 15 stable pulses,
then suddenly a gre:t wany more than 15 pulses. Leave
220 set just below the last nentioned condition, so that
there are 15 stable pulses on the time base. Switceh the
oscilloscope time base sweep 1o 2 imown duration in the
neizhbourhood of 100 usec.. Observe the gate pulse, "nd

adjust €12 until the widih of the pulse is 50 psec..

(3) Turn the centre-tap ol R19 to ground. Connect an

oscillator to the grid of V10, tuned to 30 '"c/SeC.e
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Adjust the pr.set condenger 009 +
o (W) 9 We) :1Ve a

Warinmul sinal
on the spect e
pecirum analyzer oseillo

SCope trace, love the

oscillator output to the grid of V9 and similarl
y adjuzt

C24. By alternately adjusting 024 ang C29 and sweeping
o

the oscillator about 30 ile/sec. so the signal moves over

the oscilloscope trace, a condition may be attained where

the signal taintains a constant amplitude as it noves from

one end of the trace to the other. This te ans that the
tuned circuit at the plate of V9 will be tuned slisghtly

on one side of 30 Ic/sec., and the tuned cirecuit at the
plate of V10 slishtly on the other side, Remove the
external oscillator from the grid of V9. Adjust condenser

C20 to give a signal centered on the spectrum analyzer

oscilloscope tiace.

(4) The pattern appearing on the cathode ray tube will
be a diffract.on pattern of a certain type, depending on
the frequency sweep representation of 2(f5-f). As the
centre tap of potentiometer R19 is moved away from ground
potential, the suape of the pattern will change. By
veasuring the amplitude of the modulating waveform at

the tap of R19 by ieans of an axiliary oscilloscope,

the =arplitude of the wavelorm appearing at the grid of V7

can be computed by means of tae ratio of R28 to R27.

Consulting the graph of Fig. 7 will give the amount of

frequency deviation obtained for certain voltage casnzes

at the grid of the modulator V7



- 47 o

By weans oi the relation given in equation (26)

=z
the proper setting of R19 may e obtained to zive a
pattern representing the distant field from a horn
of length "£" cm., width "&" em., transvitiing a

frequency oi wavelength A,
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Table 8

Ol Mificant Voltages

TUBE | SLoCTRODE Vot .04 VOLTS
V1 Plate 110
va Plate 05
oScreen grid 38
va Plate 70 | 26 (peak) 900 c.p.s.
Screen grid 40 | 26 (peak) 900 c.p.s.
Suppressor grid =24
VSb | Plate 88 | 100 (peak) S00 c.p.s.
V7 Plate 250
Screen grid 125
Suppressor grid 0
Cathode 1.7
V8 Plate 250 | 15 lic/sec.
Cathode 150
V9 Plate 250 | 30 lic/sec.
Screen grid 130
Sl P
2.0 Amplitude:
9,4 Volts Llei-eds
Screen grid 250
Control zrid -43
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