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ABSTRACT. A multiphor and u function gonerator usng a cathode ray tube with
w eapacilutive pich up deviee aro descnbad.  The dovieo smimphfios the construction of the
multipher and funetion generator without mmpuirng the spood of rosponse o1 the accurncy
of the istrument.

INTRODUCTION

Function generators and multipliers nsmg cathode ray tubes have been
described by many authors (MacNee, 1949, Mackay, 1947; Deely and Mackay,
1949; Sunstein, 1949).  Use of the clectrou beam of the C R. tube as the dynamic
element m these function generators and multipliers results i high speed and
makes them speerally suited for applications m lngh speed analogue computers.
Howevor, m all such function gencrators and multapliers, the voltage giving the
function or the product is obtamed with the help of photocells placed in front
of the C. R. tube. Instead of the photocells as the pick up device, MacNee sug-
gested the use of metalbe pick up plates mounted mside the C. R tube.  Evidently,
this 1s only suited for the multiplier 11t is Lo be used for the funclion generator
a separate C. R. tube 1s requred for cach new function. Tn this paper a multi-
plier and function generator with a new pick up device 18 deseribed.The devico
is simple and can be casily replaced so that the same C. R. tube can be used for
the multipler or for generating different types of functions.

PRINCIPLE OF THE MULTIPLIER

The eloctron beam in a cathodo ray tube, when subjected to an electric field
E, in the X-direction and a magnetic field H, in the Z-diwrection, 18 deflected in
the Y-direction and the deflection is given by y, where

y = K,E,xH,

Since, velocity of the spot in the Y-direction is proportional to E, x H..

The deflection in the Y-direction 18 proportional to the product of the electric.
and magnetic field intensities. One of tho voltage to be multiplied (V) is applied
to the X-plates (figure 1). Thus E, is made proportional to V;.  The other voltage
V. is applied 1o an amplifier which sends a current proportional to ¥, through a
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coil mounted coaxially on the neck of the tube between X and Y plates. The
resulting ¥-deflection is proportional to the product of ¥V, and V,.
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Fig. 1- Block diagram of tho multipher.

On the face of the cathode ray tube 18 mounted a pick up device. It gives
an output voltage which varies as the spot is deflected from the zero-Y line.
If the oulput voltage of the pick up device 1s proportional to the spot deflection,
it is also proportional to the product of V; and V, Usually this is not so, and to
obtain a voltage proportional to the product, the output of the pick up device is
amplified and applied to the Y-plates, in such a phase that it tries to bring the
spot back to its initial position, whonever it is deflected due to the apphcations
of V;and V,. Tet the pick up device give an output voltage » per unit ¥ deflec-
tion and 4, bo the Y-plate deflection sensitivity of the tube. Then, evidently
the voltage.appearmg at the output of the amplifier, when voltages V,; and V,
are apphed, is V,,, where

K,V,V, K,/8, e (D
Vo =2 02 = Billy iy,

W= va 1”604

A is the gain of the amplifier and K, is a constant related to I, the X-plate sensiti-
vity and the constant relating ¥V, with ¥,. If the gain of the amplifier is made so

large, that 3;12 18 very small compared to 1. ¥, is proportional to tho product
Y/
of V, and V,.
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PICK UP DEVICE

The pick up device consists of metallic plates mounted on the face of the
cathode ray tube as shown in the figure 2. One of the plates is directly grounded
and the other is connected to ground through a high impedance elemont. The
electron beam of the C. R. tube 18 intensity modulated. As a result the charge
appearing before the plates varies with time and thereby induces charges on the

70
AMPLIFIER

PICK ~ 7P
PLATES

Fig. 2. Shupe of tho pickup plates for the multiplier.

plates which also vary with time. The varying charge on tho metallic plate con-
nected to ground through high impedance causes a voltage to be developed across
the impedance. Evidontly the magmtude of this voltage dopends ou the position
ol the cathode ray spot relative to this pick up plate and decreases as the spot

recedos from its edge. The presenco of the grounded plate cnhances this rate
of variation.

CIRCUITRY OF THE MULTIPLIER

The amplifier circuit following the pick up device 18 shown in figure 3. The high
unpedance element connected to the pick up plate consists of a heavily damped
parallel tuned circuit. It is tuned to the frequency at which the electron beam
is intensity modulated, which is 400 ke/s. The oscillator supplying the intensity
modulation voltage is crystal controlled. The voltage developed across the pick
up device is amplified by R-C coupled amplifiers in two stages, and then rectified
by a thermionic diode. The rectified voltage is applied to the input of a d.c.
amplifier. The output of the d.c. amplifier is adjusted to be zero when the spot is
on the zero-¥ line by the zero adjuster. Also the phase of the output voltage
i3 80 adjusted that as the spot tries 10 leave the zero- Y line, the amplifier output
voltage, when applied to the Y-plate, brings it back. Tho gain of the amplifier
w such that vd,4 is equal to 1000. Thus error introduced from this source is
loss than 1 in 1000.
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Fig. : Circuil, arrangemeni of the amphfier.

Tho circuit arrangement of the amplifier supplying the current to the magnetic
deflection coil is shown i figure 4. The frequency response ol this amplfier is
flat up to 3 Ke/s. The magnetic dellection coil consists of 5000 turns of 46 gauge
copper wire and has a resistance of 1 K 0. The C-R tube used for the multiplier
is of the type 5BPI.

+300v
3 3 100pf
23 7K —
7 ) AAAAA.
330K [
68K é
70 AUSKETIC
3 con
A 33083 10K 3
7w
- - 300¥

Ihg. 4.: Magnetic-dofloction amplhfior circuit.

MULTIPLIER CHARACTERISTICS

The measured d.c. characteristics of the mulliplier is shown in figure 5. It
shows an accuracy of 2% of full output. The frequency response of the multi-
pher is flat up o 5 Ke/s for voltages applied to the X-plates and up to 3Kc/s for
voltages applied to the magnetic-deflection coil.
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The accuracy of the multiphier is imited by limitations of mechanical align-
ments. The edges of the pick up plates are not perfectly parallel to the zero-Y
deflection line and also the axis of the magnetic deflection coil cannot be accurately
algned with the tube axis. With botter mechamcal arrangements the accuracy
figure can bo further improved. 1In this connection, it may be notod that as the
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Fig 5: Mullapher D. C. chaructoristics.

spot is deflected from its centre position it gets defocussed. This defocussing is
lfurther increased when the magnetic field is apphed. However, defocussing only
teduces the output of Lthe pick-up plate and thereby affects the overall gain.
The reduction in the gam does not affoct the accuracy much since oven the reduced
gam 1 well over 700 and this may contribute an er1or of only 1 in 700,

The frequency response of the multiplier for voltages applied at the Y-plate
may be {further improved hy using a higher frequency for beam mtensity modula-
tion and increasing the bandwidth of the parallel-tuned eirewt. The frequency
response for voltage applied at the magnetic deflection coil also may be improved
by mereasing the bandwidth of the magnetic deflection amplifier. This requires
the use of a magnetic-deflection coil with smaller number of turns and therefore
involves greater power consumption. Smce, however, the differentaal analyser
of which the multiphier forms a part has a fixed value of CR equal to 1/4, further.
improvement of the frequency response was thought uunecessary.

Solution of an cquation with the multvplier
The performance of the multaplier in its actual use in the computer is illustratod

by solutions of Mathiou equation obtained by the differential analyser using
the muliiplier,
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Mathieu equation i 1ts general form is written as

&y

dz?

The set-up of the computer for solving the equation 18 shown in figure 6.

Cos ot is generated in a different part of the analyser. The computer set-up
solves the equation

(@ — 29 cos 22)y = 0 e (2)

2o
Tt.“:’_+ wo(ay — a, cos wyt)y =0 o (3)
where o = 1/(CR)2
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Fig. 6 - Computer set up for solving the equation,

2y

P -| (@—2g cos 2z)y = 0.

On substituting 2z for w,¢ lign. (3) reduces to

2 2 2
dy + [4."“’ o—2. 2“)‘._'._- oy "0922] y=0.
©p

dz? %
40,2 20,2
Hence a= =29 o, and ¢ — =% a,.
2% ,?

In figure 7 is given the solution of the equation as obtained by the analyser

for a = 3, =2 and y = 0.

TUNCTION GENERATOR

Let the function to be generated be given by f(V,). The pick up plate mounted
on the face of tho C.R. tube is roplaced by two other plates with their edges shaped
to the form given by f(V,). The form of the pick up plates for f(V,;) = V,?is shown
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B¥Fig. 7: Computer solution of Mathiou equation fer

@ =3, > Yo = 0.

7

Fig. 8: Shapo of the pick up vlates for generating V2.

Fig. 9: Plot of V,2 ted by tho function g b inst Vg
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in figuro 8. Now for generating V,2, V, is made zero and V, applied to the X—
plates. As V, is applied, the spot moves along the X-axis, but the feed back device
keeps it 1n between the edges of the two plates.  As m the case of the multiplier
if the gain of the amplifier is large, the spot moves along the centre line between
the edges, and smee the plate edges are shaped to 7,2, the voltage appearing
at the output of the amphfier is proportional to V2

V.2 plotted agamst V| as generated by the function generator s shown in
figure 9. The frequency response of the function generator is flat up to 5 Kejs,
which, however, can be improved further as indicated before by mereasing the
beam mtensity modulation [requency.

CONCLUSTON

The new pick up device doscribed in this paper can be used successfully for
constructing a multiplier or a function generator employmg a C. R. tubp. The
use of this device does not affect the speed of response. The accuracy is {mainly
liimited by mechanical mis-alignments. '
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