STUDY OF THE BAND-PASS EFFECT BY CATHODE-RAY
OSCILLOGRAPH

By S. P, CHAKRAVARTI
(Recereed for publication, September ot 1942)

ABSTRACT. The paper rclates (o study of the imporfant phenomenon of ** hand-puss
cltect ' by cathode-ray oscillograph methiod developed v the author utilicing Wood's phase
angle measurement,

Measurements were canied ont both on Tow-pass and  bigh-pass ilter sections {ermmated
in stabilised negative impedance ; and gain or attennation, phase-shift angle and sign of phase.
shiff angle of the resulting hand pass arrangetent were obtained by oscillograph method.

The method not only enabled the phase-shift angle at ditlerent frequencies to he ohtained
with suflicient accaracy and comparative case, but the variation of the sipn of phase-shift
angle as the frequency altered could he visnally observed. Comparison hetween this method
and a wdll-known non-oseillographlie method has been made.,

The method developer? here is applicable (o determination of gain or attennation, phase:
sift angle and sign of phasc-shift angle of all types of wave-filker and netw k.,

1, INTRODUCTILON

It wus experimentally discovered by the author (1038) about six vears ago that
hoth Tow-pass and higli-pass symmrelrical filter sections of any type terminated
in stabilized negative impeduances of magnitude more or less cqual to their
maximutn characteristic impedance in the transmission hand become * copverted ™!
to unsymmctrical band-pass filters and in addition, amplification was obtained
aver the transmitted hand. “Thus the two cficets, namely the ** hand-pass cffect ™
and “‘amplification effeet,” were  simultaneously  obtained.  The Dand-pass
effect was, however, more important than the datter offeet. Use of negative
impedance of magnitude greater and less than the maximum  characteristic
impedance in the transmission band Tor termination purpose had the cffeet of
adjusting gain in the transmission band, transmission hand-width and sharpness
of cut-off of the resulting band-pass arrangement,

It has been found (Chakravarty, 1041) that the cause of the hand-pass effect
lies in (a) the nature of variation of the network gain or loss of the ‘ cquivalent’
network (formed from the original filter section and the negative impedance
termination) with frequency and (b) the nature of variation of the reflection gain
or loss between characteristic impedance of the original filter seetion and negative
impedance of the termination with frequency. It has further heen found that
the former variation contributes little to the band-pass effect whereas the latter
variation contributes mainly to it. The nature of varjation of reflection gain or
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loss with frequency which intensifies the “ band-pass effect 7 s agaiu largely
due to variation of negative impedance of the termination with frequency.

The present paper avose out of the desire to examine the *“band-pass
effecct " by an entively different method—hy observing patterns on the screen
of cathode-ray oscillograph and measuring various lengths and angles thercon.
It has Dbeen possible by the oscillographic method developed to  determine
attenuation or gain, angle of phase-shift and sign of the angle of phase-shift at
various [requencies for the resulting band-pass arrrangement. Both low-pass
and high-pass symmetrical filter seetions have been  considered. Advantages.
and disadvantages of this oscillographic mcihod over other methods have been
fully discussed.

2 CATHHODE-RAY OSCILLOGCRAIHN MLETHOD \

|
‘The diagram of conneetions for study of the band-pass cficet by a cathode-
ray oscillograph of Standard Telepliones and Cables Co.’s make s sho\*vn in
Figs. 1(a) and 1(b).  [ig. 1(a) shows the beat-freque ney  audio-osciliator (mudd
7o D, manufactured by Clongh Brengle Co.) fecding into a low -pass fiiter
scetion termiinated in a stabilized negative impedance as el as the connections
from the duput and output terminals of the filler seetion Lo the plates of the

oscillograph
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The plate-to-plate capacitance (for cach pair of plates of the cathode-ray
oscillograph) is 10 to 12 pp F and its impedance at 1 Kc/s is 15 8 to 13.2
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wegohus respectively shunting the input and output impedances of the filter,
The anode-filament capacitance of e AC/SG tube together with stray capaci-
tances in parallel and choke inductance both shunting the ncpative resistance
arc about 50 un T and 40 H respectively and their impedance at 1 Kefs is
therefore 3.2 and o.25 megohms respectively, A high resistance has to be
connected across cach pair of plates for steadying or stabilizing purpose and
has to be of such valae that the positive and pegative impedances connected
across jnput and outpul termina's of the filter section respectively are not
appreciably altered, A resistance of 5 megohms has been used.  Switthes
8, and S; enable one to examine only cither input or output as desired.

Tig. 1(b) shows the circuit of the oscillograph with  various controls,
designed for the experiment.

Case 1. When V,=eflcctive input voltage (1o vertical deflector plates) and
Ve=eflective output voltage (to liorizontal deflector plates), and 'V, and V,
are of the same phase (i.c., there is no phase-shift in transmission through the
filter section).

At first only 'V, is applied across  the verticul deflector plates and
length of trace measured in ems. Then only V. is applicd across the horizontal
deflector plates and length of trace obtained in cms. Subscequently) the two
voltages with no phase-shift between them applied  simultancously  across their
respective plates will give the resultant—a straight line of lenpth N4
diagonally  across the screen at an angle « (to the horizontal) given by

1’1.

oa={an "

Mecasarem: nt of the lengths of traces [ and 1, (in ems.) corresponding to
2V, and 2V, respectively or of the angle &« will give the attenuation or gain
direetly. 11 the length of trace in vertical or horizontal dircection is direetly
proportional to voltage at all frequencies and the constant of proportionality
same for hoth directions at all frequencies, atlenuation o1 gain can be obtained
in decibels direetly from the ratio of lengths. 11 not, voltages corresponding
Lo lengths have to he ohtained from calibration curves.

Case 1. When V| and V, differ in phasc.

In this casc also, V, and V; are first applied scparately to the respective
pairs of plates of the cathode-1ay oscillograph and lengths of traces are measured
in cms, to obtain attenuation or gain in decibels as 20 log,, 1,/1,.

FFurther, when both V,and V., are applicd simultancously, an clliptical
trace whosc dimensions depend upon the phasc angle of Vyand V, and their
relative values is obtained.

The phase angle is obtaincd dircetly from lengths of traces due to V,
and V, on screen, (d.c.,1,/2 and 1,/ 2 respectively) as well as from the major and
minor axes of the ellipse. If ¢ is the phase-shift between the voltages,
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. D -y ab
the ¢=sin (Wond)** =gin="- %2
1en h IV Vs i

where a=major axis of the c¢llipse, and b=minor axis of the cllipse.

When frequencies higher than 0.4 to 0.5 Mc/s are involved in wave-fillers,
dircet application of V, and V. to the respective pairs of plates is not desirable,
V; and V, are then applied to two exactly similar super-heterodyne amplifiers
(consisting  of high-frequency  amplifier, mixer and intermcdiate-frequency
amplifier stages) with the same local oscillator giving sanie gain and phasc-shift
and the corresponding 1T, voltages V! and V7, are applicd to the respective
pairs or plates of the oscillograph. It s neeessary in this case to have linear
relation between v, jnputl voltage to super-hicterodyne system and i.f. output
voltage as well as between i, output voltage and deflection in cms.:' on the
sereen of the oscillograph. \

At high frequencies, direct application of V, and V. to the plales ‘causes
instability and loss by radiation and does not give linear relation between \;pllage
applied and deflection on the screcn. !

AL very high frequencies, in addition, the differcuce in distance between the
deflector plates introduces ap crror in the phase angle measurcment due to
“ Tollmann Phase [Lffect " (Hollman, 1933). The time of flight of the
clectron heing d/V (where d=axial interplate distance and V =velocity of the

. wd
beam), the phase angle is ¢+ Vo .

The method evolved here is convenient for finding out gain or attenuation,
phase-shift angle, sign of phase-shift angle, clc., at various frequencics for any
network or filter section.  ‘The advantages and disadvantages of this method arc
discussed in section 5.

3. LOW-PASS PFILTER TERMINATED IN STABILISED
NEGATIVLE TMPEDANCE KNLEMENT

A low-pass H-type filter scction (total scrics inductance= 100 mH and total
shunt capacitance=0.5 uIF) of nominal characteristic impedance 450 ohms and
cut-off frequency 1500 c. p. s. was terminated by a negative impedance of magni-
tude ncarly same as the nominal charactetistic impedance obtained from AC/SG
screen-grid tube under secondary emission conditiou.

Table I gives the results of observation on the traces on the scieen of cathode-
ray oscillograph. Negative sign in columm under ‘ gain or attenuation ' (Table 1)
signifies gain. .

It will be seen from ‘L'able 1 that for first five frequencies (marked with
asterisks) the pattern on combining voitage has been ubserved to be a straight line
signifying that there is no phase-shift intioduced in transmission at those frequen-
cies. ‘The length of the straight line is almost equal to ¥ 17+1; (where iy and I,
are in cms.).

¥ Vjand Vj in the equation stand for corresponrding lengths of traces due to them,
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Tavre I

: f ! Axes for cllip-

“lpin e,

g inems Gain Nuature of 1 tical pattern
Frequency | (corre- 1 (corre. or . pattermon ' ' Phase shift
inc.ps. sponding to  spondiug to : attenuation © combining ‘ ¢
2V)) i 2Vy) : dh voltages a b
. ! ToCms. | Cms, !
- d - i . - .
Yo 450 ‘ q.20 —1.58 | Staight l o®
; } . line } !
i LR cms, |
| at 40° ]
) . !
*8 < ‘ S0 ~ 748 7.9 at l' y °
0 S0 , S ! TN 7.9at . ’ o
*100 5-30 '1 6.00 '5 - 984 8o, \ 0
. i
*a00 4.40 5.00 S I } 79 o 4]
300 3.70 | A4.00 . - 22 o, 0*
!
} . . H
00 3.70 1 5.10 ' “ 295 | Elipse with | ooo 1 ogo 10 12° a&
| ' mMajor axm !
i . inclined to |
| * horizental |
l ! al qo° ll
500 3.50 ! 5.10 | — 3.28% \ " " ton ogo a7t
, | | |
600 350 | sao P 306 |, » 570 | oos | 18
! | i
- A | : o a e v } a® o’
700 3.50 i 4.10 i 2.Qu ” Ko 5 40 110 | 2070 24
800 3.30 5 1.40 —2.542 " v 460 | 130 | 24° 42"
5
LU ‘ 2.00 g 500 - 2842 " . ' 4.00 135 &+ 28° 1§’
' |
1000 ' 2.80 i 3.60 — 2 (08 . Oo0° " 370 | 138 28 a0
i x ’
2000 ‘ 2 00 | 1.30 d740 L, et + 180 1,10 19" a4’
i ! i
3000 200 1,10 5,102 | o 150° 1 8o 110 63,
I !
' 3 | o
4000 4 o ! 0.9V 12560 1, 15§ | 20 o 6o g iry
000 2 00 0.b0 12,700, 1te” i 2.00 0,50 b5 g
[ ! .
Goou 2 70 waqo 1[ 1O8 L, 1657 P2go oo a4
|
800 250 .10 l| 3osh 1757 1 250 | 0.0 oo
! ! .
| !

Fig. 2 shows the attenuation or gain and  phase-shift with frequency of the
band-pass arrangement.  The cut-off frequencics ate 500 1o 1000 c. p. s, The
phasc -shift ¢ varies Lincarly with frequency over the transmission band of the
band-pass arrangement.

As the frequency is altered from 5o c. p. s. to 8ooo c. p. s., the pattern on the
screen of cathode-ray oscillograph undergces ramarkable variation. Up 1o 300
C. p. s., the pattern appears to the eye to be a straight live which may be a much
elongatcd ¢llipse in which the minor axis has heen negligibly small. At 400
¢. p. s. and ncar about the ellipsc is an clongated one with major axisat 40° to
the horizontal. As frequency increases up to 1000 ¢, p. s. and near about, the
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ellipsc broadens out gradually with major axis making larger and larger angle
with the horizontal.  Subsequently, after 2000 c. p, s. the broadening decreases,
the ellipse getting thinner and thinner and the major axis makes angles larger
than go” with the horizontal so as Lo rotate itself to the sccond quadrant.
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As the phase angle ¢ between the voltages increases, the ellipse becomes
broader ; and as ¢ decreases it becomes narrower. ‘The rotation of cllipse will
depend upon the sign of the phase-angle with variation of frequcncy (i.c., the
phasc-angle may be ‘ lagging ~ at somc frequencies and  lcading * at others).

It will be seen that within the transmission band (500-1000 c. p. s.)
¢ increases lincarly with frequency but remains same with regard o sign
(i.e., ellipse is not rotated).

4 BIGI-PASS TFILTER TERMINATED IN STABILISED
NEGATIVI TMPEDANCK ILLIEMENT

A high-pass H-lype filter section (lotal series capacitance= 0’075 pI' aund total
shunt inductance =50 mH) of nominal characteristic impedance 814 ohms and cut-
off frequency about 1330 ¢. p.s. was terminated by a negative impedance of
814 ohms obtained in a similar manner as before.

Table 11 gives the results of observation on the traces on the screen of cathode
ray osciilograpli.  Negative sign in colunm under gain or attenuation (Table I1)
signifies gain.

It will be scen from "'able II that for four fiequencies (marked with asterisk)
it is likely that the pat'tern is much elongated cllipse with negligibly small minor
axis appearing to be a straight line since the length of the line is <+ }'"%Ti%‘.

Fig. 3 shows the attenuation or gain and phase shift with frequency of
the band-pass arrangement. ‘The cut-off frequencies are 2150 and 4000 c. p. s.
Since the sign of ¢ in the transmission band is negative (as explained below),
¢ plotted on negative scale will show a linear variation with frequency over the

transmission band, .
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Here also as the frequency is alterced the pattern on the sereen of ¢athode
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tay woscillograph undergocs remarkable variation. ¢ incrcases with frequency
and has the same sign up to 2000 c. p. s, and near about.  I'hercafter ¢ decreascs
and also changes in sign. ¢, howcever, has the same sign within the trans-
mission band.

5 DISCUBSSTON ON MEASURIEMENTS BY CATIIODI-
RAY OSCILLOGRAPHIC METIHOTD

.

I'he oseillographic method employed here utilizes the method of phasc-angle
determination evolved by Wood (1032), and is capable of giving gain orattenunation
as well as phasc-angle and its sign with sufficient accuracy both over low and high
frequency ranges.

Another cathode ray  oscillograpl method which might have proved suitable
for the purpose was developed by If. de Ta C) Chard (1038), for measuring gain or
attenuation as well as phase angle. It sullers from  sceveral  disadvantages
as follows -

(1) It requires two pairs of wagnetic deflection coils with a number of
accessories ; (2) the mutual inductance between deflection coils cuuses inaccuracy
specially at higher frequencies; (3) therc is also liability of loss by radiation
from coils at high frequencies; (4) to find out whether current in coil B say
leads or lags that in coil A (that is, to find out the sign of phase-angle) tle
direction of rotation of the cathode-ray beam has to be observed by viewing
the tube screen through a stroboscopic disc (requiring an induction motor
rotating a siugle-holel disc at 1470 r.p.m.); and (5) further the cathode-ray tube
should not e of the type which gives a long-sustained afterglow.

The non-oscillographic method developed by Messrs. Hinton, Rendall and
White (1020), for measurcment of phase-shift angle is capable of giving both
gain or attenuation as well as phase-shift angle but requires a special type of
ttansformer, two exactly similar lincar ampliliers, a (hird lincar amplifier for
combined voltages and a calibrated thermionic vollineter.  For higher frequencics
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good balancing and great deal of care in circuit design are necessamy.  1f only
wain or attenuation is desired but nol the phase-shift angle, measurement
requires only a calibrated thermienic voltmeter.

‘Table 1TT shows the results of observation on the same high-pass filter
(total series capacitance =o.25 #1I8 and total shant inductance =150 mH;
nominal characteristic impedance =570 ohins and cut-off frequency =400 c. p, s.)
terminated by —-7o0 ohms  (nepative impedance) by oscillographic method
cployed here as well as non-oscillographic method of  Moessrs, inton, Rendall
and White,  The negative sign in ‘Lable T significs gain.
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1t will be scen from ‘l'able ITT that there is some discrepancy hetween gain
or attenuation measurements by the two methods and that the non-oscillographic
method gives larger gain and Dbetter sharpness of cut-off.  Further a  closer
agreement Dbetween phase-shift angles measured hy the wwo different methods
will be observed.

By comparing the two methods it will be seen that in oscillographic method
both gain and phase-shitt can he determinced from four observations per frequency
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whereas in the method developed by Messrs. Hinton, Rendall and White (1929)
both gain and phase-shift can be obtained from (fi1¢e ohservations per frequency
but a larger number of equipments (some of special I[eatures) as stated above as
well as skilful manipulation arce necessary. 'The oscillographic method gives
onc a visual picturc as to how the ellipse undergoces alteration in shape (i.c.,
broadens out or narrows down) as phase-shift angle increases or decreases with
frequency and as to how the cllipse rotates as the sign of ¢ changes with
variation of frequency.  ‘T'hus the oscillographic method has disiine! advantage
over the other method at least regarding the examination of the phase-shift
problen:.

I'he disadvantages of the oscillographic method are as follows :——

1. Mcasurement of Jengths of traces on the cathode-ray oscillograph screen
is liable to inaccmacy. By means of two adjusters the thickness of \lines on
the screen can be reduced to less than 0.6 mu. and the whole lcnggh can De
brought to equally good brilliancy. As the cllipse becomes more and more
elongated, mcasurement of minor axis is liable to introduce great error, I\’keasure-
ment of voltages hy thermionic voltmeter for gain or attenuation and phase
determinations can give better accuracy.

2. It will be scen that if frequency band involved is large, direct deter-
mination of attenuation or gain and phase-angle from lengths measured on the
screen of cathode-ray oscillograph is liable to error for reasons discussed below,
I'he wide band difhiculty is involved in case of high-pass filter terminafed in
stabilised negative impedance. -

I'he length of the trace (vertical or horizontal) may not be directly pro-
portional to the a.c. vollage impressed across the plates for all vollages over
the frequency range involved and the constaut of proportionality may not be
the same for traces in vertical and horizontal diiections.

An cxperiment has been carried out to test the relation between length of
trace and voltage impressed across the plates for the 8. T, C. Co.’s cathode-ray
oscillograph  (Fype 4os50A—flament current =0 9A, anode vollage =350V,
and shield voltage =25V with respect to filament) used at rooo and 8ovo c¢. p. s.
‘1I'able TV shows the results of the experimient.

TavLE TV

|

Frequency 1000 c. p. s, Frequency 8ovo c. p. s.

I
Vertical j Horizontal Vertical Horizontal
| . N PO
Impressed | Deflection  Impressed |Deflection | Impressed | Deflection [Tmpressed | Deflection
volts cms. I ovolls cms. volts [GHER volts cms.
- ‘ S
3.1 1.0 | 3.3 1.0 2.9 1.0 3.6 1.0
6.6 2.0 L 71 2.0 6.4 2.0 7.4 2.0
9.9 3.0 [ 106 3.0 9.8 3.0 11.2 3.0
13.2 4.0 ‘ 140 4.0 13.3 4.0 14.8 4.0
16.4 5.0 | 17.4 5.0 17.0 5.0 18.7 5.0
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1t will be scen from Table IV that the variation is more or less linear in all
cases but slight discrepancics occur in the variation for two directions as well
as at different frequencies.
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