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A Sweep Method for Measuring Envelope Delay

(T 0.01 microsecond in absolute value and even better in relative values.

Introduction

Equipment has been developed which in conjunction with generally
available sweep generators and oscilloscopes, makes it possible to deter-—
mine rapidly the envelope delay characteristic as well as the amplitude
characteristic of any amplifier or system. Measurement made with it when

compared with other methods of determining envelope delay agreed within

Theory of Operauon

If a signal consisting of two frequencies
is fed into an amplifier, the signal at the
output will consist of these same two fre-
quencies but each will have had its phase
shifted by an amount determined by the phase

(jjhift of the amplifier at each of the two
frequencies.

That is, if the input signal is

S; = cos(2nf,t+g,)+cos(2nf, t+g,)

the output will be

So = Acos(2nf,t+e,+0,)+Bcos(2nf,t+9,+8,)

If the two frequencies are close enough
together so that the envelope delay is constant
in the interval between f, and f, the envelope
delay will be

7 .40 86 _ 0,-6,
B 4w 2rAf  2m(f,-f,)
Since f, and f, are known the measurement
(‘of Teg resolves itself into measuring 8,-6,.

If the output signal is detected in a

square law detector,
§3 = A%cos®(2nf,t+g,+6,)+B%cos® (2nf,t+p,+0,)

C

+2ABcos (2nf,t+p,+0, )xcos(2nf,t+p,+6,)

A B
=-——-—-——-+2 cos(4nf1t+2o1+26,)+2cos(4nf2t+2q>2
*+26,)

+ABcos[2n(f +f,)t+p,+9,+6,+6,]

+ABcos[2n (f,—f ) t+9,~9,+6,-6,]

This shows that there is a d-c term,
three high-frequency terms (roughly 2f) and a
term, the last term above, at a frequency of
the difference of the two frequencies and
shifted in phase by the difference in phase
shift of the two frequencies.

It should be noted that A6 = 6,-6, is not
dependent on A or B.

By selecting just the Af = f,—-f, term by
circuits tuned to it, a sine wave is obtained;

ABcos (2nAft+e+AB)

By measuring this phase of this detected
output signal relative to the same signal at
the input to the amplifier where A8 = 0,

p+AB-¢ = AB.

This shows that the phase of this Af signal is
Ap and since Af is known,
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_ Qs at the point in the amplifier under test canno’™
onAf’ be a simple detector but must be a wide—bam,)’
cathode follower to take the signal into the
measuring equipment. The beat between the two
side bands can be used in either of these cases
(twice the modulating frequency) as is done

Te

To get the delay at any other frequency,
f, and f, are changed, keeping Af constant.
Then, the envelope delay will always be pro-
portional to the A®, since Af is constant.
This may be written

when just two frequencies are used. However,
the second harmonic of the modulating frequency
generated in the simple type of detector is of
the same frequency and gives spurious results.

Te = 2nfA x 46 For these reasons it was decided*to use
just two frequencies and a simple diode de-
tector. In order to generate two frequencie;)

An easy way to measure A6 is to feed the whose difference is constant while their ab-
sine wave at Af of unknown phase into a modu- solute frequency is varied rapidly as is done
lator with a sine wave of the same frequency in a sweep, it is necessary to modulate the
but constant phase. The output is then pro- signal from the sweep generator by a constant
portional to frequency in a double balanced modulator.

K sin Af

This can be seen by considering what a
modulator does. |t multiplies the two waves.
Therefore the output

Equipment

A block diagram of the equipment for
accomplishing the above is shown in Fig. l.)

St = cos(2nAft+g)xcos (2nAft+o+AB)
= 3cos(2n2Aft+29+A0) +3cosABp oséleEi:OO:m_——AMPL'F'ERr_':::::‘:::a —‘AMP"'F'ER’__'AM?U);ER
By filtering out 2Af there is only
DOUBLER OSCILLATOR
af Vo of
St = zcoshe6.

If the phase of the reference signal is TUNED TUNED FiBii
Sh i fted by 90 degrees th i 5 Wou] d be ST - é— MODULATOR ““’A!.fIFF“ LIMITER ‘—-AMPAI}IFIERG—‘DETECTOR AMPL.
sin A8. TEOJRAS

In most simple modulators (not balanced) QUTRUT
there isad-c term which can easily be balanced Fig. | — Block diagram of the eqguipment.
out.

Instead of using just two frequencies, a A signal at the frequency for which the
group of frequencies can be used. Two practical envelope delay is to be measured is fed through
cases are those obtained by modulating a carrier an amplifier into a doubly balanced modulator
either in amplitude or frequency. When this is where it is modulated by the output of an os-
done, the phase of the modulating frequency cillator at £ Af. Neither of the input signals
after detection can be used, provided the appear at the output of the modulator, but )
amplitude of the two side bands have been made only the products, that is, f + 3 Af and f -7
equal before detection by an amplitude limiter 3 Af. After further amplification this signal
before the discriminator in the case of fre- is fed to the amplifier under test. The signal
quency modulation, or by a frequency limiter from the output of the amplifier under test is
before the amplitude detector in the case of fed to a detector the output of which is tuned
amplitude modulation. Both these systems have to Af. After amplification and limiting, thi:
the disadvantage that the probe used for looking signal is fed to a modulator to be modulated by



(

(\’nput

A Sweep Method for Measuring Envelope Delay

1 signal of fixed phase at Af derived by
doubling the % Af signal from the oscillator.
The low-frequency side-band output of the

modulator is a d-c signal proportional to

K + sin A = K + aTE

The K can be balanced out and the a de-
termined by calibration. Tg can be read on a
calibrated d-c meter if a single frequency
is used or on an oscilloscope if a sweep
is used.

input

For the equipment which was built a Af of
200 kc was chosen as a compromise between
resolution (ability to measure speed of change
of T with f) and size of d-c variation in the
output meter or scope reading. Lower Af would
increase the resolution but the d-c changes
due to a change in T would be reduced. The d-c
changes could be increased at the expense of
some additional circuits by multiplying both
the reference and varying Af by the same factor
before feeding them into the phase detector
modulator.

Circuit Diagram

The circuit diagram follows the block
diagram closely. The signal from the sweep
after amplification, goes to the
balanced modulator. This consists of two modu-
lator tubes V3 and V4 fed in push pull by both
the input signal and the 100-kc fixed frequency.
The 100 kc is fed by a balanced transformer
and the signal by aplate-cathode phase splitter
V2. The balance controls on the modulator are
(1) the G, bias which, in conjunction with the
tuning of the two halves of the secondary of
the 100-kc transformer, balances out the 100 kc
in the output; (2) the G, bias which minimizes
the second harmonic (3) the
low—frequency signal balance by means of the
otentiometer in the cathode of the phase
splitter which makes both halves of the modu-
(4) the high-frequency
signal the cathode con-
denser which does the same as (3) for the high
frequencies, and (5) the neutralizing condenser

generator,

in the output;

lator modulate equally;
balance by means of

(; yetween the grid and plate of one of the modu-

lators to compensate for the capacity feed-
through at high frequencies of the other modu-

lator due to stray capacity of the wiring, etc.

The output of the modulator is amplified
in tube V5 and fed to the amplifier to be
tested by the cathode follower tube V6.

The oscillator V9 and the buffers V7 and
V8 need no explanation.

The output of the amplifier is detected in
the probe whose output is tuned to 200 kc. The
tuned circuit has a condenser divider so that
the proper signal level may be selected for
the tuned amplifier and limiter which follows.
Tube V14 is a tuned amplifier and V13 drives a
double diode limiter which works satisfac-
torially without phase shift over about a 10
to 1 range. Care must be taken so that none of
the stages before the limiter saturate or draw
grid current; otherwise there would be phase
shift with amplitude. This is the reason for
using a 6AG7 with unbypassed cathode resistor
to drive the limiter.The output of the limiter
goes through another tuned amplifier V12 to
the first grid of modulator V11. The potentio-
meter across the tuned circuit in the plate of
tube V12 serves to put the proper amount of
sine wave signal on the modulator to give a
calibrated output. G, of the modulator V11 is
fed a fixed-phase 200-kc signal through the
tuned amplifier V10 from the doubler circuit
in the plate of tube V8. The primary of the
double transformer is tunable so that the phase
of the 200-kc output may be changed over about
180 degrees. This changes the amplitude of the
200-kc signal some, but the modulator is in-
sensitive to amplitude of this signal if it is
large enough. The output current of the modu-
lator is read on a 0-1.0 ma meter or can be
observed by an oscilloscope after filtering
out the 200 kc. A 0-1.0-ma meter in the limiter
circuit serves to indicate when the signal is
within the proper range and can be used to
check the amplitude characteristic of the
amplifier.

Care must be taken that no unmodulated
100 or 200-kc signal gets into the tuned ampli-
fier. Therefore the first stage of the 200-kc
amplifier should be shielded. One side of the
filament should be grounded at tube V14.

Photographs of the experimental equipment

are shown in Fig. 3.
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Fig. 2 — Circuit diagram of the equipment.
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Fig. 3a — Front view of the equipment.

Fig. 3p. Back view with shield in position
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Fig. 3c. Back view with shield removed

Operation

The oscillator is first adjusted to the
desired frequency (100 kc). Then the balanced
modulator is balanced. This is done by looking
at the output signal. With no input, the G, and
G, biases are adjusted in conjunction with the
relative tuning of the two halves of the trans-
former to make the output 0. This can later be
checked more accurately by connecting the probe
to the output and looking at the test point on
the plate of tube V12.

After the output has been adjusted for 0
with no input, a sweep signal is introduced,
being careful not to use more than about 0.3
volt peak to peak. The output should be single
valued at both low and high frequencies and
should have a single base line. The low-
frequency balance potentiometer in the cathode
(;(f V2 should be adjusted for a single trace at

low frequencies and thecondenser in the cathode
of tube V2 should be adjusted for the high-
frequency end. |If the base line spreads out at
the high-frequency end it is because there is
more capacity between one of the grids and the
(;Vommon plate than the other. A small variable

capacitor is added to the low side to make them

equal. This is adjusted until the base line
becomes single valued at the high frequencies.
After this adjustment, the condenser in the
cathode of tube V2 may have to be readjusted
slightly. The peaking 'in the plates of tube
V1, V3 and V4, and V5 are adjusted to give flat
response. These may belater readjusted slightly
to give as flat an envelope delay response as
possible.

The doubler circuits are tuned in the
normal fashion.

The probe is connected to the output with
a signal fed to the input, and the circuits in
the plates of tubes V13 and V14 and the grid of
V14 are tuned for maximum by observing the
signal at the amplitude characteristic out or
the amplitude meter reading. The circuit in V12
is tuned for maximum by observing the signal
at the limiter test point.

With a sweep input and a scope at the
envelope delay characteristic output, the
tuning of the doubler (the phase control) is
adjusted until the sweep is approximately at
the same level during sweep as during the
blanked off time. The sweep should be adjusted
for maximum flatness from about 0.5 Mc and up
by slight adjustment of the peaking controls
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in the plates of the modulator and tube V5. |f
this adversely affects the amplitude response
it should be corrected by adjustment of the
peaking in tube V1. Below 0.5 Mc there will be
spurious responses due to harmonics generated
in the detector adding to the desired signal.

The delay characteristic meter is cali-
brated by adjusting the "meter 0" potentiometer
until the meter reads center scale for no
signal input and then the "delay characteristic
calibrate" potentiometer adjusted to give
exactly full scale or exactly 0 reading at the
maximum or minimum possible excursion with a
single-frequency input signal (not sweep) and
adjustment of the phase control. The device is
now ready to use to check the envelope delay
characteristic of an amplifier. |f the ampli-
fication of the amplifier under test is greater
than unity the probe gain should be reduced to
keep the amplitude characteristic meter on
scale. |If it is less than unity, additional
gain should be provided but the input to the
balanced modulator should not be increased.
The sweep input should not be raised higher
than 0.5 volt peak-to-peak if accurate results
are desired. Point-by-point measurements may
be made by reading the meter or sweep measure-—
ments may be made by using an oscilloscope.

The probe input condenser size is a com-
promise. For accurate point-by-point measure-
ments to low frequencies without the need for
calibrated correction, it should be as large as
possible. For following rapid changes in ampli-
tude such as occur when sweeping a low-pass
filter a small condenser is desirable. A 3000-
puf condenser is a fair compromise but should
be changed for individual situations. An 0.01-
uf condenser is used in the probe which is
large enough for low-frequency point-by=point
measurements. For sweeping, a small condenser
should be used in series with this one.

The envelope delay is:

Ao
2nAf

Te

If the 1-ma meter reads 0 degrees to 90 degrees
from center scale to full scale it reads 0.5

sin A9, or if | is in ma from center scale

m

21, = sin Ae; a9 = sin”™* 21

10

therefore

T

E

._1I
=__3l2__£_1? = 0.798 (sin"Zl
2ntx200x10

Since for small angles sin 6 = 8 i
radians

this

is quite accurate

Tg ¥ 0.80x21,x107°

m)x107°

f e is

in

in the range between

-0.3 to +0.3 microsecond, being in error by

less than 0.01 microsecond.

measures this 0 to *0.5-ma current as the

voltage across a 10K resistor

Te ¥ 0.16Vgx10™°

in the range +2 volts.

For larger delays the full

be used for accurate results.

Te

Since the scope

formula must

= 0.798(sin”*21 )x107°=0.1596(sin"*V_)x10~°

The meter or scope can of course be cali-

brated directly in microseconds.

point.

ENVELOPE DELAY- MICROSECONDS

Results

4

Several devices were measured by other
methods and then with this equipment point by
Some of the results are shown in Figs.
1T 1T 1T 1T T 1
| —MEASURED ON THIS DEVICE
o MEASURED BY LISSAJOUS FIGURES
4
d/!
/
//
(fNU/
N
\'
(0] | 2 3 4 5
FREQUENCY MEGACYCLES
4 — Envelope delay of a television receiver.

Fig.

)

)
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— MEASURED ON THIS DEVIGE
.1 |— o MEASURED BY LISSAJOUS FIGURES
| G
[ 2 3 4 5 €

FREQUENCY MEGACYCLES

Fig. 5 — Envelope delay of phase correcting circuit.
and 5. |t can be seen that they agree within
about 0.01 psec. Most other methods of mea-
suring phase give readings at certain discreet
with this device,
any frequency can be used. it pos-
sible to find variations between the discreet
( requencies which would be missed by the other

4 shows a variation of this type

frequencies only, whereas,

This makes

methods.
near 2.5 Mc. Fig.
characteristics of circuits taken with a sweep

Fig.
6 shows two oscillograms of

input.

/Acreasin i
‘dh,

g a

O correction y4

2.85mc l,*

nCreasi)
Eg I:kh?‘ﬁ

O corvection x4 |

(b) 2-5mc 3.9 mc

Fig. 6 — Oscillograms of the envelope delay
characteristics of two television receivers.

11

Receivers are measured by modulating a
Mega-Pix or other modulator at r.f. with the
output of this device, and connecting the
probe to some point after the second detector
depending on how much of the video is to be

measured.

When measuring a receiver, the harmonics
of line frequency near 200 kc cause some trouble
but usually only outside the band being measured
is not effective.

where the limiter

Since this experimental equipment is rack
the probe lead was extended with
cable to reach the receiver

retuned to

mounted,
additional
circuits and the

coaxial
input circuit

200 kc. This caused some small peaks in the
characteristic due to the long ground.
Possibilities for Future Development
Since this equipment is experimental there

are a number of things which could be done
differently if another circuit were built. For
instance, there is no need for the extra posi-
tive bias on the two modulators over that
required for proper biasing. The 100-kc input
to the balanced modulator could be reduced in
loading the primary of the

Other types of os-
Other limiters might

ways other than
transformer with 47 ohms.
cillators might be used.
be used.

In addition to this type of change, there
improve the operation in
the
lowered so that

are others which might
respect or another.
frequency difference might be
greater resolution would be obtained and also

one For instance,

lower frequencies could be used.
reduce the accuracy unless the
frequencies were both

readings at
This would
reference and unknown
multiplied up before application to the de-
tector modulator. These multipliers would also

help to limit any amplitude changes.

locked to hori-
could be

The oscillator could be
zontal so that the output
blanked and fed through equipment using clamps.

signal

where the de-
tector must be input, the
reference phase must be reconstructed from the

For use of the equipment

remote from the
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signal itself. This cannot be done pointby
point but must be done when using a sweep. One
way of doing this is with an a-f-c circuit
whose response is so slow that it ignores
changes in phase during the sweep. Another way
is to feed the signal into a narrow filter
which ignores the sweep frequency sidebands.

Instead of using a reference signal one
can measure the frequency changes of the 200-kc

12

signal

with time as the input is swept throug')
the frequencly

range by putting this 200-k.

signal through a discriminator. By converting
this information to phase changes of the 200-kc
signal by integration one gets a signal corres-

ponding to envelope delay. A second integration
would give phase response. (Integration of the
signal out of the phase detector modulator
would also give phase response.)

Alfred C. Schroeder



