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VIDEO FREQUENCY

BROADCAST MEASUREMENTS

Equipment Requirements

Equipment Needed

In order to make satisfactory measurements of video signals,
a certain minimum of equipment is required. For most mea-
surements, a video waveform monitor is all that is needed,
but to do a complete analysis of a system requires some
additional equipment. The waveform monitor should include
provision for making measurements on vertical interval test
signals (VITS) and provide filtering to allow separate exam-
ination of the luminance and chrominance components of

color television signals. The TEKTRONIX 1480 Waveform
Monitor is recommended for these measurements. In addi-
tion to the waveform monitor, a vectorscope must be used
for making certain measurements on color television syster,
particularly differential phase measurements. The luminance
filter and color decoders of the TEKTRONIX 520A Vector-
scope make it an excellent tool for evaluating both the lumin-
ance and chrominance channels of most video equipment.
The waveform monitor and vectorscope are all that are re-
quired to accomplish these requirements, but if a greater
level of accuracy is desired in timing measurements, a con-
ventional oscilloscope with an associated digital counter/
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timer would be a great asset. Measuring the output of a
television transmitter at baseband requires a demodulator.
For greatest accuracy this demodulator should provide a
zero carrier reference pulse for determining percentage
of modulation, and ideally will use synchronous detection
to avoid quadrature distortion.

Calibration

Before attempting to make any signal measurement, it would
be a good idea to check the calibration of your test equip-
ment. In most cases, modern test equipment is quite accu-
rate to start with, and holds its accuracy for long periods
without adjustment. Nevertheless, before making any im-
portant measurements, take a few moments to verify the
accuracy of your equipment. Most measurement gear pro-
vides internally calibrated signals which can be dialed up
to verify the accuracy of the instrument. In addition, some
characteristics of a composite television signal can be used
to verify the calibration of your equipment.

Other Equipment

Some of the parameters described here can also be mea-
sured on other equipment, such as a conventional oscillo-
scope or a frequency counter. The wide variety of such
equipment makes a detailed description of calibration checks
impossible. If you are using other equipment, consult the
instruction manual for a method of checking its accuracy
before using.

Oscilloscope With Counter/Timer Plug-in.

Waveform Monltor Calibration Check

1. Allow instrument to warm up a few minutes. Depress all
gray buttons, and set vertical sensitivity to 1V CALibrated.

Vertical System

2. To check vertical calibration, depress CALibrator button,
and position signal so that upper edge is at 100 IRE.

4. Depress SYNC TIP button, check that display is 140
IRE units (1 Volt).




Horizontal Deflection

5. Connect a composite color video signal to the wave-
form monitor A Input.

6. Setthe time base for 10 microseconds per division, and
check that the distance between two sync pulses is
about 6.3 divisions (=63 usec).

7. Set the Magnifier to 0.2 usec per division, and position
the color burst so that it passes through the 3.58 MHz
tic marks on the graticule. Check that there is 1 cycle
of burst per tic mark. This verifies the 0.2 usec timing
accuracy.

8. Change to 0.1 usec/div, reposition the burst and check
that there is 1/2 cycle of burst per tic mark. This verifies
the 0.1 usec/div timing.

TEKTRONIX 520A Vectorscope Calibration Check

1. Allow the instrument to warm up for a few minutes. Set
the CHANnel A, CHANnel B, and LUMINANCE GAIN
controls to their CALibrated positions.

2. Depress the VECTOR pushbutton and and the A CAL
button. Check that a circle is displayed, centered on the
screen and full amplitude. Cancel the A CAL button
and repeat this check with the B CAL signal.
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3. DepresstheY, R, G, and B pushbuttons, one after the
other, and check that there is a 140 IRE units signal
displayed in each position. Repeat this check using the
A CAL signal.

Video Amplitude
Measurements

At one time or another, just about every component part
of a video signal must be measured or adjusted. The over-
all amplitude of the signal and each of its component parts
have strictly defined levels, and the relationship between
the parts is also critical. We'll start with the measurement
of overall amplitude.

Overall Amplitude

INPUT
SYSTEM A WAVE-
UNDER FORM
TEST MONITOR

This measurement, also known as insertion gain, is a mea-
surement of the peak-to-peak amplitude of the television
signal. The signals that are distributed around the plant are
all supposed to be 1 volt peak-to-peak, from sync tip to
peak white. Any time the signal amplitude is less than or
greater than this level, there is the possibility that some
piece of equipment will either overload or possibly not give
its best performance. To measure signal level, or insertion
gain, set the waveform monitor to display a 1 volt peak-
to-peak full scale signal, and then apply the signal to be
measured to the video input. If its amplitude is greater or
less than 1 volt, there is something amiss somewhere, and
the signal should be adjusted to the correct amplitude. There
is a chance that the incorrect level is caused by a distortion
somewhere in the signal chain, so it would be well to adjust
the variable gain control of the waveform monitor so that
the signal amplitude is actually centered correctly between
the 100 IRE and —40 IRE limits on the graticule. Once this
is done, check to see that the ratio of picture amplitude to
sync amplitude is correct. There should be 100 units of pic-
ture and 40 units of sync, disregarding any chrominance
components that may be present. If the signal is correctly
proportioned, but low or high in amplitude it can be adjusted
to the correct level. If there is an imbalance between the
picture and sync, the cause of this disturbance should be
found and corrected.

As an aid to accurately setting the video amplitude, the
TEKTRONIX 1480 Series of waveform monitors provides
an accurate comparison between a precise 1 volt calibration
signal provided by the waveform monitor and the ampli-
tude of the incoming signal. Feed the signal to be adjusted
into the waveform monitor A input, set the DC RESTORER
to SYNC TIP, and depress both the OPERate and CALi-
brate buttons simultaneously. The waveform display will
show the video signal twice, with the two signals offset by
exactly one volt. Adjust the incoming signal amplitude so
that the peak white of the lower trace signal and the sync
tip of the upper trace coincide. When this happens, the in-
coming signal is exactly one volt peak-to-peak. To locate
a reference level for peak white, you may have to find a
VIT signal that includes a white flag, such as the pulse and
bar waveform. For greater accuracy in setting the signal
level, increase the vertical gain of the waveform monitor
to the 0.2 volt full scale position and fine tweek the signal
level to 1 volt.



Overall Amplitude Measurement
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3. For accurate level setting, display a test signal which
contains a white reference. A VIT Composite signal is
shown here. Select the SYNC TIP DC RESTORER mode.

1. Display the signal on the waveform monitor at 5 or 10
usec/div, with the VOLTS FULL SCALE at 1V CALibrated.
Adjust the signal amplitude for 140 units, disregarding
chrominance components.

4. Depress both the OPERate and CALibrate buttons si-
multaneously, and position the display so that the sync
tip of the upper trace and the white flag of the lower trace
are at the 50 IRE level on the graticule.

2. The IRE response position can be used to remove chrom-
inance, making this level setting easier.



6. Adjust the signal level until the sync tip and white flag
are at the same level. This procedure accurately sets
the video amplitude to 1 Volt p-p.

7. Check that the sync to picture ratio is correct. 40 units
of sync and 100 units of picture.

Demodulator Measurements

Off the air measurement of video signals imposes some
restrictions on the test equipment being used. The wave-
form monitor and vectorscope will faithfully indicate the
output of the demodulator, but there's no way to know if
the demodulator is telling the truth. For most measurements,
a quality demodulator, incorporating synchronous detec-
tion, is a must. The simple diode demod usually found at
a transmitter site just won't do the job. Any signal measure-
ment done at video baseband can be made from a suit-
able demodulator.

Percentage of Modulation, Modulation Depth

Connect the demodulator output to the waveform monitor,
as shown. Locate the zero carrier reference pulse from the
demodulator and set the demodulator output level so that
the sync tip of the signal is at — 40 units, and the zero car-
rier reference pulse is at + 120 units.

Now verify that the blanking level is at 0, and peak white
of the transmitted signal is 100 IRE. If either blanking or
peak white are not correct, there is cause for suspicion that
something is amiss in either the demodulator or transmitter.
By using the rf spectrum analyzer to examine the carrier
signal, the source of trouble can be identified. The right
hand scale on the waveform monitor graticule is calibrated
in percentage of peak modulation, from zero at + 120 IRE
to 100% at sync tip. There is no way to determine transmit-
ter output power using a demodulator, as direct reference
to the output stage of the transmitter is necessary. Never-
theless, once power has been determined, the waveform
monitor display will indicate percentage of this measured

peak power.

PRECISION DEMODULATOR
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WAVEFORM MONITOR
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Vertical interval test signal from precision demodulator. The
graticule scale at the right is calibrated in percentage of
modulation. On a correctly adjusted system, sync tip is
100% modulation, blanking is 75% peak modulation, and
reference white is 12 1/2% peak modulation. The zero car-
rier reference pulse is inserted by the demodulator as an
aid in determining carrier rf modulation levels.




Sync Amplitude

The measured level of sync, from sync tip to blanking, is
not as important as the relationship between sync and pic-
ture or between sync and zero carrier. 40/140 of the com-
posite video signal should be sync. On a 1 volt signal, the
sync amplitude should be 286 millivolts. At the transmitter,
the sync amplitude should be equal to 25% of the overall
signal amplitude, from sync tip to zero carrier. The relative
levels of sync, picture, and zero carrier are shown below.

If gross distortions are introduced in a transmission system,
the sync to picture ratio is the most apparent indicator.
Some common sources of amplitude non-linearities are mi-
crowave transmission links and high powered visual trans-
mitters. By its very nature, the transmitter is a tremendous
source of amplitude distortions. In order to make the trans-
mitter output look better, the signal fed to it is pre-distorted
to compensate for the non-linearities introduced during
modulation. This pre-distortion, or may we say pre-correction
is dependent on the average picture level of the signal, so
there is some compromise on optimum equalization. A
better solution to the transmitter distortion problem is to use
an interactive corrector which samples the output signal
and makes its corrections to the input signal to compen-
sate for the transmitter abnormalities.

1. Sync should be 40/140 of the composite video signal.

2. Sync amplitude must be equal to 25% of the difference
between peak power and zero power. Sync tip is 100%
peak power and blanking should be 75% peak power.

% CARRIER
IRE SCALE POWER
ZEROCARRIER _ _____ _ _ _ 9
0= === REFERENCE | ) O
\
P
00— — — — — —— : — 125%
REFERENCE
WHITE
S _BLANKING _ _ _ _ _ _ __ .
—40 _Swcme _ _ _ _ _ _ _ _ _ __ 100%

3. Relative levels of sync, picture and zero carrier.




Burst Amplitude

The color burst, from EIA standards, is to be equal in ampli-
tude to the synchronizing signal, and centered on the blank-
ing level. The FCC requires the burst on a transmitted signal
to be within 90% to 110% of the amplitude of sync. This
measurement can be made at either the transmitter input
or from a demodulator. It is well worth considering that the
Federal Communications Commission field inspectors make
their measurements from an off the air signal, so it would
be to your advantage to do likewise. To measure burst
amplitude, the signal can be measured directly on the IRE
scale of a waveform monitor, and should be 40 units peak
to peak. It is easier, however, to compare the amplitude
of burst to the sync signal to see if it is within specs. To do
this, position the signal and adjust the VOLTS FULL SCALE
and VARiable control until the sync signal fills the 100 IRE
scale from blanking to + 100. Now position the signal so
that the burst signal extends upward from blanking. The
top of the burst envelope now corresponds to its amplitude
relationship to the sync signal. For example, if the burst
signal tip were at the 95 IRE unit line, burst is equal to 95%
of sync amplitude. Using this technique, bursts must be
between 90 and 110 units in height compared to sync at
100 units.

i~

1. Adjust display until sync extends from 0 to 100 IRE.

i
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2. Reposition the signal so that burst extends upward from
the 0 IRE scale division. Burst amplitude must be be-
tween 90 and 110 units on the scale. Burst shown here
is about 1% high, which is well within specifications.

Setup

The FCC requires that the picture video black level be sepa-
rated from blanking by a setup level of 7.5 (+ 2.5) IRE units.
This setup level does not include color subcarrier compo-

_nents which may extend below this level. To measure setup,

display a full field picture signal, and measure the level
from blanking to the lowest portion of the picture signal.
To eliminate chrominance components that may confuse
this measurement, use the IRE filter position of the wave-
form monitor. Setup is measured between blanking and
picture black, so if the picture does not have any areas
which are black, the result of this measurement is not valid.
In this case, wait until black is presenrt in the picture and
then perform the measurement.

1. Picture black is separated from blanking by 9 IRE. Setup
must be within the range of 5 to 10 IRE.



Synchronizing
Timing Measurements

Format Check

The broadcast television signal must conform to the format
diagrammed in FCC 73.699, Figure 6, and shown here in
abbreviated form. Before making timing measurements on
the signal, verify that the signal format is as shown here.
Pay particular attention to the number of equalizing pulses % R
and sync pulses contained in the vertical interval, and be VN Vit | | ) | et ) \ LA
certain that vertical blanking starts three lines before the
start of the vertical sync pulse. Verify that the relative widths
of the various pulses are approximately correct before pro-

UL L B R o ewuy O I O T Y T O T T B T . 0
ceeding with the actual timing measurements. '

2. Field 2 Blanking Interval.

Vertical Blanking

bAdd
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Vertical blanking is the time between the last picture infor-
mation at the bottom of one field and the first picture infor-
mation at the top of the following field. Vertical blanking is
measured from the leading edge of the first equalizing pulse.

\ \ “ : Measured in terms of time, vertical blanking must be greater
: than 1.17 milliseconds, but less than 1.33 milliseconds. In

: AR -.l terms of scanning lines, the maximum vertical blanking is

L5 oot {14 1 5 bbb § 30} ot ¥ 21 lines. ltis fairly standard in the industry to adhere to 21

lines of blanking, as the vertical interval lines preceding
picture are often used for the transmission of vertical inter-
val test signals.
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1. Field 1 Blanking Interval.
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Synchronizing timing measurement setup.
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Equalizing Pulse Width

The width of the equalizing pulses which precede and follow
vertical sync should be 2.54 microseconds. The tolerance
on equalizing pulses is that the area of the pulse must be
between 45 and 50% of the area of a synchronizing pulse.
It is a fairly simple matter to compare the relative widths
of the pulses and make a valid comparison in that manner.
The equalizing pulses can be viewed on a waveform mon-
itor by using the variable line selector to trigger in the verti-
cal interval. Be sure when making this measurement that
the venrtical interval is correctly formatted as described pre-
viously.
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4. Measured between points at the 1/10 sync (-4 IRE)
level. Shown here at 0.25 usec/div: 2.40 usec. De-
pending on the width of the H sync, equalizers may
be between 2.0 and 2.54 usec.

Vertical Sync Pulse

The vertical sync pulse should have a total width equal to
three horizontal scanning lines.

O,

Vertical sync pulse, 3 full lines in duration, with serra-
tions as shown here.
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Vertical Serration Width Horizontal Blanking Width

The serrations in the sync pulse must be between 3.8 and
5.1 microseconds, measured at the — 4 IRE level. The rise
and fall times of the equalizers and serrations must be less
than 0.250 microseconds.

7. To easily locate the +4 IRE (1/10 sync) level between
which blanking is measured, use the vertical gain con-
trols to set the sync pulse height to be 100 Units.

6. Measured between points at 1/10 sync (-4 IRE) level.
Shown here at 0.5 usec/div., serration width =4.5 usec.

Horizontal Blanking

Horizontal blanking, as defined by the FCC, is measured
between points on the waveform at + 4 IRE units. The mini-
mum width for blanking is 10.49 microseconds, and the
maximum width permissible by FCC specification is 11.44
microseconds. The maximum width speceification applies
to a measurement made at 90 IRE units above blanking.
It is unlikely that many signals will be found to measure
which have video immediately after blanking which reaches
to 90 IRE, but if this is the case, the maximum timing applies.

A\ 8. Without disturbing the setting of the Volts per Division

and Variable controls, move the signal down until the

HORIZONTAL BLANKING i e blanking level is at the — 10 IRE scale division. Blanking
/ widlth is now measured where the signal crosses the 0
graticule division. In this photo, there are 10.7 divisions

on the 0 IRE line, making blanking 10.7 microseconds.

4 IRE

t1



Front Porch Width

The front porch, between blanking and the leading edge
of H sync, must be no less that 1.27 microseconds. This
is measured from the +4 IRE level at blanking to the — 4
IRE level on the leading edge of H sync.

9. Set the sync amplitude to 100 units as for blanking mea-

surements, then reposition the signal to put blanking
atthe + 10 IRE division. Sync width is now measured
on the 0 IRE graticule line. In this photo, sync width is
9.4 division, at 0.5 microseconds per division. 9.4 x 0.5
usec/div=4.7 microseconds.

10. After setting sync to 100 units, the blanking level is set
to — 10 IRE, and the start of the front porch is on the
0 IRE line. The end of the front porch is found by mov-
ing blanking to + 10 IRE. These points are shown as
Sync Pulse Width a double exposure. Shown here at .5usec/div, front
The horizontal sync pulse, mea- porch = 1.5 microseconds.
sured between the points at the -4

IRE level, must be between 4.45 and
5.08 microseconds.

H SYNC WIDTH
—4 |RE —4 IRE

FRONT
IPORCHI
ta—

-4 IRE

12



Burst

The present specification for burst requires a minimum of
8 cycles of burst. The first cycle of burst is defined as the
first cycle of burst, one half cycle of which equals or ex-
ceeds 50% of the peak amplitude or burst measured at
the center of the signal. This first half cycle determines the
start of burst and also its phase. The last cycle of burst is
defined the same way at the end of the burst.

11. FCC standards require a minimum of 8 cycles of color
burst. The burst shown here contains 8 1/2 cycles.

FIRST 1/2 CYCLE
EXCEEDI\NG 50%

Breezeway

The period between the trailing edge of the horizontal sync
pulse and the first cycle of color burst must be no less than
381 nanoseconds, or 0.381 microseconds. This period is
measured from the -4 IRE level on the trailing edge of H

sync to the first zero crossing of the first cycle of the burst
packet.

12. Double exposure showing breezeway measurement.
Starting point at 1/10 of sync. Shown here, at 0.1
usec/div. breezeway = 0.620 microseconds.




Rise and Fall Time of H Sync

The rise and fall times of the horizontal sync pulse, mea-
sured between the 10 and 90% points on the leading and
trailing edges of the pulse, must be less than 0.250 micro-
seconds (250 nanoseconds).

[ H SYNC |
—»| |+—RISE AND FALL—*{
I TIME

o3

-4 IRE —4 IRE

—-36 IRE —36 IRE

14

13. Shown here at 0. 1usec/division Sync pulse leading
edge, 0.125 usec.

14. Sync pulse trailing edge 0.125 usec.



Subcarrier Frequency

The frequency of the color subcarrier or burst signal must
be held within 10 Hz of 3.579545 MHz. The short time dura-
tion of the burst signal makes direct frequency counting
quite inaccurate. Depending on the equipment available,
burst frequency can be measured or verified in several
ways.

Vectorscope

If you have only a vectorscope to use for checking subcarrier
frequency, lock the vectorscope ew reference to a known
good source of subcarrier frequency, or feed one channel
input with a known good composite video signal, and ref-
erence the vectorscope to this source of subcarrier. Select
the signal to be measured, and view the vector display.
The rate of rotation of the display indicates the difference
in frequency between the reference signal and the signal
being checked. If the display is rotating faster than your
eye can perceive the frequency is probably farther off than
10 Hz. Itis not recommended to attempit to adjust subcarrier
frequency using this comparison technique.

SIGNAL BEING
COMPARED

VECTORSCOPE

REFERENCE
SIGNAL

15

Frequency Counter and Gen-Lock Device

SYSTEM UNDER TEST

Y
GEN LOCK SIGNAL GENERATOR
C.W. SUBCARRIER OUT

y

FREQUENCY COUNTER

If you have a digital frequency counter and a gen-lock sig-
nal generator with a cw subcarrier output, the generator
can be locked to the video signal and the subcarrier fre-
quency of the generator can be measured with the fre-
quency counter.

Vectorscope, Variable Oscillator, and
Frequency Counter

If you have a vectorscope and variable oscillator capable
of generating 3.58 MHz with fair stability, use the equip-
ment set up as shown. Adjust the signal generator in the
range of 3.58 MHz until the vectorscope display rotates
very slowly, or not at all. At this time, measure the oscillator
frequency with the counter. This measurement should be
quite close to the actual subcarrier frequency.

SIGNAL BEING
MEASURED

FREQUENCY

INPUT § A COUNTER

A
cw.

'REFERENCE

VECTOR
SCOPE

VARIABLE
OSCILLATOR
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1 M= Time from ster! of one line 10 stor! of mext Iime,

2 V= Time from stor! of one field to ster! of mex! frekd.

3 Lqu ond Iroiling edges of vertica! blonking showkd be compiete
in less thon O.1N.

4 Looding ond rmlmg shopes of meml Manking must be steep
1o preserve minimum ond maximum velves of (x+y) ond (1) vader
oll conditions of piclure conlent,

bt | Dimengions meorted wih nnml mdmn 1ho! tolerances wm ore per-

mitted only for Jong time voriotions and mol for successive cycles,

[ Emlmq pulse oreo sholl be between 0.45 ond 0.5 of oreo of @
Morizontel sync puise,

T Color burst foliows e0ch Norizontel puise, bul is omitted faliowing the
oquelizing puises ond during the brood verticel ’al”l

8 Color bursts 1o be omilted during Arome /.

9 The burst frequoncy sholl be 3.579545 m¢. The tolerance on the fre-
quency shall be L10 cycles wilh @ moximum rote of chonge of fre-
mncy not 1o exceed 35, cycle per second per second,

10 The Aovizontel 9 1rog ,amlu;fgnmmummq.

11 The dimensions specilied for the burs! derermine 1he times of storting
ond ﬂmm' Ihe unrd but no! its phese, The color burst consists of
sine wove,

12 Dmoum P° rapresents 1he peck excursion of the Iumnm signe!
from mnl tovel, but does mol include the chrominaace signol.
Oimension s s the sync omplitude obove blenking level.
Oimension "C" is 1he pect corrier omplitude.

13 Storl! of Field 1 is defined by @ whole line between firs! eQuokting puwise
ond preceding W sync puises.

14 Stor! of Field 2 is defined by @ Nolf kine beiwesn firsl equolizimng puise
ond preceding W sync puises.

1S Fiedd 1 line numbers sterl with first equoliring pwise in Field 1.

16 Frold 2 line numbers stev! with second equolizing pwise in Fiekd 8,

17 Refer fo test for further A X ond

Figure 1.
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Linear Distortion

There are two broad classifications of signal distortions in
television systems, linear and nonlinear. Nonlinear distor-
tions vary with the average or instantaneous amplitude of
the picture signal, whereas linear distortions manifest them-
selves independent of the signal level. Linear distortions
usually occur in a system as a result of incorrect frequency
response.

Linear distortions are divided into four classifications, de-
pending on the time domain in which the distortion is evi-
dent. Short time distortions occur in a fractional part of a
horizontal line, and generally affect horizontal sharpness
and definition. Overshoot, undershoot, and ringing are ex-
amples of short time distortions, and indicate incorrect high
frequency response. Mid frequency response errors, or
line time distortions, cause horizontal streaking or smearing
in the received picture. Field time distortion are errors in
low frequency response, and introduce undesired vertical
shading in the picture. Long time distortions are dc and
extremely low frequency signal errors which cause inter-
mittent, abrupt changes or slow variations in picture bright-
ness. The presence of long time distortions may also cause
flicker in the received picture.

Long Time Distortions

Long time distortions of a television signal are those that
occur fairly slowly, and which the eye can easily perceive
as changes in picture brightness or flicker. Long time dis-
tortions can be introduced into a system either from an ex-
ternal source, or by inadequacies in the equipment itself.
If a video amplifier cannot tolerate an abrupt change in pic-
ture brightness, this intolerance may be evident as an abrupt
dc axis shift at the point of the change, with the output level
settling back shortly thereafter. This level shift is usually
caused by the inability of the sync separator and dc restorer
to follow the variation. External sources of long time distor-
tions are power line hum and power supply ripple, and
possible dc currents being inadvertently carried in shield
conductors.

To check for the presence of long time distortions, a special
test signal is necessary. The bouncing APL signal supplied
by several Tektronix test signal generators can be used to
evaluate equipment for low frequency disturbances. Using
the waveform monitor in its direct coupled mode, the output
of the equipment being tested is viewed while it is carrying
the bouncing APL signal. A further refinement of this test-
ing procedure is the use of the DC bounce signal provided
by the Tektronix 1410 and 1910 Test Signal Generators.
The output of these generators is directly coupled to the
input of the equipment being tested, so an extremely sen-
sitive test of equipment performance results. To make this
measurement easier, a slow sweep mode is provided on
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certain 1480 series waveform monitors which gives a mea-
surement period equal to several cycles of the bounce
signal. Any vertical shift of the blanking and sync level seen
on the waveform monitor indicates the possibility of long
time distortions being introduced.

1. Observe the signal with the waveform monitor DC RE-
STORER OFF and in SLOW clamp mode. Mains hum,
if present, will be evident in a 2 field display.

2. The FAST DC RESTORER of the waveform monitor
eliminates hum on the display.




Long Time Distortions, Cont.

TEST SIGNAL GENERATOR

v IN
SYSTEM UNDER TEST

WAVEFORM MONITOR

3. Bouncing APL Signal, shown here in slow sweep mode.
Video clamping circuits are intended to maintain sync
and blanking at constant dc levels despite changes in
signal amplitude.
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4. System with poor tolerance of level shift. Observe that
several lines are required for the blanking and sync
levels to settle after a signal transition. To eliminate the
effects of the dc restorer in the waveform monitor, the
incoming signal should be direct coupled to the input.
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5. Acceptable response. Only a slight variation in sync tip
level is visible after each level change.

Field Time Distortions

Incorrect low frequency response, or the introduction of
extraneous low frequency components into the system will
result in field time distortions. If the coupling between stages
of an ac coupled video amplifier is insufficient, low frequency
roll-off will be evident in the signal. This appears as a dif-
ference in shading from the top to the bottom of the pic-
ture. Extraneous signals coupled into the television system,
most notably power supply and power line hum, will also
be seen as field time distortions, but their effect will be pre-
sent regardless of the level of the picture signal. With color
systems, in which the vertical rate is not locked to the power
line frequency, hum will become evident as a long time
distortion.

There is no adequate way to measure field time distortion
on an inservice basis. A gross check on field time distortion
while the system is operating can be made by viewing the
blanking level or sync tip, and observing any variation be-
tween the vertical blanking interval and the picture level.
This is an unsatisfactory test except for emergency trouble-
shooting. The waveform monitor DC RESTORER should
be off for these tests.

Ideally, to test low frequency response, a 60 Hz squarewave
would be used for out of service tests. Since some televi-
sion equipment requires sync pulses to operate satisfac-
torily, a special 60 Hz square wave with synchronizing
pulses is available from the Tektronix Test Signal Genera-
tors. This 60 Hz square wave is extremely sensitive to low
frequency response errors, or field time distortions.

Other similar signals, such as a window or full field bar sig-
nal, may also be used. These signals are, however, much
less sensitive to field time distortions than the 60 Hz square
wave.



1. 60 Hz modified square wave used in testing for field
time distortions.

2. Field time distortion. Notice tilt in square wave. This
check is made with the DC Restorer in the waveform
monitor turned off.

Line Time Distortions

Mid-frequency response errors account for the line time
distortions present on television signals. Line time distortion
is measured by viewing the tilt of the bar waveform on a
pulse and bar signal. This measurement can be made on
a full field or in-service basis.

In checking for line time distortion, low frequency hum and
noise may thicken the trace, making an accurate determin-
ation of the amount of distortion difficult. If this is the case,
attempt to minimize or eliminate their effect by using the
FAST DC RESTORER (clamp) to remove the low frequency
components. If this measurement is made on a full field
signal, the 15 LINE mode can be used to further reduce
hum and low frequency interference. The first and last por-

tions of the bar waveform are not considered when measur-
ing line time distortion, as the presence of any short time
distortions will disturb the leading and trailing edges of the
bar signal. The graticule supplied on current 1480 Series
Waveform Monitors is designed to assist in making mea-
surements of line time distortions.

TEST SIGNAL GENERATOR

vy IN
SYSTEM UNDER TEST

WAVEFORM MONITOR

1. The bar portion of this composite test signal may be
used to measure line time distortions.

2. 5% line time distortion indicated from off the air mea-
surement.



Short Time Distortions

Errors in high frequency response result in short time dis-
tortions. To measure these short time distortions, the pulse
and bar test signal is used, either as an in-service test or
on a full field basis. By comparing the height of the pulse
to the height of the center of the bar, the relative response
at low and high frequencies can be compared. The ratio
of the height of the pulse to the bar is a measure of the
short time distortion present. To make the comparison be-
tween pulse and bar amplitude easier, the TEKTRONIX
1480 Series of waveform monitors allows the pulse to be
“folded back’ under the bar. A small amount of high fre-
quency peaking will actually enhance the received picture
by making fine details stand out. Excessive high frequency
response, however, will introduce echoes or ghosts.

1. Composite test signal. By comparing the pulse to the
bar amplitude short time distortions can be measured.

2. Pulse height is down about 8 IRE units. This corres-
ponds to a K factor picture impairment of —2% (Kpg).
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3. The comparison of pulse to bar amplitude is simplified
by the sweep foldback feature of the TEKTRONIX 1480
Waveform Monitor.

Video Signal to Noise Ratio

Noise components on a video signal, if sufficiently large,
will degrade the received picture. One objective in system
operation, therefore, is to keep these noise components
to an absolute minimum. This task is complicated by the
fact that each piece of equipment that the signal passes
through adds its own little bit of noise to the video signal.
System noise is measured and expressed as a ratio be-
tween the normal picture signal level, 714 mv, and the rms
amplitude of the noise component contained on the signal.
This ratio is usually expressed in decibels. The TEKTRONIX
1430 Random Noise Measuring Set provides facilities for
measuring random noise. Because of the response
characteristic of the human eye, certain noise frequencies
are perceived to cause greater degradation in the viewed
picture. To compensate for this visual responsibility
characteristic, a weighting filter is used to correlate elec-
trical noise to visually perceived picture degradation.

TEST SIGNAL GENERATOR

Y
SYSTEM UNDER TEST

Y
SIGNAL TO NOISE TEST SET

Y
WAVEFORM MONITOR




RANDOM WOILE MEASURING 85T

1430 Random Noise Measuring Set.

Signal to noise measurements using the TEKTRONIX 1430
are made by comparing the signal noise level to a cali-
brated noise source in the test set. This method is simple
to use, accurate, and can be used either in-service or full
field.

Many times, the exact signal to noise ratio of a system is
not important. Rather, itis merely specified as being greater
than or less than some particular figure. If you are compar-
ing to such a specification, set the noise test set to insert
this specified noise level, and then simply compare the in-
serted noise to the signal noise. If the inserted noise is
greater than the system noise, the equipment meets or ex-
ceeds the spec. This procedure is a great time saver.

1. In noise measurement, a pedestal signal with noise is
inserted by the noise measuring set. By adjusting the
pedestal amplitude and noise level to match the video
signal noise level, the system noise is measured.
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2. Vertical gain expanded, inserted pedestal adjusted to

same level as video signal being measured.

3. Adjustment of noise generator to match noise on signal.
When the two signal cannot be differentiated visually,
the dials of the noise generator are read to determine
relative signal to noise ratio. In this case, SNR = - 52 dB.




Chrominance to Luminance Gain

The luminance and chrominance components of a color
television signal should be transferred through a system
with their relative amplitudes undistorted. If either signal
is attenuated with respect to the other, a relative chroma
level error is present which will affect the saturation of the
reproduced picture. To measure relative chroma level, or
chrominance to luminance gain inequality, a modulated
12.5 T pulse is used. This signal consists of equal peak
amplitudes of luminance and chrominance, and is usually
transmitted as a part of a composite test signal.

To measure chrominance to luminance gain, set the wave-
form monitor so that the modulated pulse amplitude goes
from blanking to the 100 IRE level. If only a gain inequality
is present, the baseline of the pulse will describe a contin-
uous curve. By taking the peak amplitude of this curve and
plotting it against the vertical axis of the nomogram in figure
3A, the chrominance to luminance gain inequality, or rela-
tive chroma level can be determined.

Chrominance to Luminance Delay

At the time of signal origination, the luminance and chromin-
ance components of the television signal are correctly timed
with respect to one another. If any delay is introduced in
one component without an equal delay being introduced
to the other, when the signal gets to a picture monitor the
luminance and chrominance of the picture will be misregis-
tered. This is most often noticed on red letters smeared to
the right into a white or neutral background, or the misre-
gistration may be so bad as to make the received picture
appear to have color ghosts.

120
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1. Modulated 12.5 T pulse used to meaure chrominance
to luminance gain and delay, here shown as part of a
composite test signal.
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To measure this delay, the modulated 12.5 T pulse is used.
Position the test signal as described for relative chroma
gain measurements, and observe the baseline of the wave-
form. A sinusoidal shape on the baseline of the pulse indi-
cates the presence of chrominance to luminance delay.
Measure the peak to peak excursions of the sinusoid, and
plot these values on the nomograph shown in figure 3A.
The intersection of these points will indicate the chrominance
to luminance delay.

2. Undistorted modulated 12.5 T pulse.

3. Modulated 12.5 T pulse from off the air feed. Pulse amp-
litude is first set to 100 IRE. Any abberation in the base-
line indicates either C/L gain or delay distortion. The
distortion can be evaluated by measuring the baseline
disturbances and applying these values to the nomo-
gram shown in figure 3A. In this photo, the baseline
deviates to — 5 IRE and + 10 IRE. From the nomogram,
chroma gain is —0.8 dB relative to luminance gain,
and chroma is 140 nanoseconds ahead of luminance.



Y2 OR YI

MODULATED SIN? PULSE APPLICATION NOMOGRAPH

25T 157 usec h.ad. FOR 525/60 STANDARDS
e‘)
N egvv g
X . _

-0 & ' \

v ©. ’ .

,L')Q \ \ -6 dB
&
X W ] -5 dB
\& : 4 d8
-20 \ b & \\ AL
-2 dB

dB

CHROMA/LUMINANCE GAIN

100

-50
O

23

! HROMA v /\
Cuﬂomo:cuv \ ¢ “Poosnn?:“
POSITIVE \ J \
[J\ \> 0 _“’/J\ [ |
"o o ! i v i) y \7f
Yo Ya L
—dB +dB
100
100 - . \
e o:n" ™\ c»a:E«GA"'?ItELAv /
NEGATIVE \ /
[\ /
J \ o - ‘ g
Yo (-) * f RN l
+6 dB g ) rl
+10 +20 +30 +40 +50
Y1 OR Y2
Figure 2.




Nonlinear Distortions

The preceding measurements have been of distortions
which are independent of the signal amplitude. If a signal
distortion changes with variations in the average or instan-
taneous picture level, it is said to be a nonlinear distortion.
The following measurements are all nonlinear distortions.

Since nonlinear distortions depend on the Average Picture
Level of the signal, measurements of these distortions should
be made at several different APL settings to properly eval-
uate system performance. In most cases, measurements
of nonlinear distortions are made at average picture levels
of 10%, 50% and 90%.

TR r——
GRAT. A
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1. The stairstep or modulated stairstep is used for measur-
ing luminance non-linear distortion.

2. After passing through the stairstep differentiator and
chrominance filter, the CRT display shows spikes in
proportion to the amplitude of the stairstep risers.
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Luminance Nonlinear Distortion

If the gain or response of a system varies as the signal level
changes from blanking to white, then a nonlinear gain dis-
tortion is present. If this manifests itself in the luminance
channel, it is luminance nonlinear distortion. To measure
luminance non-linear distortion, the staircase signal is con-
nected to the waveform monitor. The signal is passed
through a differentiator to provide an indication of each
riser amplitude. The tallest spike is set to 100 IRE, and the
distortion is evaluated by observing the amplitude of the
shortest riser.

The TEKTRONIX 1480 Waveform Monitors provide a built
in differentiator to facilitate this measurement.

3. The staircase of the composite test signal may also be
used for this measurement.

4. Off-air signal showing luminance non-linear distortion.
The tallest spike is set to 100 units, and the shortest
spike pictured is down 20 units from 100.



Differential Gain

Differential gain, or as it is more correctly described, dif-
ferential chroma gain, is a difference in amplitude response
at the color sub-carrier frequency as the signal level changes.
The value of differential gain may change as the average
picture level or brightness changes, so several measure-
ments of this distortion are necessary to fully evaluate the
system response. The test signal used for differential gain
measurements is the staircase signal with chroma added
to the risers. Any difference in the amplitude of the chromin-
ance component after transmission is differential gain. This
parameter can be measured either in service or on a full
field basis. To make the measurement, apply the test signal
to the equipment to be tested, and monitor the output sig-
nal on the waveform monitor. Pass the signal through the
chroma bandpass filter in the waveform monitor. Adjust
the venrtical sensitivity until the largest chroma envelope is
100 IRE peak. The difference in amplitude between this
step and the smallest step displayed is a measure of the
differential chroma gain. For out of service testing, this mea-
surement is also made at 10% and 90% Average Picture
Level to simulate the range of possible transmission para-
meters.

A vectorscope can also be used for measuring differential
gain. The characteristics of the TEKTRONIX 520A Vector-
scope allow measurements of differential gain distortion
as small as 1%.

1. The modulated stairstep is used to measure differential
chroma gain.
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2. Off-air signal viewed with waveform monitor chroma
bandbass filter.

3. Signal expanded so that largest burst packet is 100 IRE
peak. The amplitude difference between 100 and the
smallest step is the amount of differential gain. Shown
here, DG =21%.



Differential Phase The TEKTRONIX 520A Vectorscope provides more ac-
curate measurement of differential phase through the use

If the phase of the color subcarrier changes as a result of ! i e
of specially designed circuitry.

changes in the amplitude of the luminance signal, this dis-
tortion is known as differential phase. Differential phase is

measured by using a stairstep signal with constant ampli- TO IRCL
tude chrominance added to the stairstep risers. Viewing —_— S
the subcarrier signal on a vectorscope, any phase difference SIS OVE RS s o e ) |

between the chrominance on the steps indicates differential
phase. The difference, in degrees, between the two steps
which are farthest apart is a measure of the differential phase.

3. Depressing the DIFFerential PHASE button, the stair-
case chroma is positioned so that the reference point
is on the 0° scale division. The peak of the signal cor-

1. The modulated staircase is used to evaluate differential responds to the differential phase error. In this photo,
phase. As generated, the chrominance on the staircase differential phase equals about 3°.
is equal in phase and amplitude.

2. Viewed on a vectorscope in the VECTOR mode, the
Staircase chrominance component is positioned to the
0°-180° axis, and the gain is adjusted to place the stair-
case chroma at the perimeter of the circle.
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4. For greater accuracy in differential phase measure-
ment, the double trace technique can be used. In this
mode, the signal is set up as before, and the CALIBRATED
PHASE shifter is set to 0. The CHannel A or CHannel
B PHASE control, as appropriate, is adjusted so that
the reference step signals are overlaid.
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There's no FCC specification for differential phase per se,
but the phase error of saturated color bars must be less
than + 10 degrees. More conservative values of differen-
tial phase are well within the state of the art, so a tighter
specification for your facility might be appropriate.

5. The CALIBRATED PHASE control is then adjusted to
overlay the step being measured. The CALIBRATED
PHASE dial now indicates the differential phase pre-
sent. This method allows differential phase distortion as
small as 0.1° to be measured.

CALIBRATED
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Automated Measurements

Advances in digital electronics now make it possible for all
of the previously identified video measurements to be
made automatically. A system such as the Tektronix 1980
ANSWER Automatic Measurement Set can make one or
more requested measurements and be programmed to
take specific actions based on the results of those measure-
ments. These actions may be to simply print all measured
values, or to compare those values to preset tolerances
and to print only those values outside those tolerances.
Where documentation of measurement results is desired,
a formatted list of results can be printed automatically as
illustrated in figure 3.

Figure 3. A report log can be kept to track equipment performance
degradation for preventative maintenance purposes.

1910 DIGITAL GENERATOR @~

The Tektronix 1910 Digital Test Signal Generator can be
controlled from the 1980 ANSWER for more automation
in a measurement system. The 1980 ANSWER can be pro-
grammed to select the desired test signal on the 1910
Generator, and then to measure that signal after it has
passed through the device or system under test as illus-
trated in figure 4. A central controller could also be added
along with an RF spectrum analyzer and audio equipment
to create a system which will automatically make baseband
video, RF and audio measurements on a television system.

r—=="A
PRINTER 1980 ! |
l |
I |
CONTROL | |
INTERFACE | |
1910 VIDEO TEST i I
SIGNAL | SYSTEM |
UNDER l
| “rest
L _
Figure 4. A closed loop automated measurement system for baseboard
video.
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RF TV BROADCAST MEASUREMENTS
USING THE SPECTRUM ANALYZER

By
Clifford B. Schrock

I. Introduction

IIl. Visual Transmitter
Sideband response, out-of-service
Sideband response, low level in-service
Sideband response, keyed in VIT interval
Swept-differential gain
Peak to peak variations due to noise, hum,
and field rate distortions
Harmonic and im distortions
Modulation monitor calibration
ll. Aural
A. Response
B. AM Noise
C. FM Noise
D. Modulation monitor calibration
IV. Combined
A. Effective power ratios between — 10 and
-20%
B. Pattern
C. Out of band spurs and 920 kHz problem
D. Antenna, filter, coupler evaluation
V. Miscellaneous Tests
VI. Satellite Measurements
Portions of this section are taken from a Broadcast
Engineering article written by Archie Brusch, Assis-
tant Chief Engineer, KATU (TV), Portland. Reprinted
courtesy of Broadcast Engineering magazine.

moow>»

om

Tektronix spectrum analyzer, sideband analyzer combine to make
an excellent alignment transmitter tool.

|. Introduction

The modern television plant consists of two distinct sectors;
the baseband and the rf, or perhaps the studio and the
transmitter.

Baseband measurement techniques are characterized
with very precise timing, perfectly shaped pulses, and ac-
curate amplitudes. Animpressive array of specialized test
equipment exists; monitors, vectorscopes, and waveform
monitors.

Itis a surprise, to say the least, when most studio engineers
see the waveform of a TV signal for the first time after it
passes through a transmitter and demodulator. The
transmitting of the TV signal within the vestigial sideband
system is still quite a mystery to most of us, perhaps
because of the inevitable discrepancies that exist between
what should happen in theory and what does happen in
real life.

The area of rf test equipment is also a mystery in that we
are often not certain if the test equipment isn't compound-
ing the problem by lying a little.

A modern spectrum analyzer, with its displays of fre-
quency related information, can remove much of the
mystery.

The transmitter test series presented here is performed
with the Tektronix 7L12 Spectrum Analyzer covering 100
kHz-1800 MHz and offering 300 Hz resolution bandwidth
— very suitable for broadcast work. Tektronix also offers
two other spectrum analyzers with somewhat higher per-
formance than the 7L12. The 7L 14 provides 1 Hz-1800
MHz range, 30 Hz resolution bandwidth and greater sen-
sitivity — useful, for instance, on accurate measurement
of residual FM on an unmodulated carrier, detection of
power-related sidebands, measurements in the audio
spectrum, and measurement of weak interfering signals.
The Tek 496 provides similar performance to the 7L 14,
and also features easy-to-use three knob operation and
rugged portability.

The Satellite measurement section is illustrated using the
Tek 492 Spectrum Analyzer, which covers 50 kHz through
satellite K-band, and even higher with optional external
waveguide mixers. The 492 is of the same portable con-
figuration as the 496. When you might otherwise have to
purchase two analyzers to cover transmitter and satellite
measurements, the 492 makes them all. If you already own
a 7000 Series Mainframe, the 1.5-60 GHz 7L18 plug-in
Spectrum Analyzer may also make your satellite band
measurements.



Which ever analyzer is used to make transmitter tests, a
demodulator is not needed since all measurements are
performed directly on rf carriers. Both visual and aural test
procedures are included in the following text.

Il. Visual Transmitter

A. Sideband Response, Out-of-Service

Traditionally, sideband response measurements have
been performed as out-of-service measurements to
facilitate tuning and verification of the transmitter and
associated vsb filter assemblies. [§73.687 (a)). The test
signal consists of a sweeping signal broken by sync
pulses, or H rate pulses. The sweeping signal goes from
close to 0 MHz to beyond the bandpass of the transmit-
ter (typically 6 MHz or more).

The difficult part of sideband analysis is the receiver. A
simple diode detector won’t work. Instead a tracking
receiver must be used to differentiate between the upper
and lower sidebands. Here, the spectrum analyzer is a
natural answer, since it is in fact a high quality sweeping
receiver. Modern spectrum analyzers, such as the
TEKTRONIX 7L12, can tune across the entire TV spectrum
from video through vhf and beyond the highest uhf sta-
tions used commercially in the world today. In addition to
alinear display, the spectrum analyzer can display in LOG
modes; 2 dB/div being excellent for flatness checks, and
10 dB/div permitting roll-off and lower sideband evalua-
tion in excess of 70 dB down.

The TEKTRONIX 1405 Sideband Analyzer Adapter works
in conjuction with the spectrum analyzer and provides
many of the extra features such as crystal markers and
calibrated APL and output controls to make the combina-
tion one of the most powerful sideband analyzers
available.

Any number of possibilities exist for performing sideband
analysis out of service. For transmitter tuning, it is desirable
to set up the sideband analyzer feeding the input to the
transmitter directly ®, and connecting the input of the
spectrum analyzer at the output of the vsb filter © . Other
intermediate points can also be probed such as the trans-
mitter if, transmitter output before the vsb filter © , after
the diplexer ®, or even off-the-air using a dipole ®.
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Figure 1. Typical station layout showing test points.
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Once the transmitter has been correctly set up, you may
wish to move the sideband analyzer system to the studio
so that, by using a test antenna, the entire loop (including
the microwave link and transmitting antenna) can be
verified.

Procedure for In-Service Sideband Analysis

1. Calibrate the 7L12 Spectrum Analyzer as described in
the Owners Manual.

2. Connect the 1405 Sideband Analyzer to the 7L12 and
temporarily connect a BNC to BNC jumper from the
output of the 1405 to the input of the spectrum
analyzer.

3. Tune both units to zero and verify that the 1405 is work-
ing correctly by noting a flat response curve from 0
MHz to at least 15 MHz.

4. Make sure that the internal sync on the 1405 is switch-
ed ON, and connect the unit to the transmitter input @).
Generally this can be accomplished through the video
patch panel. *See notes for special cases and interna-
tional standards.

5. Connect the spectrum analyzer to an rf test point after
the vsb filter.

—CAUTION—
CARE SHOULD BE EXERCISED TO KEEP THE
POWER LEVEL INTO THE ANALYZER LOW. ANY
OFF-SCREEN SIGNAL CAN DAMAGE THE SPEC-
TRUM ANALYZER. EXTERNAL PADS SHOULD BE
USED IF THE INTERNAL ATTENUATOR CANNOT
REDUCE SIGNALS TO AN ON-SCREEN CONDITION.

6. Tune the spectrum analyzer in 10 dB/div, 5 MHz/div,
until the station carrier is centered upon the screen.
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Figure 2. Idealized NTSC color transmitter response.
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Figure 3. Sideband Analyzer response at baseband.

. Tune the sideband analyzer until the display floor on
the spectrum analyzer suddenly rises to indicate the
response shape of the TV transmitter. Reduce the span
to 2 or 1 MHz/div and rock the FINE control on the side-
band analyzer to keep the two units tracking (indicated
by maximum amplitude response). A properly adjusted
transmitter will appear as in Figures 4 and 5.

. Select 2 dB/div to verify the flatness from —0.75 to
+4.2 MHz. You should obtain a display similar to
Figure 6.

. Intensity markers can be used by connecting a cable
from the z-axis output of the 1405 to the z-axis of the
mainframe,
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Figure 4. Transmitter response at 2 MHz/div and 10 dB/div.
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Figure 5. Lower sideband and 3.58 trap tuning.

248/ < +20d8#

Roll-Off

Figure 6. Transmitter response at 2 dB/div (Note response rolloff
of about 2 dB).

*NOTES: For foreign standards where the internal sync rate
of 15.75 kHz will not work, or in cases where the transmitter
must see vertical or full NTSC sync, sideband analysis can
be performed by adding the sideband analyzer cw signal
to a studio or generalor test signal as shown in Figure 6.
The 1405 internal sync can be defeated with the panel
switch. Although not necessary, blanking can be supplied
to the 1405 to remove the swept signal during the sync in-
terval. When the 1405 is added to composite sync as
shown in Figure 8, the transmitter input gain control will
have to be increased to make up combining losses of
6 dB (50%).
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Figure 7. Response with and without 4.2 MHz Filter (Note
serrations due to filter).
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Figure 8. Combining CW signal with test generator for special
tests (See text).

B. Sideband Response, In-Service Using
Low Level Techniques

With remote control transmitters and longer transmitting
days, it is desirable to check sideband response more
often than once before sign-on. Two common in-service
techniques are possible with the 1405. One 1s the inser-
tion of the sideband analyzer signal into the Vertical Inter-
val (described in Section C), and the other is the low level
sweep, described below.

The low level sweep is attractive because of its simplicity
and real time adjustment capabilities. The sweeping signal
is combined directly with the TV picture using a resistive
combiner so that the sweeping signal is down 30 to 40 dB
(or more) below the picture information. Because of the low
signal level and repetition rates, interference from in-
service testing by this technique is only perceptible to the
trained observer. If the station uses the technique for a few
sweeps, at different times during the day, or perhaps after
a final change tor a short period of tme, the average
customer will not detect the sweeping signals superimposed
on the TV signal.

The intentional addition of the swept signal to the picture
information might be interpreted by some as illegal
[§73.682 (a21)] especially since no information is permit-
ted on sync information. However, part (a16) of the same
section states that carrier-to-noise and other effects can be
up to 5%. This is equivalent to 8 IRE units. We recommend
that the sweeping signal be inserted with 2 or 3 IRE units,
well within the tolerance of this rule.

This in-service technique can be used from the studio, to
verify not only the transmitter, but also the stl, processors,
and antenna performance.

Procedure for In-Service Testing

1. Prepare a test point where the swept signal can be
inserted. This can be a simple T as shown in Figure 9
(supplied with the 1405). Make sure that the internal
sync on the 1405 is switched OFF, APL set to 0, and
the AMPL control is set to 10 IRE. Amplitude settings
between 10 and 20 (equivalent to 1 and 2 IRE thru the
insertion T) will give the most satisfactory results with
minimum picture impairment.

r——— - -
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Figure 9. Insertion ‘T’ for in-service low level testing.
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Figure 10. Typical TV channel with picture and color carriers.
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2. Connect the 1405 to the test point, and while watching
an off-air color monitor to insure that there is no inter-
ference, tune the COARSE TUNING control until the
baseline raises. It should be possible to use the FINE
control to tune for maximum upward deflection of the
display.

3. Connect the spectrum analyzer to an rf test point and
carefully tune in the picture carrier at 10 dB/div, 1 or 2
MHz/div and 30 kHz RESOLUTION.

4. By using the VIDEQO FILTERS on the spectrum analyzer
it should be possible to obtain a display similar to Figure
11.

1048/ #+10d3m

Figure 11. In-Service low level sideband response.

5. Approximately 10 dB more range and finer resolution
can be obtained with 3 kHz RESOLUTION. The fine
tuning control will be more critical and tend to drift
unless both instruments are completely warmed up.
Displays similar to Figure 12 should be obtained.

6. The 2 dB/div mode can also be used to check the
flatness (Figure 13).
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Figure 12. Low level sideband response using 3 kHz resolution
bandwidth.

Figure 13. Low level sideband response at 2 dB/div.

C. In-Service Sideband Response Using the
Vertical Interval

Another in-service technique uses the swept signal, in-
serted on one line in the Vertical Interval. This technique
has an advantage in that it can be used continuously dur-
ing the day with no picture interference, however, a
storage oscilloscope is required to recover the swent
display. In addition, the display is not real time. Up to 30
seconds is required after an adjustment to visually verify
the resuilt.

The main advantages of this technique are that very fine
resolution and accuracy can be obtained continually on
an in-service basis.



A number of lines in the VIT area can be used for the
sweeping signal {§73.682 (a16)]. Line 18, field 2 is
sometimes available, and line 20, both fields is also often
empty.

The theory of this technique should be understood before
attempting to use the procedure. Different VITS insertion
devices can be used, other than those shown in the pro-
cedure, provided that the same keying can be
accomplished.

The spectrum analyzer will receive all the normal picture
information, however, the z-axis (intensity) is only turned
on during the single line sweep.

Procedure

1. Set up the equipment as shown in Figure 14. Good
results can be obtained without the 1480 Waveform
Monitor if the intensity on the spectrum analyzer is
carefully set.

— —

§ —
I Spectrum l "

1405 TV Analyzer

Sideband Analyzer

Blanking 2-Axis B
In RF
Ext In
147A Generator Y VIT [ ]

| (VIT Inserter) | In L 1480 ~
— 1T - —’

Waveform
Monitor

L Line
Strobe
T - Out L J
| Video v
L | L> Transmitter

Figure 14. Sideband Analyzer connections for VIT insertion.

2. Verify with the 1480 (or another waveform monitor) that
the sweep signal is inserted on the correct line, and the
APL and AMPL controls work correctly.

Authors Notes

If the remote transmitter site is located more than a few
miles from the studio, loop delay can be significant, and
the z-axis keying of the spectrum analyzer may be in
error by 1 or more horizontal lines. A number of techniques
can be used to compensate for the delay. A keying signal
obtained from off-air demod tuned to the station will pro-
vide a pulse at the correct time. It is also possible to tap
into the same generator used for inserting the sweep so
that a stroke 1 or more lines delayed from the insertion
sweep is obtained.

The use of the VIT in-service test is very effective, however,
athorough understanding of the procedure and delay pro-
blems will be required to set the systems up for the first
time.

Figure 15. Waveform Monitor Display of VIT interval including
sideband envelope.

3. The spectrum analyzer should be tuned to the picture
carrier with 1 MHz/div, 300 kHz resolution, and 10
dB/div.

4. Using the storage mode on the spectrum analyzer and
a slow sweep speed (approximately V2 sec/div) careful-
ly tune the sideband analyzer (1405) for maximum up-
ward deflection of the response curve (Figure 16).
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Figure 16. Sideband response using VIT insertion.

5. This procedure can be used at the studio location, by
using a roof-top high-gain antenna to receive the rf for
the spectrum analyzer. On long stl’s some delay will
occur, and can be compensated for with the fine tun-
ing control on the 1405.

6. The intensity markers will work normally with this
technique.



D. Swept Differential Gain Measurements
on the Television Transmitter

A variety of methods exist at baseband for making differen-
tial gain measurements, however, the following technique
uses the rf swept signal of the sideband analyzer. This
makes it possible to check gain changes with frequency
across the passband of the transmitter.

The TV transmitter, being a very high powered, am
transmitter, often tends to exhibit a very sloppy differen-
tial gain characteristic. A “linearizer’” function is generally
included to correct most gain effects, however, effects
related to frequency remain. The technique described
below shows a typical transmitter characteristic with and
without the “linearizer” function. Although most of the gain
slewing with input APL is controlled, the effects relative to
frequency remain.

The TEKTRONIX 1405 TV Sideband Adapter has
calibrated steps from 0 to 100 IRE and 0 to 100% swept
signal to permit accurate evaluation of the differential gain
problem.

Procedure for Swept Differential Gain Measurement

1. Set up the sideband analyzer and spectrum analyzer
for normal out-of-service testing (Procedure A).

2. With all processing defeated and the transmitter
“linearizer’’ OFF, sweep the transmitter using a 20%
AMPL signal with an APL of 10 and 90 IRE. A display
similar to Figure 17 will be typical. You may wish to do
a series of sweeps from 10 to 90 IRE to determine how
the transmitter responds at intermediate levels.
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Figure 17. Transmitter variations with 10 and 90 IRE test sweeps.
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3. With the “linearizer'’ or other processing equipment,
repeat the sweep tests for levels of 10 and 90 IRE. The
display in Figure 18 is typical. Note the response
changes with APL.

+10d8m
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Figure 18. Transmitter differential gain display for 20% amplitude
0 and 100 |IRE test sweeps.

E. Variations Due to Noise, Hum, and Field
Rate Distortion [§73.682(16)]

The contribution of no'se, hum, and field rate distortions
by the transmitter or transmitting system is often in ques-
tion. These parameters can be measured with a
demodulator and waveform monitor to some extent, but
the question of contribution of the noise in the test equip-
ment, or the clamping of hum and field rate distortions
always arises.

The spectrum analyzer can be used directly at rf to
measure signal-to-noise ratio, and can also be used in zero
span (as a receiver dc coupled to a display) to measure
hum and low frequency related distortions.

The signal-to-noise ratio measuring technique described
will display the noise related to frequency. This aids tre-
menaously in diagnosing noise problems since we can
readity determine whether the noise has a pre-emphasis
type characteristic centered about the picture carrier,
which may indicate a microwave problem, or extends
beyond the lower sideband limits indicating a high level
parasitic problem.



Procedure for Measuring Noise, Hum, and Field

Rate Distortion

1. Set up the spectrum analyzer at an rf test point or test
dipole and tune in the picture carrier at 10 dB/div, 1
MHz/div, using a 300 kHz RESOLUTION. Reduce the
input attenuator on the spectrum analyzer so that the
picture carrier is within the top graticule blocks as
shown in Figure 19
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Figure 19. Spectrum Analyzer display of TV signal.

2. Disable or immobilize any automatic gain circuits or
closed loop connection systems.

3. Disconnect the transmitter input momentarily, and
using the 300 Hz VIDEO FILTER and a slow sweep
speed, a display similar to Figure 20 shou!d be
observed.

—CAUTION—
MOST TRANSMITTERS CAN ONLY REMAIN IN A
NO-SIGNAL CONDITION FOR A SHORT PERIOD OF
TIME SO THIS PORTION OF THE TEST MUST BE
PERFORMED RAPIDLY.

4. Signal to noise ratio is calculated by measuring from
the peak of the picture carrier {Figure 19) to the
average noise floor (Figure 20). To obtain a ratio that
can be correlated to video measurements, subtract a
correction factor for bandwidth, modulation, syne, and
log effects of the spectrum analyzer. The total correc-
tion factor is 14.7 dB.

S/N 4.0 MHz = S/N measured — 14.7 dB correction
factor.
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Figure 20. Display of Noise Measurement.

5. Tomeasure hum and field rate distortion (tilt), tune the
picture carrier at 3 MHz RESOLUTION, ZERO SPAN
and fine tune for maximum upward deflection.

6. Using the VAR IF gain control, adjust until the picture
sync tips are just touching the top graticule line. Then
switch to LIN mode. You should have a display similar
to Figure 21.

7. Both hum and field rate distortion are measured as a
percertage of full screen as shown in Figure 21.

NOTE: Signal to noise and hum can be measured on any
part of the transmitting chain from the studio through the
stl and processing equipment.

. PP Variation
asiPercent

Figure 21. Linear display of TV Waveform for hum and field time
distortion measurements.
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F. Harmonic and Intermodulation
Distortions

While there are no actual standards set up for U.S., NTSC
transmitters concerning harmonic (second) and inter-
modulation (second and third) distortions, many things can
be learned about a transmitting system by performing
some of these tests. Certain international organizations as
well as the U.S. cable television rules recognize that distor-
tions less than 36 to 46 dB down from the visual carrier can
become visible in the TV picture. Related or coherent
forms of distortion tend to cause only shadow or halo
effects, or a slight loss of definition in the picture, while
noncoherent sum and differences beats (such as sound-
color difference) tend to cause bars or moire’ type inter-
ference.

The two-tone test recommended below is easy to set up
and interpret although there are many other variations
possible such as three-tone, or multi-tone tests. Many dif-
ferent points in the studio transmitter chain can be checked
to pinpoint problem areas. Baseband and microwave
equipment can be checked by tuning the spectrum
analyzer to zero. If modulated transmitters should be
checked both at the if, then the rf test points.

Transmitters should also be checked for spurious products
at the diplexer output and off-the-air. (These two tests are
covered separately in Part IV Step C.)

Procedure for Distortion Tests

1. Combine two cw sinewave generators (1 MHzand 1.4
MHz) through a resistive combiner as shown in Figure
22.

\
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Figure 22. Combining two CW Sinewave Generators for distortion
tests.

2. Use the spectrum analyzer, tuned to the baseband to
verify the harmonics of the two generators and note
these levels. Harmonics ideally should be down further
than 50 dB.

3. Insert the test signals into the transmitter and set the
level to indicate 80 to 90% on the modulation monitor.
Resetting the transmitter bias to mid-range may be
necessary before the transmitter will accept sine wave
signals.
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4. Note the second and third order components when the
spectrum analyzer is tuned to the picture carrier (Figure
23). Different modulation levels from 10 to 90% can be
tested. Figure 24 shows all the components commonly
generated in this test.

—CAUTION—

EXTRA CARE MUST BE EXERCISED TO KEEP THE
TRANSMITTER WITHIN ITS OPERATING LIMITS
DURING SINE-WAVE TESTING.
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Figure 23. Distortion measurements on the Spectrum Analyzer.
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Figure 24. Second and third order components from 1 and 1.4
MHz test signal.



G. Modulation Monitor Calibration

Accurate determination of modulation percentage is an
important part of the transmitter engineer’s duty. Tradi-
tionally, either the modulation envelope was monitored
(requiring an oscilloscope with a bandwidth close to the
transmitting frequency) or more typically, a chopper pulse
is used with a diode detector or demodulator and
waveform monitor.

The spectrum analyzer, in zero span, is an accurate
receiver, DC coupled and calibrated in the LINEAR mode
with the baseline representing the ZEROQ carrier reference
point. No chopper pulse is required.

Procedure for Modulation Measurements

1. Connect the spectrum analyzer to an rf test point on the
transmitter and tune the picture carrier at 3 MHz
RESOLUTION, ZERO span. Fine tune for maximum
upward deflection.

2. Use the VAR IF gain control to position the sync tips
within the top graticule lines, then switch to the LIN
mode. When the sync tips are adjusted with the VAR
IF gain control to just touch the top graticule line, the
picture ‘white’ should not fall within the bottom row of
graticule squares. With this setup, the bottom graticule
line is the zero carrier reference and 87.5% modulation
(100 IRE) should appear as in Figure 25.

Sync
(2 Divisions)

877%% Modulation
{ (7 Divisions)

Figure 25. Modulation adjustments using the Spectrum Analyzer.

Ill. Aural

For many TV stations, the aural transmitter is just a black
box sitting back in the corner receiving attention (perhaps
a kick now and again) only when it quits working. The aural
transmitter is capable of performance approaching that of
a commercial fm service and should receive at least a
minimum of attention.

All initial aural proof measurements are theoretically
possible using spectrum analysis, however, most TV sta-
tions will not have the luxury of both an audio and an rf
spectrum analyzer, so we will only cover those measure-
ments possible with an rf analyzer such as the 7L12.

A. Response Measurements

The TV transmitter uses a 75 us pre-emphasis curve as
shown in Figure 26. Any deviations from this curve will ap-
pear as frequency response variations. The spectrum
analyzer can be used as a modulation indicator for the 25,
50, 85, and 100% response tests and a gain set attenuator
is used to accurately determine the deviations from the
pre-emphasis curve.
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Figure 26. Standard 75.s pre-emphasis on the Spectrum Analyzer.



The spectrum analyzer should be carefully calibrated. If
available, use a signal generator modulated with 20 kHz
to verify the accuracy of the narrower calibrated spans.

Modulate the aural transmitter with a 1,000 Hz tone
through a 6009 step attenuator to indicate a carrier devia-
tion horizontally of 50 kHz using the 300 kHz RESOLU-
TION BANDWIDTH as indicated in the LIN mode on the
spectrum analyzer (Figure 27). The 1000 Hz point is the
zero reference on the step attenuator. Perform tests for
the frequencies of 50, 100, 400, 1000, 5000, 5500, and
10,000 Hz, noting the deviation on the step attenuator from
the zero reference established for the 1000 Hz tone. Devia-
tions from the 75 us pre-emphasis curve (Figure 26) in-
dicate frequency response variations. These tests can also
be performed for 25% modulation, using 12.5 kHz devia-
tion on the spectrum analyzer, 50% modulation (25 kHz),
and 85% modulation (42.5 kHz).
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Figure 27. Measuring FM deviation on the Spectrum Analyzer (5 divi-
sions equals 50 kHz).

B. AM Noise

Am noise occurs in two manners in the fm transmitter. It
can occur in the lower level stages and appear around the
unmodulated carrier much as it occurs in the visual
transmitter. It can also appear as an effect of improper tun-
ing of the transmitter or antenna system.

Procedures for accurate tuning of the final stages of the
transmitter are presented below, since this will determine
the best am noise performance.

Check the residual am noise by tuning to the unmodulated
AURAL carrier using 10 dB/div and a 3 kHz RESOLUTION.
Using the 300 Hz VIDEO FILTER, note any humps in the
noise floor around the carrier indicating noisy low level
stages in the transmitter as shown in Figure 28.

Figure 28. AM noise on Aural Transmitter due to low level stages.

Then modulate the transmitter to 100% using a low fre-
quency of 50 or 60 Hz. Using the ZERO SPAN mode and
300 kHz RESOLUTION, note any modulation components
on the carrier tip as shown in Figure 29. Amplitude
modulation components can be minimized by tuning the
final and any transmission line traps to be completely flat
across the 30 kHz bandpass of the aural channel.

AM Noise ;
Modulatiory
Percentage of
Full Screen.j

PR e

Figure 29. AM noise on Aural Transmitter from improper tuning.



C. FM Noise

Fm noise is simply a measure of the residual fm noise
remaining with no modulation present. Due to the pre-
emphasis curve employed with fm transmission, the lower
frequency noise will have the greatest effect upon
reception.

Fm noise is measured with no modulation on the trans-
mitter, by using the spectrum analyzer in a narrow
RESOLUTION and SPAN and noting any horizontal
(frequency) jitter of the fm as shown in Figure 30. This jitter,
if detected can be related as a percentage of the 100%
modaulation limit of the aural transmitter.

Figure 30. FM noise on Aural Transmitter.

D. Modulation Monitor Calibration

Two techniques can be employed using the spectrum
analyzer, to verify the calibration of the aural modulation
monitor.

The Bessel Null technigue is the most accurate, wherein
a specific frequency (10.396 kHz for 25 kHz deviation) will
cause a distinctive and undisputable null at 100% modula-
tion. (Figure 31). The 1405 TV Sideband Adapter contains
a convenient crystal-derived source for calibrating the
100% modulation point.

An alternate technique described in the response
measurement section (lIl A) uses the calibrated SPAN/DIV
function of the spectrum analyzer to verify any modulation
percentage desired. This can also be a very accurate
technique.
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Figure 31. Bessel Null technique of determining 100% modulation.

IV. Combined

Many parameters can change significantly when the aural
and visual transmitters are combined in the diplexer. Tests
should be performed both at a test point after the diplexer,
and off-the-air to verity the condition of the signals as
actually received by the customer.

Sideband analysis, as discussed, can be performed with
a test dipole. Because of the narrow bandwidth, the
spectrum analyzer will display the sideband response
while the sound carrier is present. Other parameters such
as power ratios, field strength, and spurious responses
should also be checked off-the-air to insure the best pic-
tures possible, and compliance with the FCC standards.

Off-the-air tests are best performed with some form of a
calibrated dipole of known performance. These can be
purchased commercially or you may wish to construct one
as shown in Figure 33.



A. Effective Power Ratios

The FCC states that the effective power ratio of the sound
carrier shall be —10 to —20% (-7 to — 10 dB) of the
visual carrier [§73.682(a15)). This can be easily verified
with a dipole and gives good advance warnings of
deterioration of the vsb filters, diplexers, or antenna and
feedline if problems are beginning to occur.

Set up the spectrum analyzer in the field, and using a test
dipole with flat response across the channel, check the
ratio between the picture and sound carriers (Figure 32).

Figure 32. Checking the picture-to-sound ratio.

B. Pattern

The pattern of a station can be verified by using the test
dipole and the conversion chart to xV/meter shown in
Figures 33-35. While accuracy can be quite high, we do
not recommend that you use this technique for absolute
measurements for licensing unless other calibration steps
are taken.

The dipole can be constructed with standard 3009 twin
line (flat line) to the lengths shown. The 300 to 759 balun
is available through most CATV supply houses. For max-
imum sensitivity a preamplifier should be used. The
TEKTRONIX 7K11 is available and matches the 759
antenna impedance. To insure maximum accuracy and
minimize reflections, itis recommended that a 10 dB pad
be used between the dipole and the amplifier input.

To measure field strengths with the 7L12/7K11 or similar
combination, take readings in the field with the spectrum
analyzer, orienting the dipole for maximum output.
Measure the carrier power in dBmV, add the correction
factor for the channel being measured (Figure 34), add the
10 dB pad value if used, then convert to uV/meter using
the chart (Figure 35).
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Figure 33. Constructing a Test Dipole.
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Figure 34. Correction factors for Test Dipole.

CONVERSION TABLE dBmV — Microvolt/m
Reference Level: 0 dBmV = 1 millivolt/m
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Figure 35. Conversion from dBmV to uV/meter.



C. Spurious Signals Increase the measuring span to include other local

Spurious signals can either originate within the transmit- stations, then alternately remove and restore power noting
ter, or at the antenna. The most logical place to begin any carrier other than your own channel that may appear
testing for spurious signals is at some distance (one mile as sum and difference beats (Figure 37).

or more) from the transmitter using a test dipole. Then, if
problems are noted, the interfering signal can be traced
back through the transmitting chain and pinpointed.
The technique described will get you started, however, the
subject of spurious cures is beyond the scope of this short
paper.

Using the spectrum analyzer and a test dipole at a o Qut of
distance from the transmitter, note any in-channel spurious Channel Beats
carriers. (Figure 36). There should not be any continuous |
carriers other than the picture, sound, and color sub-
carriers. If extra spurious signals are noted, momentarily ; f ' !
remove aural and visual carriers to pinpoint whether the . : |

problem is internal or off-the-air.
l 4.5 MHz

Sl | odegiee| pedd

Figure 37. Out-of-channel sum and difference beats.
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Finally, test the harmonics of the picture and sound
transmitters (Figure 38).
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Figure 36. Beats within the channel.
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Figure 38. Harmonics of TV Transmitter.
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Figure 39. Beats noted on Carrier due to local Broadcast Station.

D. Antenna, Filter and Coupler Evaluation

Components of the transmitter system must sometimes be
tested out-of-service or disconnected to isolate problems
or verify performance. If a signal source such as a sweep
or cw generator is available, the performance of most
filters, transmission lines, and couplers can be checked.
The spectrum analyzer is used in the storage mode (or with
a camera if storage is not available) to check the response
and insertion loss. With the addition of a bridge, return loss
(match) and tuning can also be checked on single port
devices such as the transmitter output, or the antenna and
feed line (Figure 40). The inverse of the return loss display
of an antenna gives the tuning characteristic (Figure 41).

Spectrum

Signal Analyzer

Source

[

X

In Out
Bridge

Out

| To Device
Under Test

Figure 40. Using the Spectrum Analyzer with a Bridge.
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Figure 41. Return loss (Match) ef a TV Antenna.

—CAUTION—

DO NOT ATTEMPT ANY MEASUREMENTS WITH THE
TRANSMITTER ENERGIZED AS THIS CAN RESULT IN
DAMAGE TO THE SPECTRUM ANALYZER. ANTENNA
MEASUREMENTS SHOULD BE ATTEMPTED WITH
CAUTION IN AREAS WHERE OTHER FM OR TV AN-
TENNAS ARE LOCATED SINCE THE INDUCED
VOLTAGES CAN BE QUITE HIGH.

V. Miscellaneous Tests

The television engineer is responsible for many other areas
besides the transmitter. On the pure engineering end, he
may be asked to evaluate new components or design a
new system, and day to day, he may have to repair a
microwave link or a balky vtr. The spectrum analyzer has
many capabilities not already covered, around the studio,
and on the microwave and telemetry systems. While it is
beyond the scope of this paper to cover these applications
in detail, we encourage you to experiment. Look at base-
band signals with the spectrum analyzer and sweep VDAs,
PDAs, switchers, and other baseband devices with the
1405 Sideband Analyzer. Don’t be afraid to stick a probe
on the spectrum analyzer and attack the inside of a dead
box. You might find the spectrum analyzer is the most
valuable test instrument on your bench.



VI. Satellite Measurements

A spectrum analyzer such as the Tektronix 492 is essen-
tial in determining interference levels when siting the
antenna, performing system tests on low noise amplifiers
(LNAs) or receivers, locating the satellites, identifying
satellite transponders, aligning uplinks or downlinks, accu-
rately determining antenna polarization, and performing
the required power measurements when illuminating the
transponders.

Locating A Usable Site

Geostationary satellites transmit to earth from 23,200 miles
over the equator. The authorized bandwidth of the
downlink frequencies used is about 500 MHz and extends
from 3700 MHz to 4200 MHz. Twenty-four 20 MHz chan-
nels are utilized from 3720 MHz to 4180 MHz. (This is
generally referred to as the 4 GHz receive band.)

There is a significant amount of terrestrial activity in the
4 GHz band which is used primarily by telephone com-
panies, but has many.other users. Interference can be a
real problem. Therefore, when siting an antenna, the
services of a reliable frequency coordination research
company such as Comsearch, Compucon or others are
usually obtained. Basically, the companies accomplish two
things. First, they plot all known sources of emission
geographically, showing the proposed site in the center
of the plot. Information on frequency, ERP, decibel losses,
obstruction losses and orientation of antennas involved,
patterns of antennas involved, etc., are fed into a com-
puter. Charts are generated to show all sources that will
interfere at the proposed location, along with the expected
interference amplitude in dBm and type of modulation.
Second, they confirm the results of the computer search
by observing each interfering signal on a spectrum
analyzer. This is done using a microwave horn antenna
feeding a calibrated LNA that establishes the measure-
ment system sensitivity in dBm. The signals at the output
of the LNA must be measured in amplitude and frequen-
cy. This is most conveniently done by using the Tek 492
as a highly selective quantifying receiving system with
visual display.

Several functions of the Tek 492 are of particular interest
to the broadcast engineer. The capability for displaying a
spectrum of microwave signals with good frequency
accuracy is probably most important. Not only does it
display the band of signals of interest, the analyzer screen
also shows, at a glance, the amplitude in dBm of any of
the many signals displayed. A front-panel pushbutton can
change the display from 10 dB/div to 2dB/div. In 2 dB/div,
the analyzer can measure amplitude differences in 0.25
dB steps.
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When searching for a site, the controls are set to display
50 MHz/div so that the entire 500 MHz band will be
displayed. The center frequency should be set to 3950
MHz with the reference level control adjusted to make the
top display line read out at —30 dBm, and the MIN RF
ATTENUATION set to zero.

Using the gain in decibels of the horn antenna plus the
LNA gain, an incoming signal’s amplitude in dBm can be
read from the front panel display. In Figure 42, the
interfering signals are arriving at the 492 at approximate-
ly —74 dBm and - 77 dBm. If antenna and LNA system
gain are subtracted, the actual dBm level of the interfer-
ing signal is calculated:

Interfering signal amplitude measured by the

spectrum analyzer — -74 dBm
Broadband Horn gain 20 dB
LNA gain 20dB
Subtract -40 dB

-114.0 dBm
Coax loss — add + 9.9dB

Actual interfering signal amplitude 104.1 dBm
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Figure 42. Interfering signals arriving at approximately — 74dBm and
~77dBm.

By comparing this to the calculated interference level from
the initial paper survey computer-generated chart, you
may validate the chart data or discover any local terrain
variations that can expose or hide the antenna from the
interference source.



Directional characteristics of the horn antenna and the
amplitude readout of the 492 can enable you to discover
paths and usable obstructions on the terrain between your
site and the source of interference. Use the antenna to
slowly scan the horizon a full 360 degrees in azimuth, first
using vertical polarity, then horizontal.

Photographs may be easily taken for documentation and
study. Because both the antenna and spectrum analyzer
are portable, all that is needed is a source of 110V power
and the LNZ. Figure 43 is a block diagram of the equip-
ment used in the site analysis.
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Figure 43. Block diagram of the equipment used in site analysis.

Servicing Microwave Receivers

Servicing downconverters is greatly simplified with the 492
because the amplitude and frequency of the input signal,
local oscillator and their resulting mix may be measured.
Should there be any spurious products generated, they
can be seen at once. By following the if frequency from
the downconverter through the if system, proper
amplitude buildup and band shaping can readily be
observed on the 492. Outputs of LNAs, photographed
and placed in the maintenance log, can serve as
reminders of what the normal sky noise and beacon
strengths are, thus checking the LNA for proper operation.

The use of the proper waveguide/N-type adapter, com-
bined with the portability of the 492, makes direct observa-
tion and measurements at the antenna feedhorn output
possible.

Locating Satellites Using the 492

If the Tek 492 is used to locate transponders, or even
satellites, keep in mind that on satellites using only 12
channels, transponders will be every 70 MHz beginning
at 3720 MHz with horizontal polarity. These transponders
will null with a 90 degree rotation of the feedhorn in either
direction. On newer satellites using 24 channels, there is
no standard for assignment of polarity; adjacent channels
on the same satellite will be 90 degrees apart. Figure 44
is a photograph of a satellite with one polarity nulled out.
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Figure 44. The newer satellites, with one polarity nulled out.

To maximize visibility of the individual transponders when
searching for a satellite, the optimal position of the
feedhorn is half way between the two polarities. This will
make all 24 transponders visible, providing that they are
active, and will maximize the chance of finding the satellite.
Figure 45 shows such a maximized condition.
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Figure 45. Optimized position of the feedhorn makes all active
transponders visible.




At 10 degrees to 15 degrees (in either direction) from
proper polarization of the received downlink signal, a fairly
decent and clean picture will still show on a monitor.

There are two major reasons for use of the Tek 492 instead
of the video monitor to help locate a satellite or trans-
ponder. First, it must be known which transponders are
active so that the receiver could tune to the correct
frequency in order to display any received video. With the
Tek 492, the entire receiver and its tuning mechanism are
by-passed, making all 24 channels visible at one time.
Second, it is almost impossible to satisfactorily orient the
polarization using only the video (picture) monitor. With the
spectrum analyzer, it becomes a simple procedure to null
every odd visible transponder. Once a proper nult is ob-
tained on any set of odd or even transponders (or beacon),
all the polarization information needed is obtained. The
opposite polarity is always 90 degrees away. Many of the
new feed systems have instant polarity changeover, using
multiple ports.

Beacons are always present on the satellites, and occa-
sionally are the only signals present. A beacon consists of
two small CW signals, closely spaced, at about one-third
the amplitude of a normal transponder signal. The beacon
is located at approximately 4199 MHz on Westar satellites
or 3700.5 MHz on Satcom and Comstar satellites. Figure
46 shows a beacon in the presence of three received
transponder signals.
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Figure 46. A beacon (right) in the presence of three transponder
signals, at about one-third of their amplitude.
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Note that the beacon appears to be just one signal when
first located. However, by adjusting the resolution and
reducing the frequency span as shown in Figure 6, the
beacon can be separated into two signals that can be
used either as a locator or as a null-out signal for polarity
setting. In Figure 46 and 47, the 492, serving as a spec-
trum display receiver, is sampling the output of the LNZ
through a resistive splitter. This splitter also feeds the
satellite receiver.
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Figure 47. The beacon signal can be separated and used as a locator
or for a null-out signal.

The rough search for satellites is done by setting the
azimuth and elevation to the published look angle, placing
polarization 45 degrees off normal and carefully tweaking
azimuth and vertical until you spot signals coming from the
satellite. A normal signal from a transponder utilizing a 10
meter dish with a gain to system temperature (G/T) ratio
of 29 dB (with 120 degree LNA) is about +30 dB above
noise level, which is about — 60 dBm at output of the LNA.
For the beacon, itis only about + 10 dB above noise level.
Final touchup is done using the received system’s carrier/
carrier plus noise meter on a live transponder.



Uplinking Measurements

In uplinking (transmitting), a fast, easy method of check-
ing for correct transmitter deviation is needed. This is
achieved using the Tek 492 with the frequency span-per-
division set for 5 MHz, center frequency set to observe the
incoming channel in the 4 GHz band and reference level
set for easy viewing of the received signal, as observed
through a loop test translator, shown in Figure 48.

—CAUTION—

MAXIMUM INPUT POWER TO THE SPECTRUM
ANALYZER MUST NOT EXCEED +30 dBm. DIRECT
TRANSMITTER MEASUREMENTS MUST BE MADE VIA
A DIRECTIONAL COUPLER OR OTHER OUTPUT
SAMPLING DEVICE.
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Figure 48. Observing the signal through a loop test translator.

With the transmitter operating normally into its dummy
load, a sample is taken through a directional coupler from
the power amplifier output. This 6 GHz sample is routed
to a superheterodyne-type mixer, called a loop test
translator. It heterodynes the 6 GHz transmitter signal
down to the 4 GHz band and the signal is routed to the
receiver system or to the spectrum analyzer. Deviation
could also be checked at 6 GHz by connecting the 492
to the output of a directional coupler.
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If the MAX HOLD button on the 492 is activated, the
display with a full-field color bar signal being transmitted
as in Figure 49(a) rapidly builds a solid pattern showing
the maximum signal deviation, In Figure 49(b), if the hori-
zontal divisions are counted and multiplied by 5 MHz, it
can be seen at a glance whether the + 18 MHz deviation
normal for 100 percent modulation is being exceeded.

0DB 3.0-7.1 1 NHZ
e e e

Figure 49(a). Depressing the Max Hold button builds up a solid pattern
showing channel occupancy.
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Figure 49(b).A quick computation pin-points whether or not you are
spilling over the + 18MHz deviation area.



During earth station transmitter installation, and subse-
quent yearly performance checks, the Tek 492 can be
used to set modulation level at precisely 100%. The
manufacturer will inform you of the video frequency to use
and the absolute level input to the modulator, and will
identify the proper takeoff point. At this takeoff point the
Tek 492 will see, typically, a 70 MHz intermediate frequency
signal or other modulated signal. (The white dot in Figures
50(a), 50(b}, 50(c), and 50(d) identifies center frequency).
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Figure 50(a).
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Figure 50(b).
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Figure 50(c).
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Figure 50(d).

Figures 50(a)-50(d) are a series showing the nulling of the
70 MHZz carrier, as the deviation (modulation) control is ad-
justed on the modulator. In the case of the Scientific-Atlanta
modulator model 461WB, the injection frequency is
0.7616 MHz at a level of —20.7 dBm. (Consult your
modulator manual for correct frequency and amplitude of
injected signal.) The deviation control is carefully adjusted
for the complete disappearance of the 70 MHz if signal at
the first null. This coincides with a typical video signal
containing 100 IRE units of white and 40 IRE units of sync
pulse, for peak-to-peak video of 1V.



When measuring carrier power with the Tek 492, turn off
the modulator's dispersal control. Figure 51(a) represents
the main carrier, plus two audio subcarriers, viewed with
dispersal off. Figure 51(b) shows why you must turn the
dispersal off to obtain a stable waveform; with dispersal on,
the signal vacillates.
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Figure 51(a).
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Figure 51(b).

Dispersion is applied to the carrier and sidebands to pro-
tect terrestrial microwave links from interference. In the
absence of modulation (video), the dispersal unit sweeps
the entire signal back and forth over a 2 MHz wide sweep
at the rate of 30 Hz. If sync is applied as video, the dis-
persal drops to about 1 MHz.
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Figure 52 illustrates how to measure the dispersal signal.
Activate the MAX HOLD button several seconds before
opening the camera shutter. A more accurate measure-
ment of deviation of the main carrier is shown in Figure 53
with each horizontal division representing 0.5 MHz. Total
deviation is 1.9 MHz.

Figure 52. Measuring the dispersal signal, with maximum hold
depressed several seconds.

Figure 53. A more accurate measurement of deviation of the main
carrier.

In Figure 51(b), it appears, at first glance, that the two
subcarriers are being deviated too much. However, there
are two of them, and they merge into one large, indistinct
pattern. This method of measuring dispersal deviation of
a carrier is only valid if one separate carrier or subcarrier
can be separated on the analyzer.




If all modulation and dispersion is removed so that the
signal is reduced to a CW carrier — with the aural sub-
carriers at 6.2 MHz and 6.8 MHz — the 492 can be used
as an accurate power meter. Figure 54 shows a block
diagram of a typical earth station uplink system including
power amplifier, directional coupler for sampling the signal
as itis delivered into the waveguide, and the 10m dish. In
this case, the 492 is sampling the waveform and reading
the power directly in dBm.
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Figure 54. Block diagram showing power measurement for a typical
earth station uplink.

Figure 55 shows the top of the main carrier touching the
top graticule line, which is labeled as —6 dBm.

Now known losses are tabulated:

Loss in directional coupler = -36.1dB

Loss in fixed pad = -20dB

Loss in coax between 492 = -99dB
Total losses = —-66dB
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Figure 55. The peak of the main carrier touches the top graticule,
labeled at —64dBm.

With a reading of —6 dBm, and known losses of — 66 dB,
there must be +60 dBm or 1000 watts at the amplifier
output.

In calculating the effective radiated power (ERP) of the
dish, we start out with +60 dBm at the input to the
waveguide feed line. There is 3 dB loss in the feed system,
leaving +57 dBm arriving at the feedhorn. The antenna
is rated at 53.5 dBi gain, so in the center of the radiated
beam, when observed from a distant point, the ERP will
be 110.5 dBm, or slightly more than 100,000,000W of
power.

Two practical achievements are involved in the previous
discussion: First, derivation of the dBm output for proper
illumination of the transponders by considering the total
space losses to and from the satellite, the dB gain of the
receiver and LNA, system losses and the safety margin
desired. Second, use of the above information to accu-
rately set the front panel wattmeter on the Klystron
amplifier to read 1kW output. Obviously, if there were in-
terest in calibrating the meter exactly at, say, 260W (a
practical level), that could be done also. All without leav-
ing the security of the durmnmy load and the convenience
of the Tek 492! (If these numbers seem large, please note
that the 2-way path loss is in the order of 200 dB!)



While the Tek 492 is sampling the power amplifier output,
the surrounding spectrum up to at least the second har-
monic at 12 GHz could be examined to detect the
presence of any type of spurious emission or intermodula-
tion products. Seeing none, as in Figure 56, an engineer
could be confident that he will not be asked to cease
transmitting for causing interference. If something spurious
is seen, then remedial action can be taken.

Figure 56. Checking the base line to detect presence of any spurious
emmission or intermodulation products.

By expanding the unmodulated signal with the frequency
span-per-division and resolution controls, as in Figure 57,
you can observe the main carrier at 6385 MHz. The noise
of the base line is down about 55 dB from peak-of-carrier.
However, note the disturbance about 40 dB down on the
carrier itself. Expanding this as in Figure 17, it can be
observed there is some modulation at about 600 kHz from
center of carrier. This could be any of several sources of
noise including mechanically induced fan noise.
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Figure 57. Expanding the unmodulated signal to observe the main car-
rier at 6385MHz.
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Figure 58. Expanding the carrier shows what is probably mechanical
noise giving some AM modulation at about 600kHz from
center of carrier.



Sweeping The Klystron Amplifier

A typical Klystron used for satellite uplink transmission has
12 cavities that must be tuned to 12 preselected trans-
ponder channels. Sweeping these cavities is a chore
because the average station does not have the proper
equipment.

With a Tek 492 in the station and a good microwave sweep
generator, you can do an acceptable job of sweeping
individual cavities, using the SAVE A and MAX HOLD
functions with a moderate sweep rate.

First, record the signature of the cables and fittings in-
volved by feeding the sweeper directly into the spectrum
analyzer through those cables. Capture this trace with
SAVE A near the top of the screen (use 10 dB/div at first).
Then, inject about +5 dBm of sweep into the input of the
amplifier under test, with the amplifier running into a
dummy load, and run one swept cable from the 492 input
to the directional coupler takeoff point at the output of the
amplifier. Adjust the trace to be lower on screen than that
saved at A. (See Figure 59). By adjusting the cavity con-
trols the lower trace can be matched as closely as possi-
ble to the top (Save A) trace and the cavity will be usable
at that frequency.

Figure 569. Swept frequency response of cables and fittings (upper
trace) end cavity including cables (lower trace) in 10dB/div.
log vertical mode.
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For final adjustment, switch the 492 to 2 dB/div log for an
expanded view of each cavity in-band ripple.

Figure 60 (upper trace) is a swept display of cables and
connectors only in the 2 dB/div expanded log mode. The
lower trace is a swept response display of one cavity
before final adjustment.

Figure 60. Swept frequency response in 2db/div. vertical log mode.
upper trace shows cables and fittings only. Lower trace in-
cludes cavity.

With a little patience, frequency response measurements
may be made to +0.5 dB using this procedure.
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For further information, contact:

U.S.A., Asia, Australia, Central & South
America, Japan

Tektronix, Inc.
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Beaverton, Oregon 97075
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phone number of the Tektronix Sales Office
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Phone: (800) 547-1512

Qregon only: (800) 452-1877

TWX: (910) 467-8708

TLX: 151754

Europe, Africa, Middle East
Tektronix Europe BV.

PO. Box 406
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Phone: (2503) 15644

Telex: 74876/74886

Canada
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