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RETURN LOSS BRIDGE

The 75-ohm Return Loss Bridge was developed to assess
the performance of television transmission lines and their
terminal equipments in carrying television signals without pic-
ture impairment. The Return Loss Bridge measures quantita-
tively the energy refiected in a transmission system due to im-
pedance mismatching at or before the termination. Unlike
fast pulse systems, the return loss technique uses standard TV
test signals so that energy reflections at frequencies above
those of interest are not measured. In this way, results are
obtained which are meaningful in assessing transmission gual-

ity for television. Fast pulse technigues on the other hand
locate impedance discontinuities when the return loss tech-
nigue has determined that there are relevant reflections at
video freguencies.

The Tektronix Return Loss Bridge is used in conjunction with
the Type 1A5 or 7A13 Differential Plug-In Units. The Return
Loss System is specified at —54 dB over the full 10 MHz band-
width of the system. Since —46 dB is equivalent to an imped-
ance discontinuity of less than 0.5%, the bridge provides more
resolution than is usually required.

GLOSSARY OF TERMS

APL: Average piciure level. The average luminance level
of the unblanked portion of a television line.

BRUCH SEQUENCE: An arrangement of color burst signals
which assures that the starting polarity of the burst signal is
the same at the start of each field for improved stability of
color synchronization.

CATV: Community Antenna Television.

CHROMINANCE: This term is used to indicate both hue and
saturation of a color.

CHROMINANCE SIGNAL: [n television, the sidebands of the
modulated chrominance subcarrier which are added to the
monochrome signal to convey color information. The chromi-
nance signal components transmit the qualities of hue and
saturation but do not include luminance or brightness.

COLOR BAR: A test signal, typically containing six basic
colors—yellow, cyan, green, magenta, red and blue, which is
used 1o check chrominance functions of color TV systems.

COLOR BURST: Refers to a burst of 8 to 10 cycles of sub-
carrier on the back porch of the composite video signal. This
serves as a color synchronizing signal to establish a frequency
and phase reference for the chrominance signal.

COLOR SUBCARRIER: The carrier signal whose modulation
sidebands are added to the monochrome signals to convey
color information.

COMPOSITE VIDEO SIGNAL: The complete video signal. For
monochrome, it consists of the picture signal and the blanking
and synchronizing signals. For color, additional color synchro-
nizing signals and color picture information are added.

DIFFERENTIAL GAIN: The amplitude change, usually of the
color subcarrier, introduced by the overall circuit, measured
in dB or per cent, as the picture signal on which it rides is
varied from blanking to white level.

DIFFERENTIAL PHASE: The phase change of the color sub-
carrier introduced by the overall circuit, measured in degrees,
as the picture signal on which it rides is varied from blanking
to white level.

GEN-LOCK: A system of regenerating subcarrier and sync
from a composite video source.

H RATE: The time for scanning one complete line, including
trace and retrace, NTSC equals 1/15734 sec (color) or 63.5 us.

HUE: The attribute of color perception that determines
whether an object is red, yellow, green, blue, purple, or the
like. White, black, and gray are not considered as being hues.

IRE UNIT: 7.14 mV.

LUMINANCE: This indicates the amount of fight intensity
which is perceived by the eye as brightness.

NTSC: National Television Standards Committee.

PAL: Phase alternation line. A system in which the subcarrier
derived from the burst signal is switched 180° in phase from
one line to the next. This system helps to minimize hue errors
which may occur in a color transmission.

SATURATION: The degree to which a color is pure and un-
diluted by white light, distinguished between vivid and weak
shades of the same hue. The less white light in a given color,
the greater is its saturation.

STAIRCASE: A video test signal containing several steps
at increasing luminance levels. The staircase signal is usually
amplitude modulated by the subcarrier frequency and is useful
for checking amplitude and phase linearities in video systems.

VITS: Vertical interval test signal (NTSC), vertical insertion
test signal (PAL). A signal which may be included during the
vertical blanking interval to permit on-the-air testing of video
circuitry functions and adjustments.
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VECTOR PRESENTATION

The vector presentation graphically displays the relative
phase and amplitude of the chrominance signal on polar
coordinates. To identify these coordinates the graticule (see
fig 1} has points which correspond to the proper phase
and amplitude of the primary and complementary colors:
R (Red), B (Blue), G (Green); Cy (Cyan), Y, (Yellow) and Mg
{(Magenta).

Fig 1—Vector display—full field color bars, 75% amplitude,
100% white reference, 10% set-up. Conforms to EIA standard
RS189. Type 140 NTSC Test Signal Generafor used as a signal
source.

Any errors in the color encoding, video tape recording or
transmission processes which change these phase and/or
amplitude relationships cause color errors in the television
receiver picture. The polar coordinate type of display such
as that obtained on the Type 520 CRT has proved to be the
best method for portraying these errors.

The polar display permits measurement of hue in terms of
relative phase of the chrominance signal with respect to the
color burst. Saturation is expressed in terms of the displace-
ment from center {radial length) toward the color point which
corresponds to 75% (or 100%} saturation of the particular
color being measured.

The outer boxes around the color points correspond to phase
and amplitude error limits per FCC requirements (=10°,
+209%). The inner boxes indicate ==2.5° and 2.5 IRE units
and correspond to phase and amplitude error limits per EIA
specification RS-189, amended for 7.5% setup.

An internally generated test circle matched with the vector
graticule verifies quadrature accuracy, horizontal to vertical
gain balance and gain calibration for chrominance signal
amplitude measurements. Two methods of measuring phase-
shift are provided. large phase-shifts can be accurately read
from the parallax-free vector graticule. A precision calibrated
phase shifter with a range of 30°, spread over 30 inches of
dial length, is provided for measuring small phase-shifts.

LINEAR-SWEEP PRESENTATION
The linear time base operates at the line rate. Color signals
are demodulated along any desired axis, I, Q, R-Y, B-Y, efc.
and displayed at the line rate on a linear time base.

DUAL DISPLAY

In dual-channel operation, successive samples of channels
A and B are displayed on a time-shared basis. The switch-
ing rate is locked to horizontal sync and switching transients
are blanked. Input-output signals from video equipment can
be conveniently compared on channel A and B for phase
and/or amplitude distortion. The subcarrier processing channel
contains two uncalibrated 0° to 360° phase-shifters and one
30° CALIBRATED PHASE shifter. While viewing channel A or
B, either of the uncalibrated phase-shifters, A¢ or Bg, can be
switched into the subcarrier processing channel. A¢ and B¢
will lock to channel A and B respectively, when A and
B channel are time-shared, permitting independent phase
control of channel A and B displays. Phase shifts caused
by unequal signal paths are easily cancelled, leaving only
phase and amplitude distortion caused by equipment de-
ficiencies. Video cable lengths can be accurately matched
for time delay at color subcarrier frequency to less than
0.5° phase difference. Accurate amplitude measurements
of chrominance and luminance are provided from the CRT.
An internal 1-V luminance amplitude calibration test signal
is provided to check the gain accuracy of channel A and B
amplifiers and the luminance channel.

DIFFERENTIAL GAIN AND DIFFERENTIAL PHASE MEASURE-
MENTS

The two main chrominance-signal distortions are differential
gain and differential phase. Both can be measured on the

Fig 2—Differential Gain display from the Type 520 using the
Type 140 NTSC Test Signal Generator. Lower frace, luminance
is on. Upper trace, luminance is off. Minor divisions of graticule
indicate 5% Differential Gain. Double exposure.

Type 520 Vectorscope. Differential gain {fig 2) is a change
in color subcarrier amplitude as a function of luminance. In
the reproduced color picture, the saturation will be distorted
n the areas between the light and dark portions of the scene.
The IRE graticule major divisions represent % of voltage
gain or loss when making a differential gain measurement.
The 520 permits differential gain measurements with accuracy
to better than 1%.
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« CALIBRATED °

CALIBRATED
PHASE

Fig 3—Differential Phase presentation using a modulated
staircase signal. A trace overlay technique provides excel-
lent resolution for measuring small phase changes. From
reference point in top photo (Ist step of staircase signal
overlayed) fo point of measure in bottom photo (6th step
overlayed) represenis 1.2° differential phase distortion.

Differential phase {fig 3) is a phase modulation of the
chrominance signal by the luminance signal. In the repro-
duced color picture, the hue will vary with scene brightness.
Differential gain and differential phase may occur separately
or together. The causes of these distortions are amplitude
non-linearity and time delay that are not independent of the 5
signal level. Differential phase is read from the precision
calibrated phase shift control. Dial resolution is excellent
with 1° phase shift represented by approximately 1 inch of
dial movement. The vertical deflection of the display is greatly
magnified and inverted on alternate lines allowing the use
of a trace overlay technique and the slide-back method for
measuring small phase changes. The CALIBRATED PHASE
control provides direct readout of differential phase. Using
the standard linearity test signal, differential phase of 0.2°
can be measured. Reference burst is selectable, internal or
external.

RED (R), GREEN (G), BLUE (B) AND LUMINANCE (Y)
OBSERVATIONS

The Type 520 provides a luminance channel which permits the

separation and display of the luminance {Y) component from ]

the composite color signal (fig 4). The Y component can 75% amplitude EIA Color Bar Signal. Line-sweep displays of
also be combined with the output of the chrominance de- Luminance (fig 4), decoded Red (fig 5), decoded Green (fig 6,
modulators for R, G and B displays at a line rate (fig 5, and decoded Blue (fig 7). Displays photographed with a Tek-
6, 7). Amplitude measurements of color signal components tronix C-27-549 Camera, using o Tektronix Type 140 NTSC Test
can be made with an accuracy of 3%. Signal Generator as a source.
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VERTICAL INTERVAL TEST SIGNAL OBSERVATION
Vertical Interval Test Signals from preselected lines of either
field 1 or field 2 can be displayed on the Type 520 Vector-
scope.
Binary counters operate in conjunction with the field selector
to select lines in either field that may carry suitable test sig-
nals. These circuits enable the Vectorscope to be used for
measuring differential gain and differential phase from test
signals transmitted in the vertical blanking interval of color
broadcasts.
Normally, lines 18 and 19 in either field 1 or field 2 are
selected by means of the VITS 18 and VITS 19 push buttons
in conjunction with the FIELD switch. Internal quick-disconnect
jumper wires permit selecting any line from 7 through 21
of either field. Intensity and focus are automatically adjusted
for optimum viewing of VITS,

GRATICULE
Two separate graticules provide references for vector and
line sweep displays. The parallax-free vector graticule, or
the IRE graticule, is automatically selected and edge-lighted
concurrent with operating mode selection.

Z AXIS INPUT

The Z-AXIS INPUT connector accepts external trace-bright-
ening pulses for intensifying a portion of the display during
the time of interest. A 1-V negative-going pulse is required.

VIDEO INPUTS
Dual input BNC connectors {fig 8} for each channel permit
75-Q loop-through operation with a return loss greater than
46 dB* to 5MHz. Amplitude range is 0.7V to 1.4V VIDEO
{sync tip to peak white).

Fig 8—Rear view of 520 Vectorscope. The mounting angie ot the
coax connectors permit connecfing cables to leave the instrument
without protruding excessively and with a minimum of clearance
space required.

POWER REQUIREMENTS
90 to 136 VAC or 180 to 272 VAC, 47 to 63 Hz, 95-watts
maximum at 115V and 60 Hz. Rear panel selector provides
rapid accommodation for six line-voltage ranges.

ENVIRONMENTAL CAPABILITIES
Ruggedly designed to withstand temperature and altitude
variations, vibration, shock, and transportation. Listed instru-
ment characteristics are valid over a temperature range of
0° C to 450° C ambient.

MECHANICAL CHARACTERISTICS
The Type 520 Vectorscope is available in two mechanical
configurations. A cabinet model and a rackmount model
{Type R520). Both instruments are electrically identical. The
R520 mounts in a 19-inch rack and is provided with a slide-out
assembly for convenient access to internal components.

*Exceeds CCIR recommendation 451-2, paragraph 3.1 and 3.2

DIMENSIONS AND WEIGHTS

TYPE 520 Height 7 in 178 cm
Width 167/ in 429 cm
Depth 19V, in 48.7 cm
Net weight 33 1b 15 kg
TYPE R520 Height 7 in 178 cm
Width 19 in 483 cm
Depth 193, in 50.2 cm
Net weight 33 b 15kg
Domestic shipping weight ~61 b ~27.7 kg
Export-packed weight ~82 b ~37.3 kg

INCLUDED STANDARD ACCESSORIES
TYPE 520: Smoke-gray filter, installed (378-0581-00); camera
gosket and mounting screws {016-0114-00); power cord  )1-
0036-00); instruction manual {070-0639-01).

TYPE R520. Same as Type 520 but includes rackmounting
hardware, and slide-out assembly (351-0195-00).

ORDERING INFORMATION

Cabinet model, order TYPE 520 NTSC VECTORSCOPE ..
........................................ $2500

Rackmount model, order TYPE R520 NTSC VECTORSCOPE
........................................ $2550

UHF connectors are optional and may be specified without
extra cost.

OPTIONAL ACCESSORIES

75-0 VOLTAGE STEP-UP TERMINATION

The 75-Q Voltage Step-Up Termination provides a X5 in-
crease in chrominance amplitude and permits Differential
Gain and Differential Phase measurements to be made to «
higher degree of accuracy when used with a Tektronix Vec-
torscope. Input impedance to the termination is a constant
75Q. Use of the termination requires a source of external
sync fo the Vectorscope.

For use with Type 520 Vectorscope
UHF connectors, order 011-0100-00 ................ $27.50

BNC connectors, order 011-0100-01 ................ $27.50

SINGLE SIDEBAND CHROMA AMPLITUDE CORRECTOR
The Single Sideband Chroma Amplitude Corrector is designed
for use with a Tektronix Vectorscope in transmitter applica-
tions where a vestigial sideband signal is being demodulated
with a detecting diode. The corrector provides a X2 increase
in chrominance amplitude and passes luminance components
with little or no attenuation. Input impedance is 75 Q.

For use with Type 520 Vectorscope
UHF connectors, order 011-0107-00 ................ $27.50

BNC connectors, order 011-0107-01 ................ $27.50
C-27 TRACE RECORDING CAMERA

/1.9, 1:0.5 lens; Polaroid Land* Pack-Film back.
Order C-27-549 .00t $500

Type 520 to C-27 Camera Adapter, order 016-0225-02 .. $16

R520 CRADLE ASSEMBLY
For mounting the Type R520 in a WECO backless rack.
Order 426-0667-00 .. ... ..., $8.50

*Registered Trademark Polaroid Corporation

U.S. Sales Prices FOB Beaverton, Oregon
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VECTOR PRESENTATION

The vector presentation graphically displays the relative
phase and amplitude of the chrominance signal on polar
coordinates. To identify these coordinates the graticule (see
fig 1) has points which correspond to the proper phase and
amplitude of the primary, complementary and conjugate
chrominance vectors: Red (R) (r), Green (G) (g), Blue (B) (b},
Cyan (Cy] [cy), Magenta [Mg) (mg) and Yellow (Y] (yl).

Fig 1B—Vector NTSC presentation of PAL color bar signal.

Any errors in the color encoding, video tape recording or
transmission processes which change these phase and/or
amplitude relationships cause color errors in the television
receiver picture. The polar coordinate type of display such
as that obtained on a vectorscope has proved to be the
bast method for portraying these errors.

The polar display permits measurement of hue in terms of
relative phase of the chrominance signal with respect to the
color burst. Saturation is expressed in terms of the displace-
ment from center (radial length) toward the color point which
corresponds to 75% (or 100%) saturation of the particular
color being measured.

The outer boxes around the color points correspond to phase
and amplitude error limits {#=10°, #=20%). The inner boxes
indicate ==3° phase angle and =59, amplitude.

(+V), (4+V and —V) and (—V) vector displays are provided,
permitting observation of the 135° and 235° burst-related
color information, individually or combined.

An internally generated test circle matched with the vector
graticule verifies quadrature accuracy, horizontal to vertical
gain balance and gain calibration for chrominance signal
amplitude measurements. Two methods of measuring phase-

shift are provided. Large phase-shifts can be accurately read
from the parallax-free vector graticule. A precision calibrated
phase shifter with a range of 30°, spread over 30 inches of
dial length, is provided for measuring small phase-shifts.

LINEAR-SWEEP PRESENTATION
The linear time base operates at the line rate. Color signals
are demodulated along any desired axis, U, V, efc. and dis-
played at the line rate on a linear time base.

DUAL DISPLAY

In dual-channel operation, successive samples of channels
A and B are displayed on a fime-shared basis. The switch-
ing rate is locked to horizontal sync and switching transients
are blanked. Input-output signals from video equipment can
be conveniently compared on channel A and B for phase
and/or amplitude distortion. The subcarrier processing channel
contains two uncalibrated 0° to 360° phase-shifters and one
30° CALIBRATED PHASE shifter. While viewing channel A or
B, either of the uncalibrated phase-shifters, A¢ or B¢, can be
switched into the subcarrier processing channel. A¢ or B¢
will lock to channel A and B respectively, when A and B
channe! are time-shared, permitting independent phase control
of channel A and B displays. Phase shifts caused by unequal
signal paths are easily cancelled, leaving only phase and
amplitude distortion caused by equipment deficiencies. Video
cable lengths can be accurately matched for time delay at
color subcarrier frequency to less than 0.5° phase difference.
Accurate amplitude measurements of chrominance and lumi-
nance are provided from the CRT. An internal 1-V luminance
amplitude calibration test signal is provided to check the gain
accuracy of channel A and B amplifiers and the luminance
channel.

DIFFERENTIAL GAIN AND DIFFERENTIAL PHASE MEASURE-

MENTS

The two main chrominance-signal distortions are differential
gain and differential phase. Both can be measured on the
Type 521 PAL Vectorscope. Differential gain (fig 2) is a
change in color subcarrier amplitude as a function of lumi-
nance. In the reproduced color picture, the saturation will
be distorted in the areas between the light and dark por-
tions of the scene. The luminance graticule major divisions
represent percent of voltage gain or loss when making a
differential gain measurement. The 521 PAL Veciorscope per-
mits differential gain measurements with accuracy to better
than 19%.

—m%i

Fig 2—Type 521 PAL and Type 141A system being used to
measure differential gain of a typical cascade of video
amplifiers. Indicated differential gain is 6%2%.
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Line sweep presentations of Luminance (signal sequence;
white, yellow, cyan, green, magenta, red, blue, and black,
fig 3), decoded Red (fig 4), decoded Green (fig 5), and
decoded Blue (fig é), components of the PAL color bar
signal. Photos were taken using a Type 141A PAL Tele-
vision Test Signal Generator, a Type 521 PAL Vectorscope,
and o C-27-549 Camera.

” CALIBRATED ¢
PHASE

CALIBRATED -
PHASE

Fig 8—Differential Phase presentation using o modulated
staircase signal. A trace overlay technique provides excel-
lent resolution for measuring small phase changes. From
reference point in top photo (Ist step of staircase signal
overlayed) to point of measure in bottom photo (6th step
overlayed) represents 1.2° differential phase distortion.

Differential phase (fig 8} is a phase modulation ot the
chrominance signal by the luminance signal. Differential phase
may result in picture impairment.

Differential gain and differential phase may occur separately
or together. The causes of these distortions are amplitude
non-linearity and time delay that are not independent of the
signal level. Differential phase is read from the precision
calibrated phase shift control. Dial resolution is excellent
with 1° phase shift represented by approximately 1 inch of
dial movement. The vertical deflection of the display is greatly
magnified and inverted on alternate lines allowing the use
of a trace overlay technique and the slide-back method for
measuring small phase changes. The CALIBRATED PHASE
control provides direct readout of differential phase. Using
the standard linearity test signal, differential phase of 0.2°
can be measured. Reference phase is selectable, from an
internal subcarrier regenerator or an external CW source.

RED (R), GREEN (G}, BLUE (B) AND LUMINANCE (Y)

OBSERYATIONS
The Type 521 PAL Vectorscope provides a luminance chan-
nel which permits the separation and display of the lumi-
nance (Y} component from the composite color signal (fig 3).
The Y component can also be combined with the output of the
chrominance demodulators for R, G and B displays at a line
rate (fig 4, 5, 6). Amplitude measurements of color signal
components can be made with an accuracy of 3%.
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(VITS 1) (VITS 1)
FIELDS 1 and 3 FIELDS 2 and 4

Type 521/R521  lines 17 and 18 lines 330 and 331

Internal quick-disconnect jumper wires permit selecting any
line from 4 through 22 or 316 through 335. Intensity and focus
are automatically adjusted for optimum viewing of VITS.

GRATICULE
Two separate graticules provide references for vector and line
sweep displays. The parallax-free PAL vector graticule, or the
luminance graticule, is automatically selected and edge-lighted
concurrent with operating mode selection.

Z AXIS INPUT
The Z-AXIS INPUT connector accepts external trace-bright-
ening pulses for intensifying a portion of the display during
the time of interest. A 1-V negative-going pulse is required.

VIDEO INPUTS
Dual BNC input connectors [fig 9} for each channel permit
75-Q loop through operation with a return loss greater than
46 dB* to 5MHz. Amplitude range is 0.7V to 1.4V VIDEO
(sync tip to peak white).

POWER REQUIREMENTS
90 to 136 VAC or 180 to 272 VAC, 47 to 63 Hz, 95 watts
maximum at 115V and 60 Hz. Rear panel selector provides
rapid accommodation for six line-voltage ranges.

ENVIRONMENTAL CAPABILITIES
Listed instrument characteristics are valid over a temperatfure

range of 0°C to +50°C ambient.

MECHANICAL CHARACTERISTICS
The Type 521 PAL Vectorscope is available in two mechanical
configurations, a cabinet model and a rackmount model. Both
instruments are electrically identical. The Type R52T mounts
in a 19-inch rack and is provided with a slide-out assembly
for convenient access to internal components.

DIMENSIONS AND WEIGHTS

Type 521 Height 7 in 17.8 cm
Width 167 in 429 cm
Depth 197, in 48.7 cm
Net weight 3 1b 15 kg

Type R521 Height 7 in 17.8 cm
Width 19 in 483 cm
Depth 193/, in 50.2 cm
Net weight 33 b 15 kg

*Exceeds CCIR recommendation 451-2, paragraph 3.1 and 3.2

Fig Y—~Rear view of Iype 52! PAL Vectorscope.
INCLUDED STANDARD ACCESSORIES
Smoke-gray filter (378-0581-00); camera gasket and mount-
ing screws (016-0114-00); power cord {161-0036-00); instruction
manual 521/R521 (070-1027-00).

Type R521 same as Type 521 but includes rackmounting hard-
ware, and slide-out assembly (351-0195-00).

ORDERING INFORMATION

Cabinet model, order

TYPE 521 PAL VECTORSCOPE ................ $2500
Rackmount model, order
TYPE R521 PALVECTORSCOPE ... ............. $2550

UHF connectors are optional and may be specitied without
additional cost.

OPTIONAL ACCESSORIES
R521 CRADLE ASSEMBLY
For mounting the Type R521 in a WECO backless rack.
Order 426-0667-00 ... .. viuiiii i $8.50
C-27 TRACE RECORDING CAMERA
/1.9, 1:0.5 lens; Polaroid Land* Pack-Film back.

Order C-27-549 . e $500
Type 521 to C-27 Camera Adapter.
Order 016-0225-02 ......vuuviiiieinaieeeeaiaeann, $16

75-Q YOLTAGE STEP-UP TERMINATION
The 75-Q Voltage Step-Up Terminafion provides a X5 in-
crease in chrominance amplitude and permits Differential
Gain and Differential Phase measurements to be made to
a higher degree of accuracy when used with a Tektronix
Vectorscope. Input impedance to the termination is a con-
stant 75Q. Use of the termination requires a source of
external sync to the vectorscope.
FOR USE WITH TYPE 521 VECTORSCOPE
BNC connectors, order 011-0109-00 ............ $27.50
SINGLE SIDEBAND CHROMA AMPLITUDE CORRECTOR
The Single Sideband Chroma Amplitude Corrector is designed
for use with a Tekfronix Vectorscope in fransmitter applica-
tions where a vestigial sideband signal is being demodulated
with a detecting diode. The corrector provides a X2 increase
in chrominance amplitude and passes luminance components
with little or no attenuation. Input impedance is 75 Q.

FOR USE WITH TYPE 521 VECTORSCOPE
UHF connectors, order 011-0108-00 ............ $27.50
BNC connectors, order 011-0108-01 ............ $27.50

*Registered Trademark Polaroid Corporation
U.S. Sales Prices FOB Beaverton, Oregon
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TIME BASE FEATURES

SYNCHRONIZATION

Internal or external sync is provided and is selectable by a
switch behind the front panel hinged door. Internal sync is
derived from composite video input. External sync is via a
rear panel BNC loop-through connector and requires 1.5-volts
to 4.5-volts composite sync input. The unterminated sync
input impedance is approximately 15kQ paralleled by ap-
proximately 5pF and maximum input voltage is 20 volts.i

SWEEP MODES

4 sweep modes are provided: 2-V SWEEP—repetfition ratfe
equal to frame rafe of applied video or external sync; 2-V
MAG SWEEP—expands the vertical blanking interval {approxi-
mately 20X magnification of 2V); 2-H SWEEP—repetition
rate equal to half-line rate of applied video or external sync;
T-us/div. SWEEP—cadlibrated sweep with accuracy within
3% for center 10 div of 12-div sweep, and linearity within
3%, throughout horizontal POSITION range, excluding first
and last div.

XOO%L

Fig 1. Modulated staircase signal. 2 H SWEEP,  Fig 2. Modulated staircase signal. 2 H SWEEP,  Fig 3. Modulated staircase signal. 2 H SWEEP,

FLAT response. IRE response. DIFF GAIN response.

2-H  Fig. 6. .125 us HAD Sin? Pulse and Bar. T-ps/
div calibrated sweep, FLAT response.

Fig 5. 759, saturated color bar signal.
SWEEP, FLAT response.

Fig 4. Multiburst signal. 2-H SWEEP, FLAT
response.

Fig. 7. Horizontal Blanking Interval. 1-us/div  Fig 8. Vertical Blanking Interval. 2-V MAG  Fig 9. .250 us HAD Sin? Pulse {left) and Modu-
calibrated sweep. SWEEP. 20X magnification permits con- lated 20 T Sin? Pulse (right) with super-
venient vertical blanking interval ob- imposed Bar Signal (top).
servation.

1Exceeds CCIR recommendation 451-2, paragraph 3.2
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VIDEO FEATURES

INPUTS
Two unbalanced inputs through rear-panel BNC connectors
may be used with either 75-Q loop-through or bridging con-
nection (input R & C is 1 MQ and 24 pF). Return loss is great-
er than 46dB to 5MHz using 75-Q loop-through. Alterna-
tively, one balanced, differential input may be used.

DEFLECTION FACTOR
120mV to 1.5V full scale. Contfinuously variable between
ranges. Calibrated full-scale: 1.0, 0.50 and 0.20V.

FREQUENCY RESPONSE
4 response characteristics provide: FLAT: +00 — 19% to
6 MHz; +0.0 — 3% to 8MHz. IEEE: |EEE Standard IEEE
205. HIGHPASS: 3.58 MHz plus and minus 400 kHz at 15%
to 30% down. LOW PASS: At least 80% down at 500 kHz.

DC RESTORER
Keyed back porch* type eliminates drift in DC-coupled verti-
cal amplifier. Does not distort color burst. Waveform will
remain on screen if there is a loss of sync pulses for DC re-
storer keying. DC restorer may be disabled by front-panel
switch.

VERTICAL AMPLIFIER
May be DC-coupled to diode demodulator as in % Video
Modulation Monitoring. Details are available in manual.

VIDEO OUTPUT
Signal is provided for driving a picture or line monitor with
amplitude into 75 ohms approx equal to input signal to 529/
RM529.

TIME-BASE FEATURES

CALIBRATED TIME BASE
0.125H/cm. Magnifier extends calibrated time base to 0.025
H/cm and 0.005H/cm within 3%. Rep rate is '/, of the TV
line rate. The time base can be calibrated using TV signals.
Color burst is displayed without phase interlace.

UNCALIBRATED TIME BASE
2 LINE: Triggered time base with rep rate of 4 TV line
frequency. Provides complete 2-line display with horizontal
blanking centered on the screen.

2 FIELD: Synchronized time base with rep rate the same as
the TV frame rate. Entire frame of video is displayed with
the vertical blanking centered on the screen. Time base will
free-run in the absence of signal, indicating loss of incoming
signal.

TIME-BASE MAGNIFIER
X5 and X25. Accuracy is within 3%. Magnifier expands the
center of the display, convenient for monitoring equalizing
or serrated pulses.

*Sync tip restoration availoble by simple modification.

COLOR CAMERA YRGB DISPLAYS
Can be used with color camera processing amplifiers pro-
viding these sequential signals and the staircase signal. To
provide YRGB display directly, switching is done in the color
processing amplifier. Receptacle to interconnect color proc-
essing amplifier (relay confrol, staircase signal input, and
ground) is provided on rear panel.

VIT SELECTOR
Front-panel switch selects lines 16 through 21. Knob position
indicates line selected for viewing.

LINE SELECTOR
Variable delay allows any line of either field to be viewed.

FIELD SELECTOR
Positive-acting field selection.

TRIGGER SELECTION
Stable friggering on composite video signals. INTERNAL:
200 mV to 1V or more, peak to peak. EXTERNAL: 400 mV
to 1V or more, peak to peak.

OTHER FEATURES

REGULATED POWER SUPPLY
Operates on 115V or 230V line == 10% RMS. LINE FRE-
QUENCY: 48-66 Hz. POWER CONSUMPTION: Approx 80 W
at 115V, 60 Hz.

TEKTRONIX CATHODE-RAY TUBE
Flat-faced, 5-inch rectangular CRT, operating at é.4 kV acceler-
ating potential. Calibrated viewing area, 7 x 10 cm. Electrical
beam rotator provides trace alignment. P31 phosphor is
normally supplied. External graticule, variable illumination.

CALIBRATOR
Two internal calibration voltages of 0714V and 1.00V on 1-
volt full-scale range of VERTICAL GAIN switch. An external
calibration signal may be used. Internal calibration pulse
amplitude =19 over ambient temperature range and line-
voltage range. Reference is a Zener diode.

VENTILATION
Convection air-cooled. Operating Temperature Range: 0° C
to +50° C.

DIMENSIONS AND WEIGHTS

TYPE 529: Height 8Y, in 21 cm
Width 8Y, in 21.6 cm
Depth 19/, in 49.7 cm
Net weight 27 b 12.2 kg
Domestic shipping weight =34 Ib ~155kg
Export-packed weight ~47 b ~21.4kg

Two Type 529 Waveform Monitors can be mounted side-by-
side, or one mounted alongside an associated picture moni-
tor in a standard 19-inch rack or console.

TYPE RM529: Height 5%, in 133 cm
Width 19 in 48.2 cm
Rack depth 18V, in  46.4cm
Net weight 30, b 139kg
Domestic shipping weight =59 |b  =26.8 kg
Export-packed weight =81 b =368kg

Instrument fits standard 19-inch rack, can be tilted 90°.

15
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White Reference— 75% amplitude or 100% amplitude.

Chrominance Envelope Risetime and Falltime— 375 ns within
15%.

Setup— 10%, 7 1/2% or 0%.

Blanking to Peak White Amplitude— 714 mV (independent of
setup).

Luminance Risetime and Falltime— 115 ns within 15%.

—I and @ Chrominance Signal Width— 9.4 us on the same lines
as black and white references, amplitude of each within 1%
of burst amplitude.

MODULATED STAIRCASE

The modulated staircase signal is provided with a selection of
APL from 10% to 90% (0 to 100 IRE) in eleven equal levels,
or at a fixed APL of 50%.

The staircase luminance component is either 10 equal, 10 IRE
Unit; 5 equal, 20 IRE Unit; or OFF selected by front-panel
switch. The subcarrier component is phase locked to color
burst. The signal is in strict conformity with [EEE 206 and the
definition of APL is rigorously observed. Applications include
measurements of differential gain and phase, dynamic gain,
luminance signal linearity, luminance signal distortion caused
by chrominance signal non-linearity, and burst phase errors.

A unique, Tektronix-developed, chroma-step signal provides a
means to check luminance signal distortion caused by rectifi-
cation of the subcarrier signal. When a variable APL mode is
selected, subcarrier, phased to lead burst by 90°, may be added
to the pedestal lines either as a constant 30-mV signal or
amplitude modulated to produce 30-mV, 286-mV (40 IRE), and
572-mV (80 IRE) amplitudes. The amplitude modulated sub-
carrier is used to determine the effects of subcarrier rectifica-
tion upon luminance signals at all APL’s through the entire TV
system. The constant 30-mV subcarrier signal is used to
eliminate unnecessary portions of the display when making
differential phase measurements. The chroma-step signal is
also useful when checking video tape recorders for ‘“chroma
banding”.

Luminance Component—Peak amplitude with 5 or 10 step,
714 mV within 1%. Each step is 143 mV within 1% in 5 step
and 71.5mV in 10 step. Step risetime is 260 ns within 15%
and aberrations are within 2%. Step duration at blanking level
and at white level is 13.2 us within 5%. Intermediate step
durations are 6.6 us within 5%.

Chrominance Component—Amplitude is 143 mV P-P within 3%
and in phase with burst.

Differential Phase— 0.1° or less.
Differential Gain— 0.5% or less.

Subcarrier Envelope—Risetime is 375 ns within 15% and dura-
tion is 40 us within 5%. Envelope delay from horizontal sync
is 16.1 us within 5%.

50% Fixed APL—Each active line carries the modulated stair-
case signal. APL is 50% per IEEE standard, IEEE 2086.

Variable APL—Staircase signal is on every 5th line and on
the same lines each frame. The variable amplitude pedestal
signal is on the remaining 4 out of 5 lines. APL range is 10%
to 90% with lines without staircase having eleven selectable
pedestal levels from 0 IRE to 100 IRE. 0 IRE position provides
10% APL, 50 IRE position provides 50% APL, and 100 IRE
position provides 90% APL.
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Subcarrier Component—A three-position switch controls the in-
sertion of subcarrier on the pedestal lines. Pedestal positions
are: subcarrier off, unmodulated subcarrier, and modulated
subcarrier.

The unmodulated 90° subcarrier provides 30 mV P-P (approx
5 IRE at 90°) during active line time of 52.3 us.

The modulated 90° subcarrier is the chorma-step test signal.
This signal is 30 mV within 5 mV for approx 13 us, 286 mV (40
IRE) within 3% for approx 20 us (corresponding to 6-dB am-
plitude reduction from the amplitude of chrominance on 75%
amplitude red and cyan bars), and 572 mV (80 IRE) within 3%
for the last 20 us of the active line time (corresponding to the
chrominance amplitude of 75% amplitude red and cyan bars
phased at 90°). Incidental phase errors between 30-mV, 286-mV,
and 572-mV signals are 0.5° or less.

CONVERGENCE PATTERN

The convergence pattern signal is provided separate and inde-
pendent from the other test signals. It is useful for measuring
picture monitor or camera scanning linearity, aspect ratio,
and geometeric distortion. It conforms to IEEE standard 202.

Display Available—White crosshatch, vertical lines only, hori-
zontal lines only, white dots only, and crosshatch plus dots
(dots appear centered in the rectangles formed by the cross-
hatch pattern).

Convergence Pattern Signal Characteristics—The P-P ampli-
tude is 1V within 5%. Pulse amplitude is 77 IRE. Sync ampli-
tude is 40 IRE. Setup is 7 1/2%.

VERTICAL INTERVAL TEST SIGNALS

The modulated staircase or the color bar can be added on any
line from 15 through 21 of either or both fields. The phase of
the burst together with all other subcarrier frequency compo-
nents of the test signal outputs may be varied 360° with re-
spect to an external subcarrier frequency source.

It is possible to test an entire video system during program-
ming, including transmitters, with the 75% amplitude, full-field
color bar signal or the modulated staircase signal inserted on
line 18 or 19.

SYNC GENERATOR AND COLOR STANDARD

The EIA sync generator circuitry is largely digital, using inte-
grated circuitry for counting functions. The usual frequency
multiplier circuits and their attendant problems have been
avoided resulting in exceptional time stability. Internal ad-
justments permit some variation of widths, including burst flag
timing. These adjustments are preset to conform to FCC
standards.

Color Gen-Lock, External Subcarrier, and Internal Subcarrier
can be selected for color standard reference. The 146 NTSC
Signal Generator can synchronize the time of occurrence of
field, frame, line, and subcarrier from composite video input.
Front-panel lamps indicate loss of gen-lock H sync and/or sub-
carrier due to excessive noise and/or low amplitude.

The color standard has a proportional control oven for the
quartz crystal and the entire oscillator circuit. The frequency
stability achieved is well within FCC specifications. A front-
panel lamp indicates proper operation of the oven. When the
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internal color standard is used, the phase of the color sub-
carrier output is variable over a 360° range with respect to
the phase of the burst contained in the video output. When
an external color standard is used the phase of the burst (and
all other subcarrier frequency components of the test signal
outputs) may be varied 360° with respect to the external sub-
carrier source.

Phase-lock between the color subcarrier and the master sync
clock can be interrupted by front-panel push button. The sub-
carrier frequency remains within specifications, but chroma ap-
pears as an “envelope” because of phase-lock interruption. This
envelope facilitates measuring chroma to luminance delay and
other measurements.

Subcarrier—Frequency is 3.579545 MHz within 5 Hz. Outputs
are provided on the front and rear panels. Output impedance
is 75 Q within 5%. Isolation is at least 30 dB. Cutput level is 2V
P-P within 0.2V into 75%. Input requires 1V to 4V. Return
loss is at least 46 dB at 3.58 MHz.

GEN-LOCK

Input—Can be composite video or black burst, sync negative.
Input Level Range— 0.5V to 3V (1V nominal).

Input Return Loss— 46 dB to 5 MHz when terminated in 75 Q.
Phase Accuracy—Within 1° input burst variations 4+ or —10 Hz
of 3.579545 MHz.

Within 5° with ambient temperature variation from 0°C to
50°C; within 1° for any 10°C variation within 0° to 50°. Burst
must be 38.579545 MHz within 1Hz and oven temperature nor-
mal.

Within 1° with input signal 4+ or —3dB from 1V. Within 3°
with burst/sync ratio variation —6dB to 410 dB. Burst must
be 3.579545 within 1 Hz, ambient temperature 20°C and oven
temperature normal. Dynamic burst phase stability is within
0.1° with APL variation 10% to 90%; within 1° with -—24 dB
white noise.

Delay Range—Adjustable between 3 us before input sync to
1us after. Delay is stable within 70 ns. Factory-set to coinci-
dence.

Pull-In Time— 200 ms maximum.
Field/Frame Sync—Direct acting within one field.

COMPOSITE SYNC
OUTPUT

Independent, front- and rear-panel outputs are provided with
the two outputs isolated by at least 40 dB.

Qutput Level— 4V within 0.2 V.
Return Loss—At least 30 dB to 5 MHz.
Risetime— 115 ns within 10%.

INPUT*
Required Amplitude— 2V to 8V, negative-going.

Return Loss—At least 46 dB using loop-through input on rear
panel.

COMPOSITE BLANKING
Independent, front- and rear-panel outputs are provided with
the two outputs isolated by at least 40 dB.
Output Level— 4 V within 0.2 V.
Risetime— 115 ns.
Return Loss—At least 30 dB.

*Inputs are optional and only required for synchronizing with
another NTSC sync generator.
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VERTICAL DRIVE

One rear-panel output provides 4V within 0.2V.
Risetime— 115 ns.

Return Loss— At least 30 dB.

HORIZONTAL DRIVE
One rear-panel output provides 4V within 0.2 V.

Risetime— 115 ns.

Return Loss—At least 30 dB.

BURST FLAG
One rear-panel output provides 4V within 0.2 V.

HORIZONTAL BLANKING
11.1 us (digitally determined from 3.579545 MHz).

VERTICAL BLANKING
21 lines (digitally determined from 3.579545 MHz).

COMPOSITE VIDEO OUTPUT

Composite video consists of composite sync and video test sig-
nals as selected by front-panel controls. Independent front- and
rear-panel outputs are provided with the two inputs isolated by
at least 40 dB.

Output Level—1V P-P.
Return Loss— 30 dB from DC to 5 MHz.

OTHER CHARACTERISTICS

Power Requirements— 90 to 136 VAC or 180 to 272 VAC, 48 Hz
to 66 Hz, 55 watts maximum at 115 VAC and 60 Hz. Rear-panel
selector provides rapid accommodation for 6 line-voltage ranges.

Ambient Temperature—Performance characteristics are valid
over an ambient temperature range of 0° to +50°C (except as
noted).

Dimancinne and Wainhie

INCLUDED STANDARD ACCESSORIES

75-Q, through-line termination (011-0103-02); 3-conductor power
cord (161-0036-00); instruction manual (070-1111-00).

R146 also includes rackmounting hardware.

146 NTSC TEST SIGNAL GENERATOR . ... ... ... .. ... .. $2,500
R146 NTSC TEST SIGNAL GENERATOR (rackmount) ........ $2,500

U.S. Sales Price FOB Beaverton, Oregon
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according to internal selection of test signals and their time
address. Preview—VITS inserted only on program as viewed
on the preview monitor output; used for verification prior to
impressing these signals on program output. Auxiliary—Permits
the use of a non-composite video signal at the auxiliary input
(such as a sweep generator). This signal then appears at the
preview monitor output connector with composite blanking
and with sync added. This mode is not available by remote
control.

Auxiliary Pedestal—This control provides a DC offset so that
the auxiliary signal excursion may be positioned between the
black and white limits of the resulting composite video signal.

VITS Subcarrier Phase—This control adjusts phase of color
subcarrier on internally generated signals to be correct in
relation to the phase of incoming burst.

VIRS Incoming Indicator—Light indicates the presence of a
Vertical Interval Reference Signal on incoming composite video.
In this case, the generation of an internal VIRS is inhibited
(inhibition may be disabled internally). Incoming VIRS can be
observed on a suitable waveform monitor* connected to the
preview monitor output while internally-generated VIRS are
added to the opposite field. Such displays easily detect small
errors in the incoming VIRS.

PROGRAM CONTROL SYSTEM SPECIFICATIONS
Input Level—Adjusted to Unity Gain.
Variable Input Level— £30%.
Input Return Loss—Less than 46 dB to 5 MHz.
Output DC Level—Less than 50 mV (no signali).

Isolation between Program and Program Monitor Outputs—
Greater than 34 dB.

Inserted Signal Level— 714 mV (100 IRE) *=1% with 100 IRE
reference from APL generator.

Frequency Response, Program and Preview Channels—=*1%,
50 kHz to 5MHz; 4+1%, —5%, 5MHz to 8 MHz.

2 T Pulse to Bar Ratio— 100% *=0.5%.
Field Rate Squarewave Tilt—Less than 0.5%.
Line Tilt—Less than 0.5%.

Differential Phase at any APL, Standard Input—Program output
less than 0.15°. Preview output less than 0.15°.

Ditferential Gain at any APL, Standard Input—Program output
less than 0.2%. Preview output less than 0.4%.

Line Time Amplitude Non-Linearity—Less than 0.5%.

Random Noise Output Program Channel—Less than —75 dB
RMS,

*529 with —25V lead disconnected from the field selector switch to disable
field selection.
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Residual Subcarrier on Non-Inserted Lines—Less than —60 dB
P-P.

Hum, Transients on Non-Inserted Lines—Less than —60 dB.
Spurious Signals During Blanking Time—Less than —40 dB.

Signal Attenuation in “Delete” Mode— 2 T pulse greater than
—70dB; subcarrier (color bars) greater than —60 dB.

Crosstalk into Program Channel from Internal Signals—2 T
pulse less than —70 dB, subcarrier (color bars) —60 dB.

Unwanted Pedestal at Time of VIT Insertion—Program and
Preview Channel: Less than =0.5 IRE.

Line Timing Adjustment Range with External Sync—=3 us.
Jitter—Less than 5ns.

VERTICAL INTERVAL REFERENCE SIGNAL

The proposed VIR Signal is generated by the 147 and can be
inserted on line 20 of either or both fields. Standard operational
practices regarding the proposed VIR signal have not yet been
worked out. Therefore the 147 has been designed to be pro-
grammable for a number of possible operating modes which in
turn depend upon the presence or absence of a VIR signal on
the incoming program line.

Indicator lamps indicate the presence of an incoming VIR signal,
whether an incoming VIR is being deleted and whether a local
VIR is being inserted. Remote control of the VIR signal func-
tions is also available, with the indicators showing the actual
operating mode. In the absence of burst, no VIR signal will be
inserted.

MULTIBURST SIGNAL

Multiburst is generated by a function generator controlled by
the digital programmer. The function generator approach elimi-
nates the need for individual start-stop oscillators for each burst
and individual amplitude and AC axis adjustments for each
burst. Thus each burst start time is completely stable and each
burst consists of an exact integer number of cycles, regardless
of the frequency. Each burst starts at 0° of the first cycle and
ends at 360° of the last cycle. Location of the white flag may
be programmed with relation to the bursts as a means of source
identification.

White Reference Amplitude—100 |RE =1 IRE

Burst Amplitude—Full amplitude: 90 IRE plus 10 IRE setup or
100 IRE plus no setup. Half amplitude: 45 IRE plus 10 IRE
setup or 50 |RE plus no setup.

Average Burst Level— 55 *0.5 IRE with 10% setup; 55 IRE
*0.5 IRE with no setup.

Burst Frequencies— 0.5, 1.5, 2.0, 3.0, 3.6 and 4.2 MHz within
3%. Each independently adjustable.

Timing—Each burst starts at 0° of the first cycle and ends at
360° of the last cycle.
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LINEARITY SIGNAL

Linearity—Three linearity test signals are front panel selectable:
5 step, 10 step and ramp either modulated or unmodulated.
Luminance component is either 10 equal 10-IRE steps; 5 equal
20-IRE steps or a 100-IRE ramp, selected by front-panel switch.
The subcarrier component is phase-locked to color burst. Appli-
cations include measurements of differential gain and phase,
dynamic gain, luminance signal linearity, luminance signal dis-
tortion caused by chrominance signal non-linearity, and burst
phase errors.

Measurements of differential phase and gain can be made more
easily with 40-IRE subcarrier to override noise than with 20-IRE
subcarrier. Subcarrier amplitude can be increased to 40 IRE
by internal selection. Since this level of subcarrier should not
be used together with full amplitude staircase or ramp where
the test signal may be radiated, luminance amplitude of modu-
lated linearity signals can be reduced to 90 IRE by internal
adjustment.

Luminance Component—Peak amplitude 100 IRE within 1%.
Each step is 20 IRE, within 1%, in 5 step and 10 IRE in 10 step.
Step risetime is 230 ns within 15% and aberrations are within
2%. Duration at blanking level and at white level is 12 us.
Intermediate step durations are 6 us for 5 steps and 3 us for
10 steps.

Chrominance Component—Amplitude is 143mV P-P (20 IRE)
within 5% and in phase with burst (can be 286 mV (40 IRE)
with internal adjustment.

Differential Phase— 0.2° or less.
Differential Gain— 0.5% or less.

Subcarrier Envelope—Risetime is 375 ns within 15% and dura-
tion is 40 us within 5%. Envelope delay from horizontal sync
is 16.1 us within 5%.

Ramp Luminance Amplitude— 714 mV, 100 [RE *£1%.
Ramp Linearity—Within 1%.

Ramp Duration— 30 us.

FLAT FIELD SIGNAL

The Flat Field Signal is used primarily for variable average pic-
ture level (APL) vertical intervai testing. The Flat Field Signal
is a composite video signal which during the active portion
of each field has a constant luminance level. During the ver-
tical interval there will be present each test signal which has
been programmed for insertion as described in the Vertical
Interval Insertion/Deletion section.

The luminance level of the Flat Field Signal is selectable in
10 IRE unit increments from 0 to 100 IRE. An alternate selec-
tion provides a ‘“‘bounce” between 10 and 80 IRE at a 0.1 to
1.0 Hz rate. Thus the use of the Flat Field Signal permits the
use of the several test signais in the presence of a selectable
APL. This technique is useful in the measurement of APL-
dependent distortions.

Luminance Level of the Flat Field Signal—Within 2% of the
indicated level except the 100 IRE level which is within 1%.

Risetime—Shaped by sin? filter with first zero in the frequency
domain at 8 MHz.
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FIELD SQUAREWAVE

A sensitive measurement of field time distortion can be made
with this signal. In this mode, the 147 provides a composite
video signal with 170 active lines at 100 IRE, which approxi-
mates a 60 Hz squarewave. A composite video signal such as
this reveals low-frequency phase and gain distortions much as
a simple 60 Hz squarewave will do, but unlike the latter, it can
pass through clamper amplifiers.

Amplitude—Within =1 [RE of white reference.

Number of White Lines—57 through 227 on each field, all
remaining active lines are black.

Risetime—Shaped by sin? filter with first zero in frequency
domain at 4 MHz.

PULSE AND BAR SIGNAL

2 T, T pulses are generated to high precision by two 9-pole
Kastelein Filters. The digital programmer provides the high
degree of timing accuracy required in these pulses to eliminate
jitter and long term drift. The programmer also exactly de-
termines pulse-to-pulse spacing and bar duration. However, the
programmer may be readily re-programmed to produce different
spacings or bar widths in 2 us increments.

The sin? pulse may be either 2 T (0.25 us HAD) or T (0.125 us
HAD). The transitions of the bar are controlled by either of
two Kastelein filters so that frequency spectrum is limited to
4 MHz or 8 MHz. Shape of these transitions is integrated sin2.

For a specific application, the user may elect to program the
147 for any combination of T or 2 T pulse and T or 2 T bar.
As shipped, the pulse is 2 T, the bar is formed by the T filter.
This provides for K factor measurements of short time distor-
tion. Thus the pulse and bar test signal is useful to measure
line time and short time distortions.

The envelope of the modulated sin? pulse is formed in the
function generator rather than in a filter. The function generator
can be readily programmed for any desired pulse width from
1.5 to 2.5 us. Thus the 147 offers unique modulated sin? pulse
generator flexibility.

Modulated sin® pulse (20 T) is used in measuring relative gain
and delay errors between chrominance and luminance signals.
The 20 T modulated sin? pulse has a 2.5 us HAD and hence, its
frequency spectrum cuts off at 4.0 MHz. Greater sensitivity to
chrominance-luminance delay errors may be had by reducing
the pulse width (HAD).

As a full field test signal, the subcarrier component of the
modulated sin® pulse is phase modulated. The subcarrier could
be free running, however, it could slowly drift in frequency in
a manner annoying to the user. The frequency locked, phase
modulated approach assures a stable display.

When used as a VIT signal, neither field rate phase modulation
or frequency offsetting has utility. In the 147, a programmable
phase offset between burst and the subcarrier component of
the modulated sin? pulse is provided. This conveniently source-
codes the point in the system where the VIT signals are inserted.
This subcarrier component may be viewed on either a vector-
scope display or on most color monitors.
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Fig 13. 2 T pulse with 20 T modulated pulse
and bar.

2% AND 4%k FACTOR 25KSEC 27.PULSE

Fig 16. T pulse.

Fig 19. The Vertical !nterval Reference Signal
as generated by the 147,

Fig 22. Distorted VIR signal with low chroml-
nance on 520 Vectorscope Q display.

2% -AND 4% K FACTOR .254SEC 2¥ PULSE

Fig 14. 2 T pulse with 20 T modulated pulse Fig 15. 2 T pulse.

and bar.

Fig 17. 2 T pulse with T Bar double exposed. Fig 18. Typical Composite Signal on one full
line.

Fig 21, Distorted VIR signal on 520 Vector-
scope [ display. Burst and chrominance do not
indicating desaturation. null indicating phase error.

Fig 20. Distorted VIR signal on 520 Vector-
scope. Chrominance is measured as too low

Fig 23. Noise test with inserted noise in center
of line. Inserted noise is adjusted low for iden-
tification of time location.
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2 T Pulse Amplitude—Within 0.5 IRE of T Bar.
2 T HAD— 250 ns within 7.5ns.

2 T Ringing—Amplitude less than 0.5 IRE; duration less than
2 cycles.

Time Location—Internally programmable in 2-us increments.
T Bar Amplitude— 714 mV (100 IRE) £1%.
T Bar Risetime— 125ns *+15%.

T Bar Time Location—Start and Stop internally programmable
in 1-us increments.

20 T Modulated Pulse Peak Chrominance to Peak Luminance
Amplitude Difference—Less than 0.5 IRE.

20 T Modulated Pulse HAD— 2.50 us or can be internally set
to 1.57 us.

20 T Modulated Pulse Residual Subcarrier—Less than 0.5 IRE
on insertion line.

20 T Modulated Pulse Relative Chroma-Luminance Time De-
lay—Less than 5 ns.

WINDOW SIGNAL

The Window Signal is the same as the Pulse and Bar except
that the “Window” occupies lines 66 through 218 only. A
window signal can be used to measure both line time and
field time distortions. It is especially useful when observing
picture monitors. Where field rate distortion is present, the
window signal will be affected to a much greater extent than
the pulse and bar signal.

Amplitude— 100 IRE within 1 IRE.

Risetime—Internally programmable: either 2 T pulse and T
window or T pulse and 2 T window.

Window Duration—Lines 66 through 218.

COMPOSITE TEST SIGNAL

A composite test signal (fig. 18) is attractive as a multiple func-
tion signal for either VIT use, where the whole signal occupies
only one line per frame, or as a full field signal which may
be distributed throughout the entire plant on only one cable,
with obvious economic advantage. The composite signal can
be programmed in a variety of ways. Phase of the subcarrier
of the modulated 20 T pulse may identify the signal insertion
point.

NOISE

The 147 offers a unique signal-to-noise measuring technique
for “in-service” testing during the vertical interval. The noise
present in the middle portion of a line is deleted and noise
generated in a calibrated source is inserted for measurement
by comparison. The user varies a calibrated attenuator until
inserted noise and incoming noise appear the same on a wave-
form monitor. The noise values measured are independent
of operator interpretation errors to within 2 dB.
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Where transmission noise is to be measured, the noise may be
deleted on an entire line at the point from which the noise is
to be measured using one 147. Further down the transmission
system, a second 147 will match the noise level in the manner
described previously. This process may be repeated and the
transmission noise level determined for several sections of
the transmission system, or its overall performance evaluated.
Noise may be measured at 10, 50 or 100 IRE luminance levels.
The calibrated noise generator provides ‘flat” (white} noise or
triangular noise.

Noise Pedestal Amplitude—Selectable 0, 50, or 100 IRE within
0.2 dB.

Variable Pedestal—Provided.

Noise Levels— —20dB to —59dB in 1dB steps (0dB = 700
mV RMS).

Flat Noise Spectrum—Energy unit bandwidth: 15 kHz to 5 MHz
+6 dB. (Spectrum extends well beyond 5 MHz.)

Output Impedance— 75 Q.

Return Loss—Less than —30dB to 5 MHz.

OTHER CHARACTERISTICS
Power Requirements— 90 to 136 VAC or 180 to 272 VAC, 48 Hz
to 66 Hz, 55 watts maximum at 115 VAC and 60 Hz. Rear-panel
selector provides rapid accommodation for 6 line-voltage ranges.
Inputs—External VITS Input, Program Input, Auxiliary Input,
Composite Sync and Subcarrier.
Outputs—Program, Program Monitor, Preview Monitor (two each)
and Full Field.
Ambient Temperature—Performance characteristics are valid
over an ambient temperature range of 0° to --50°C (except as
noted).

Nimancinne and Wainhte

INCLUDED STANDARD ACCESSORIES
75-Q, through-line termination (011-0103-02); 3-conductor power
cord (161-0036-00); instruction manual (070-1169-00).

R147 also includes rackmounting hardware.

147 NTSC SIGNAL GENERATOR ........ .......... ... ... $2700
R147 NTSC SIGNAL GENERATOR (rackmount) .... ... .. . $2700

U.S. Sales Prices FOB Beaverton, Oregon

wwWwW americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorvy com


www.americanradiohistory.com

PAL COLOUR BARS

LUMINANCE AND CHROMINANCE AMPLITUDE ACCU-
RACIES (25°C reference) Component amplitudes comply with
the CCIR signal requirements as defined by CCIR, 17th Ple-
nary Assembly, 1966, Vol. 5, p. 281. Absolute amplitudes of
luminance signal, setup and sync are within 1% or 1.5mV,
whichever is greater. Absolute amplitudes of all subcarrier
frequency components {chrominance, U and V) are within
3%. Relative amplitudes of all subcarrier frequency compo-
nents (chrominance and burst) are within 1% or residual
subcarrier plus 1 mV whichever is greater, of the red chromi-
nance bar.

BAR WIDTH—6.5 us within 5%.

WHITE REFERENCE—100% amplitude (normal); or 75% am-
plitude.

CHROMINANCE—Time difference between luminance and
chrominance channels is 20ns or less. Risetime is 260 ns
within 10%. U, V quadrature error is 0.5° or less, V axis
phase-switcher error is 0.5° or less.

RESIDUAL SUBCARRIER—At least 52dB below 1V except
30dB at end of H blanking.

ABERRATIONS—Within 4% of 1V P-P,
SPURIOUS SUBCARRIER—Aft least 52dB below 1V when

viewed on a Type 529 Waveform Monitor. Other spurious
outputs are at least 52 dB below 1V also.

EBU colour bars—75% amplitude, 100% saturation, EBU colour bars—75% amplitude, 100% saturation,
0% setup and 75% white reference.

0% setup and 100% white reference.

100% colour bars—100% amplitude, 100% saturation,
0% setup, 100% white reference.

32

PAL colour bars, [uminance component switched off
(vertical gain of waveform monitor increased).

MODULATED STAIRCASE

LUMINANCE COMPONENT-—5-step amplitude is 700 mV with-
in 1%. Single-step amplitude is 140 mV within 1%. Step
risetime is 260 ns within 15%. Step duration at blanking
level and white level is 13 s within 5%. Intermediate step
durations are 6.5 us within 5%. Aberrations are within 29
of step amplitude.

CHROMINANCE COMPONENT—Amplitude is 140mV P-P
within 3%. Phase is 180°.

DIFFERENTIAL PHASE—0.1° or less.

DIFFERENTIAL GAIN—0.5% or less at 0%, 50% and 100%
APL.

SUBCARRIER ENVELOPE-Risetime is 240 ns within 15%, and
duration is 39 ps within 5%,

50% FIXED APL—Each active line carries the modulated
staircase signal. APL is 50%.

VARIABLE APL—Staircase signal is on every 4th line and the
same line every frame. Luminance level range is 700 mV in
10 equal increments, within 2%. The 90°/270° subcarrier
modulation on the variable APL lines is 30 mV within 20%.

CONVERGENCE PATTERN—The Type T41A MOD 703Z pro-
vides a convergence pattern signal separate and independent
from the other test signals. It is useful for measuring picture
monitor or camera scanning linearity, aspect ratio, and geo-
metric distortion. Displays available are: cross hatch, ver-
tical lines only, horizontal lines only, and cross hatch plus
dots (dots appear centered in the rectangles formed by the
cross-hatch pattern). The Type 141A MOD 703Z retains all
the features of the standard Type 141A.

BBC 95% colour bars—75% amplitude, 100% sat-
uration, 25% setup and 100% white reference.

Vertical Insertion Test Signal, 5-step staircase with
PAL subcarrier on line 16, field 1.
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VERTICAL INSERTION TEST SIGNAL

The staircase signal may be keyed on during a selected line
of the vertical blanking interval, either or both fields {line
11-22 on Field 1 and line 324-335 on Field 2).

SYNC GENERATOR

ALL AMPLITUDES ARE SPECIFIED WITH 75-0 LOAD IMPED-
ANCE. ALL CONNECTORS ARE BNC TYPE. RETURN LOSS
(WHERE APPLICABLE) 1S ALWAYS CREATER THAN 30dB.
ISOLATION BETWEEN ALL OUTPUTS IS ALWAYS GREATER
THAN 40 dB.

SUBCARRIER—Frequency is 4.43361875 MHz (long term drift)
within 1 Hz/2 week period. Outpuis—Three outputs (one
front panel and two rear panel). Output level is 2V P-P
within 0.2V. Output frequency is unaffected by position of
25-Hz offset switch on front panel.

COMPOSITE SYNC—A front-panel and a rear-panel output
is provided. Output level is 4V within 0.2V. Risetime is
260 ns within 15%,.

PAL PULSE—Two outputs [one front, one rear panel). Ampli-
tude and phasing are internally selected to be either of the
following: 1) Squarewave—1 V P-P within 0.05V with transi-
tions occurring with each horizontal sync pulse. Either positive
or negative transition is coincident with leading edge of line
sync pulse with 135° or 225° burst phasing, (as internally
selected). 2) Pulse—4 V P-P within 0.2V, duration 4.7 s within
0.2 s with negative transition coincident with leading edge
of line sync pulse on lines with 135° or 225° burst phasing,
(as internally selected).

COMPOSITE BLANKING—One rear-panel output provides 4V
within 0.2 V. Risetime is 260 ns.

LINE DRIVE—One output {on rear panel). Output level is Vv
within 0.2 V. Risetime is 260 ns.

FIELD DRIVE—Two outputs (one front panel, one rear panel).
Qutput level is 4V within 0.2 V. Risetime is 260 ns.

BURST FLAG—OCne rear-panel output provides 4 V within 0.4 V.
Duration is 2.2 us within 5%, delay from horizontal sync is
5.5 us within 5%,.

1-MHz REFERENCE FREQUENCY—One rear-panel output. Fre-
quency is 1.000000 MHz when subcarrier is 4.43361875 MHz
with 25-Hz offset. Amplitude is 1V P-P within 0.2 V.

25 Hz—Cre rear-panel output. Output level is 1V within 0.2 V.

12.5 Hz—One rear-panel output. Output level is 1V within
02V.

LINE PERIOD—64 us {derived from PAL subcarrier frequency).

BURST—Half amplitude duration of envelope is 2.2 us within
5% {approximately 10 cycles). Burst delay is 5.5 us within
0.2 us. Burst component is 300 mV P-P within 3%. V compo-
nent is 212 mV P-P within 3%. U component is 212 mV P-P
within 3%. Amplitude ratio of U/V is 1.00 within 1%. Am-
plitude on successive lines—smaller is between 97% and
100% of the larger. Phasing—135° within 1° and 225° with-
in 1° on successive lines. Phasing between successive bursts
is 90° within 1°.
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LINE BLANKING—11.8 us to 12.2 ps.
FRONT PORCH—1.8 us within 5%.

LINE SYNC PULSE—Width is 4.7 us within 0.2 us; risetime is
260 ns within 15%,.

FIELD PERIOD—20 ms (digitally derived from 4.43361875 MHz).

FIELD BLANKING—25 lines, 1600 us (digitally derived from
4.43361875 MHz).

EQUALIZATION PULSE SEQUENCE DURATION—First se-
quence, 2.5H (lines); second sequence, 2.5H (lines).

FIELD SYNC PULSE—Duration 27.3 us within 0.2 us.
INTERVAL BETWEEN FIELD SYNC PULSES—47 us within 0.2 ps.

OTHER CHARACTERISTICS

COMPOSITE VIDEO OUTPUT
Two outputs are provided through BNC type connectors, one
front panel and one rear panel. Composite video consists
of composite sync and video test signals as selected by front-
panel controls. Amplitude is 1V P-P into 75Q. Return loss
is at least 30dB. Isolation is at least 40 dB.

PCWER REQUIREMENTS
90 to 136 VAC or 180 to 272 VAC, 48 Hz to 66Hz. 55W
max at 230 VAC, 50 Hz. A rear-panel selector provides ac-
commodation for é line voltage ranges.

AMBIENT TEMPERATURE—Performance characteristics are val-
id over an ambient temperature range of 0°C to +450°C
(except as noted).

DIMENSIONS AND WEIGHTS

Type T41A Height 3, in 8.9 cm
Width 1634 in 42.6 cm
Depth 18", in 471 cm
Net weight 173 Ib 8.0 kg
Type R141A  Height 3, in 89 kg
Width 19 in 48.3 cm
Depth 18Y, in 47.1 em
Net weight 18V, b 8.4 kg

INCLUDED STANDARD ACCESSORIES
75-Q through-line termination (011-0103-02}; 77/, foot 3-wire
power cord (161-0036-00); instruction manual (070-1008-00).
Type R141A also includes rackmounting hardware.

TYPE 141A PAL TV TEST SIGNAL GENERATOR ... $2150
TYPE R141A PAL TV TEST SIGNAL GENERATOR .. $2150
TYPE 141A MOD 703Z PAL TV TEST SIGNAL GENERATOR

(Includes convergence test pattern) ... ........... $2335
TYPE R141A MOD 703Z PAL TV TEST SIGNAL GENERATOR
{Includes convergence test paftern) .............. $2335

U.S. Sales Prices FOB Beaverton, Oregon
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Ihe monitor has either internal (displayed video) sync capa-
bility or external sync capability. The external sync input con-
nector grounds are isolated from the chassis. Center conduc-
tor and braid of the coax drive a differential input amplifier to
provide rejection of common-mode signals in the signal path.
The two external rear panel inputs are high impedance loop-
through connected. The sync input can be terminated externally
by a precision 75 ohm termination.

VIDEO

Composite Video Inputs—Push buttons select one of two loop-
through, compensated inputs (A or B) or a differential input
(A-B). Inputs are on rear panel with outer coax conducter
isolated from ground for common-mode rejection.

Unterminated Input Impedance—Approximately 15 k2 paralleled
by 25 pF.

Return Loss— 46 dB DC to 10 MHz.

Frequency Response— 0% to —5% to 6 MHz at 100% white
amplitude, 0 to —3 dB to 20 MHz at 25% white amplitude.

Pulse Response— 0.98 to 1.02 pulse to bar ratio wth less than
2% overshoot. Bar will be flat within 2%.

Differential Gain Distortion—Less than 2%.

Dynamic Gain Distortion—Less than 1%.

36

DC Restoration—Keyed back porch clamp. No observable
black level shift from 10% to 90% APL.

Noise—Monitor noise including cross talk from power supplies
and deflection circuits is not observable.

Notch Filter—At least 12 dB reduction of subcarrier effect on
displayed luminance. Push button enables or disables filter.
Filter response is automatically changed when fieid/line rate
is switched to accommodate NTSC and PAL subcarrier fre-
guencies.

DISPLAY

Contrast—Calibrated contrast setting can be selected for 1
volt levels. Variable contrast can be selected for 0.25V to 1V
and 0.5V to 2V levels.

Brightness—When operated with 1V P-P composite signal with
10 IRE setup scanning lines will just be decernable. Calibration
for other setup levels can be set internally. A variable control
is provided for other than calibrated operation.

Display Size—Front-panel variable control of height and width
is provided. A push button can select a 0.85 X display size for
observing picture edges.

Display Linearity—Non-Linearity within 1.5% of full picture
height; within 1% with 0.85 X size display.
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MONOCHROME OR CHROMINANCE DISPLAY MODES

When monitoring color signals, it is essential that the chromi-
nance subcarrier signal not reach the picture tube. The effects
are objectionable dot structure crawling vertically. The 650
provides luminance bandpass switching with phase equalization
as the best way of preventing chrominance signals from reach-
ing the picture tube.

In the 650 care has been taken to regenerate the color sub-
carrier from the burst with great accuracy, despite the many
possible errors which may occur in burst regarding timing,
amplitude or transients (quadrature components).

Automatic—When in AUTO, the 650 automatically activates
or deactivates the chrominance channel, depending upon
whether the video signal is color or monochrome.

Color—In this mode the chrominance channel is continuously
activated (forced color).

Monochrome—In this mode the chrominance channel is deacti-
vated regardless of whether the video signal is color or mono-
chrome and the luminance channel bandwidth is automatically
increased.

DISPLAY SIZE

A front panel switch selects either a full screen raster or an
underscan raster for visual inspection of the picture edges
and VITS.

REGULATED POWER SUPPLIES

The Trinitron operates at 19 kV from a regulated EHT supply.
The low voltage and EHT power supplies are fully regulated
against line and load changes, giving excellent picture stability.
The EHT power supply is interlocked with the horizontal and
vertical deflection circuits to prevent kinescope damage in the
event of a deflection failure.

OTHER FEATURES

Manual degaussing is provided. The 650 is available in either
a 10-1/2" rackmount form or cabinet form. A 24-volt tally lamp
is provided with a set of numbers for the tally window.

40

Available as an extra-cost, factory installed option is a pro-
vision for monitoring unencoded video signals in addition to
normal operation. Typically RGB signals will provide addi-
tional resolution over encoded signals, and this input may be
used to observe color television signals decoded from another
standard such as SECAM or PAL. The RGB inputs are iso-
lated from each other and chassis.

For customers working with color TV signals encoded in PAL
(625/50, 4.433 MHz subcarrier), a color picture monitor ac-
cepting PAL signals will also be available. This unit will have
characteristics similar to the 650 and will also have provision
for the factory modification to accept RGB signal inputs.

OTHER CHARACTERISTICS

Power Requirements— 104 VAC o 126 VAC, or 198 VAC to
242 VAC; 48 Hz to 66 Hz; 160 W maximum.

Dimensions and Weights

INCLUDED STANDARD ACCESSORIES

Power cord (161-0036-00); tally light connector plug (134-0132-
00) and clamp (343-0309-00); indication symbols for tally light;
instruction manual (070-1161-00).

650 PICTURE MONITOR

U.S. Sales Price FOB Beaverton, Oregon

wwWwW americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorvy com


www.americanradiohistory.com

www americanradiohistorvy com


www.americanradiohistory.com

www americanradiohistorvy com


www.americanradiohistory.com

www americanradiohistorvy com


www.americanradiohistory.com

United States Field Offices And Service Centers

TEKTRONIX, INC.

P. O. Box 500, Beaverton, Oregon 97005

Telephone: (503) 644-0161 Telex: 36-691 Cable: TEKTRONIX

ALABAMA

*Huntsville 35801

Suite 51, 3322 S. Memorial Parkway
Phone (205)881-2912, Telex 59-4422

ARIZONA

Phoenix

7045 E. Camelback Road
Scottsdale 85251

Phone (602)946-4273, Telex 66-7401
Tucson Area: ENterprise 383

CALIFORNIA

*Alhambra 91801

Suite D, 1525 S. Garfield Avenue
Phone (218)576 -1601, Telex 6-74397
From L.A. call: 283+ 0501

*Concord 94520

2339A Stanwell Circle

Phone (415)687-8350, Telex 335-344

From Qakland, Berkeley Richmond,
Albany and San Leandro: 254- 5358

*Qrange 92667
1722 E. Rose Avenue
Phone ({714)633-3450, Telex 6-78432

*Palo Alto 94303
3750 Fabian Way
Phone (415)326-8500, Telex 34-8411

*San Diego 92120
Suite 107, 6150 Mission Gorge Road
Phone (714)283 -6225, Telex 69-5025

San Jose

Suite 18, 1725 De La Cruz Bivd.
Santa Clara 95050

Phone (408)296-3010, Telex 34-6439

Santa Barbara 93104
1310 Santa Barbara Street
Phone (805)963-1848, Telex 658-424

*Van Nuys 91406

16930 Sherman Way

Phone (213)987-2600, Telex 65-1426
From L.A. call: 873-6868

COLORADO

*Denver 80222

2120 South Ash Street

Phone (303)757-1249, Telex 45-662

CONNECTICUT

*Hartford

809 Main Street

East Hartford 06108

Phone (203)289-8695, Telex 9-9338

Stamford 06902
125 Strawberry Hill Avenue
Phone (203)325-3817, Telex 96-5917

FLORIDA
Fort Lauderdale 33311
1871 West Oakland Park Blvd.
Phone (305)731-1220, Telex 51-4474
Also serves Puerto Rico and

U.S. Virgin Islands

*QOrlando 32803

Suite 185, 1010 Executive Center Dr.

Phone (305)841-2382, Telex 56-4465

From The Cape Kennedy Area:
636-0343

Pensacola 32501
Suite T1, Fairfield Plaza
Phone (904)434-2785, Telex 70-2430

GEORGIA

*Atlanta 30329

Suite 106, 1680 Tullie Circle, N.E.
Phone (404)633-0344, Telex 54-2233

ILLINOIS

*Chicago

Suite 104, 2590 E. Devon

Des Plaines 60018

Phone (312)298-6666, Telex 72-6347

Hinsdale 60521
Suite 111, 119 E. Ogden Avenue
Phone (312)325-3050, Telex 25-3694

*Service Center/Field Office

INDIANA

*Indianapolis 46219

6121 East 30th Street

Phone (317)546-2408, Telex 27-348

KANSAS

Kansas City

Suite 101, 6025 Lamar

Mission 66202

Phone (913)432-1003, Telex 4-2321

MARYLAND

*Baltimore

1526 York Road

Lutherville 21093

Phone (301)825-9000, Telex 87-804

From Harrisburg, Lancaster and
York Area call: ENterprise 1-0631

*Rockville 20852

1500 East Jefferson Street

Phone (301)881-6133, Telex 89-2337

MASSACHUSETTS

*Boston

244 Second Avenue

Waltham 02154

Phone (617)894-4550, Telex 92-3446

Methuen 01844
240 Pleasant Street
Phone (617)685-1511, Telex 94-7458

Natick 01760

209 West Central Street, Room 6
Phone (617)655-5131, Telex 94-8400
From Boston call: 235-8233

MICHIGAN

*Detroit

22132 West Nine Mile Road

P.C. Box 363

Southfield 48075

Phone (313)358-3122, Telex 23-400

MINNESOTA

Minneapolis 55426

Suite 115, 7516 Wayzata Bivd.
Phone (612)545-2524, Telex 29-689

*St. Paul 55112
3775 North Dunlap Street
Phone (612)484.7255, Telex 29-7095

MISSOURI

St. Louis 63135

119 North Harvey Avenue

Phone (314)524-0900, Telex 44-851

NEVADA

Las Vegas 89102

5128 West Charleston Blvd.

Phone (702)870-8201, Telex 68-4419

NEW JERSEY

Cherry Hill 08034

905 Kings Highway, North

Phone (609)667-4333, Telex 84-5338
*Springfield 07081

964 South Springfield Avenue
Phone (201)379-1670, Telex 13-8259

NEW MEXICO

*Albuquerque 87108

1258 Qrtiz Drive, S.E.

Phone (505)268-3373, Telex 66-0421
Southern N.M. Area: ENterprise 678

NEW YORK

*Albany

678 Troy Road

Latham 12110

Phone (518)785-3353, Telex 145-402
Buffalo 14225

965 Maryvale Drive

Phone (716)633-7861, Telex 91-385
*Endicott

3214 Watson Blvd.

Endwell 13763

Phone (607)748-8291, Telex 933-421

wwWwW americanradiohistorv com

*Long Island

125 Mineola Avenue

Roslyn Heights, L.I. 115

Phone (516)484 -2300, Telex 96-1328
Poughkeepsie 12603

1 Old Mill Road

Phone (914)462-4670, Telex 96-8414
*Syracuse 13211

112 Pickard Building

5858 E. Molloy Road

Phone {315)455-6666, Telex 937-239

NORTH CAROLINA
*Greensboro 27405

1011 Homeland Avenue

Phone (919)274-4647, Telex 57-4416

OHIO

Cleveland 44129

5562 Pearl Road

Phone (216)884-6558, Telex 98-5217
Columbus

Suite 5, 12 West Selby Blvd.
Worthington 43085

Phone (614)888-4040, Telex 24-5497
Dayton 45439

3309 Office Park Drive, Suite 103
Phone (513)293-4175, Telex 2-88225

OKLAHOMA

Oklahoma City 73105

901 Office Park Plaza

Phone (405)848-3361, Telex 7-1459

OREGON

Portland

8845 S.W. Center Court

Tigard 97223

Phone (503)639-7691, Telex 36-0205

PENNSYLVANIA

*Philadelphia

126 Presidential Blvd., North
Bala-Cynwyd 19004

Phone (215)839-3111, Telex 83-4218
Pittsburgh

3834 Northern Pike

Monroeville 15146

Phone (412)351-3345, Telex 86-761

RHODE ISLAND

Providence

2845 Post Road

Warwick 02886

Phone (401)739-4771, Telex 92-7662

TEXAS

*Dallas 75240

4315 Alpha Road

Phone {214)233-7791, Telex 73-0570
*Houston 77027

Suite H, 3723 Westheimer

Phone (713)622-8141, Telex 77-494
San Antonio 78209

8031 Broadway

Phone (512)826-0686, Telex 76-7456
From Austin Area: ENterprise 9915

UTAH

*Salt Lake City 84115

65 West 2950 South

Phone (801)484-8501, Telex 388-365

VIRGINIA

Alexandria 22304

Suite 11, 5249 Duke Street

Phone (703)751-6096, Telex 8-9406
Hampton 23366

1310 Todds Lane

Phone (703)826-4020, Telex 82-3409

WASHINGTON

Seattle 98188

410 Baker Blvd.

Andover Industrial Park

Phone (206)243-2494, Telex 32-488

WISCONSIN

Milwaukee 53226

Mayfair Plaza

2421 North Mayfair Road

Phone (414)476-6850, Telex 2-6604
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