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CERTIFICATE OF WARRANT'{ 

Delta warrants to Purchaser that the product it delivers will be 
free of defects in materials and be of good quality and workmanship. 

This warranty applies to the period of one year from the date of 
delivery except for com{X)nent parts purchased from other sources and 
assembled in Delta's production. Such component parts bear only the 
warranty of the manufacturer thereof in effect at the time of shipnent to 
Purchaser. 

Delta will, at its own expense and, after written notice has been 
received and acknowledged by Delta, repair or replace any product which 
proves to be defective {according to the usage of the trade) during the 
above designated warranty periods when such product is received by Delta at 
its Alexandria address with shipnent costs prepaid by Purchaser. 

Delta will not be liable for consequential damages. 

No other warranty is expressed or implied. 
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GENERAL INFORMATIOO 

SAFET'i PRECAUTlrns 

. This Manual is intended for use by trained and qualified operating 
or service personnel who are familiar with the dangers inherent in handling 
potentially hazardous electrical and/or electronic circuits. It is not 
intended to contain a complete statement of all safety precautions which 
should be observed by personnel using this or other electronic equipnent. 

Avoid risking electrical shock in handling all circuits where 
substantial currents or voltages may be present. 

The procedures outlined in this Manual are based on the information 
available at the time of publication. However, the manufacturer cannot 
assume liability with respect to technical application of the contents and 
shall, under no circunstances, be responsible for damage or injury (whether 
to person or property) resulting from its use. 

REPLACEMENT PARTS 

To obtain service replacement or warranty items, write or call 
Delta. Please supply Product Identification (Model Number and Serial 
Nunber) and Replacement Part Identification (including Stock Number and 
Description). Shipping of replacements may be unduly delayed if the 
necessary information is not supplied . A complete List of Materials is 
provided in this Manual. 

EQUIPMENT 01\MAGED IN TRANSIT 

This item should be unpacked and inspected for damage WITHIN 15 
DAYS after receipt. If concealed damc:19e is discovered, imnediately notify 
the carrier, confirming the notification in writing, and secure an 
inspection report. Report all shortages and damages to Delta at the 
location shown below. 

Delta will file all claims for loss and damage on this equipnent so 
long as the inspection report is obtained. Disposition of the damaged items 
will be furnished by Delta. 

FIELD ENGINEERING SERVICE 

Requests for installation, field engineering or service assistance 
should be directed to Delta. 
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FO~RD 

I. WHAT IS C-QUAM? 

C-QUAM is the Compatible Quadrature Amplitude ~dulation method of 

stereo transmission by which a main (L+R) and a subchannel (L-R) signal are 

transmitted on a single carrier. This is accomplished by using two 

modulation modes to transmit the main and stereo information channels. 

Stereo receivers separate the signals to ultimately produce left and right 

channel audio while typical monophonic receivers detect only the L+R (mono) 

content of the C-QJAM signal. '111e irost imp:>rtant feature of C-QUAM is that 

no compromises are made in the monophonic performance in order to transmit 

stereo. It is truly a compatible stereo transmission system. 

II. AM ANO PM 1'l)()(JLATICN 

To ensure a full understanding of C-QUAM a quick presentation of 

modulation characteristics is in order. 

Amplitude modulation is the process in which one signal's amplitude 

is varied by another signal. An oscilloscope display depicts the amplitude 

variation versus time of the AM signal. '111is is the familiar RF envelope 

display illustrated in Figure lA. '111e AM signal can also be described in 

the frequency domain with an amplitude versus frequency plot. Figure 18 

illustrates a typical spectrum analyzer display of an AM signal. The 

display reveals a carrier and two sidebands separated from the carrier by 

the modulating frequency. In AM, as the modulation is increased, the 

sideband amplitudes increase but the average carrier l evel remains constant. 

F-1 
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FIGURE 1 

I AMPLITUDE t-'ODULATION 
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Phase modulation results in very different time and frequency 

domain plots. PM is generated by varying the phase of the carrier· signal, 

and thus, its frequency, while the amplitude remains constant. Figure 2A 

illustrates a PM signal RF envelope. The spectrum analyzer plot of a PM 

signal reveals sidebands spaced at multiples of the modulation frequency 

from the carrier. Since the amplitude of the PM signal is constant, the 

phasing of the sidebands is such that they add and subtract to produce a 

constant amplitude. Figure 2B illustrates the PM signal spectrum plot. 

Since the phase of the carrier is not affected by amplitude 

variations, a phase detector output is zero when an AM signal is input. 

Simila~ly, an envelope detector does not detect {ilase variations of the PM 

signal . All the sidebands add and subtract according to their phasing to 

produce a constant amplitude RF signal. Thus, a {ilase modulated carrier can 

also be amplitude modulated producing a signal that carries two channels of 

information easily separated at the receiver. Most important is the fact 

that neither modulation mode affects the output of the other mode detector. 

This. effect allows C~AM to be perfectly compatible with all AM receivers. 

C~AM transmits the L+R (mono) information with AM while the L-R (stereo) 

information is contained on the PM signal . The millions of existing 

envelope detector type radios now in use detect only the L+R AM signal, thus 

producing a clear undistorted mono audio signal that is completely 

unaffected by the L-R stereo subchannel information sent on the same 

carrier. Stereo decoders detect the L+R and L-R separately and dematrix 

them to produce left and right stereo audio. 

F-3 
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III. GENERATit,l; C-QUAM 

The AM/PM method of stereo transmission discuss ed can be ·achieved 

by several methodologies. C-QUAM uses the L+R information to produce an in 

phase, I, AM signal while the L-R information is used to gene rate a 

quadrature (90° phase shifted), Q, A.~ signal. Surming the I and Q signals 

results in a signal that is both amplitude modulated and phase modulated. 

This quadrature amplitude modulated (QUAM) signal is not compatible with 

envelope detector receivers because the Q channel amplitude affects the 

amplitude of the sum of the I and Q channels. The QUAM signal is thus 

passed through a limiter to strip off the amplitude variations leaving only 

a phase modulated carrier. This phase modulated carrier generated from 

quadrature amplitude modulation replaces the carrier normally generated by 

the crystal oscillator in the broadcast transmitter. '11le I information 

(L+R) can then be used to amplitude modulate the phase modulated carrier in 

the broadcast transmitter as is done in conventional AM. 'Ibe output of the 

transmitter is thus the C-QUAM signal. Figure 3 illustrates the C-QUAM 

transmission methodology. 

' F-5 
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1.1 SCOPE 

SECTION 1 

INTROOUCTIW 

This manual describes the installation, adjustment and maintenance 

of the C-QUAM Stereo System ASE-1/ASM-l manufactured by Delta Electronics, 

Inc. The information in this manual is intended for use only by Delta 

trained or approved Installation Team personnel. Section 2 deals with 

checkout of newly delivered C-QUAM Stereo equipnent. Section 3 instructs 

measurement of broadcast transmitter performance with the ASM-1. Section 4 

discusses the ASE-1/transmitter RF interface. Section 5 describes the 

required audio connections and adjustments for phasing and equalization. In 

Section 6, procedures are given for the first Proof of Performance 

measurement process involving the new equipment. Sections 7 and 8 are 

Equipment and Assembly level Lists of Material, and Assembly Schematic 

Diagrams, respectively. 

As noted in the accompanying Customer Information, Del ta warrants 

its C-QUAM Stereo products as to material integrity, unit quality and 

workmanship, excluding comfOnent parts purchased from other sources. Also, 

this Manual is intended for use only by personnel familiar with potentially 

hazardous electrical/electronic circuitry. It does not contain a complete 

statement of safety precautions. The information presented is accurate up 

to Issue Date., but Delta cannot assume liability for technical application 

of that information, nor for damage or injury resulting from use of the 

subject C-QJAM Stereo equipnent. 

/ - / 
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1.2 SYSTEM SPECIFICATIOOS 

1.2.1 Sys tem Closed Loop Performance 

The following measurements repres ent typical closed loop 

perfonnance of the Exciter operating into the Monitor. 

Stereo Separation: 

35 dB minimlJ'I\, 100 Hz to S kHz 

Frequency Response: 

L,R 50 Hz to 15 kHz+/- 1.0 dB 

Harmonic Distortion: 

L = R monaural 0 . 25% max., at 
85% mod. 

L = -R pure stereo 0.5% max, at 
85% mod . 

L, R single channel 1. 0% max., 
at 70% mod.* 

*NCYrE: 'Ibis is equivalent of 140% 
modulation 70% envelope modulation, 
simultaneous with 70% stereo infor
mation. 

1.2. 2 ASE-l/ASM-1 Unit Specifications 

EXCITER MOOITOR 

Audio Input: 
Right and Left 0-10 dBm 
Adjustable, 600 ohms 
balanced 

Meter Range: 
-20 to 3 dB 
O dB= 100% modulation 

RF OUtput: 
Adjustable, to 3W (Carrier 
frequency) into 50 ohms 

Audio to Transmitter (L+R)r: 
Adjustable, to 16 dan 

RF. Input: 
1-10 volts RMS, 
impedance 50 ohms 
Frequency crystal controlled 

Modulation Meters' Range: 
0-140% , -20 to 3 dB 
Adjustable , Oto -50 dB in 
-10 dB steps 

Accuracy: 
,±_2%, at 100% mod.,400 Hz 

. ,., 
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1.2.3 ASE-1/ASM-l Controls and Indicators 

EXCITER 

Meter Functions: 
(L+R)Q and (L-R)Q or 
LEFT and RIGHT selected by 
front panel switch 

Also (L+R)I using (L+R) ENV 
switch under front panel cover 

Mode Switches: 
srEREO/MOOAURAL 
switch under front panel cover 
NIGHT,IIY,.Y 
switch under front panel cover 

Pilot Tone switch: 
00/0FF 
switch under front panel cover 

LED Indicators: 
srEREO, NIGHT, PILOI' 

Phase Equalization: 
Adjustable internally 

Exciter outputs: 
BNC connectors, rear panel 
High Level carrier frequency, 
phase roodulated 
TTL Level carrier frequency, 
phase roodulated 
Unmodulated carrier frequency 
sync output 
Sample Transmitter C-QUAM output, 
2 volts peak-to-peak into 50 
ohms for closed loop tests. 

Barrier Strip, rear panel 
L+R audio output 

Modulation Meters' Functions: 
(+) or (-) Land L+R, or 

Rand L-R 
Front panel switch 

Peak Modulation Indicators: 
(L+R) Group: 
-100% indicator internally set to 
flash when modulation exceeds -99\ 
+125% indicator internally set to 
flash when modulation exceeds +124\ 
Peak Indicator adjustable via 
wheel switches from 30% to 150%. 
Modulation selectable via push
button switches + or -

(L-R) Group: 
Negative limit set internally to 
flash at 1.46 radians or 83.670 
(L-R) limit set internally to flash 
when roodulation exceeds 99\ 
Peak flasher adjustable via thl.lllb
wheel switches for 30\ to 125\ 

Monitor OJtputs: 
BNC connectors,rear panel 
Remote Flashers (L+R), (L-R) 
Remote Meters (L+R), (L-R) 
Right and Left Audio 
600 otms, balanced and unbalanced 
(L+R), (L-R) and 25 Hz 
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1.3 

1. 3. 1 

REF 

M801 
M802 

DS801 

DS802 

S801 

DS803 

R782 

R781 

R784 

S803 

S802 

S805 

S804 

R783 

ASE-1 STEREO EXCITER DESCRIPTION 

Exciter Front Panel 

DESCRIPTION FUNCTION 

Meters Audio level meters for test/set up 
Note: the meters are not to be 
used as an indication of modulation 

Pilot Indicator LED On/Off indication of pilot output 

Stereo Indicator LED On/Off indication of stereo 
operating mode 

Function switch Top - (L+R1) set up position 
indicating the relative level of 
left and right channel audio drive. 

Night Indicator LED 

+ Limit 

- Limit 

L+R Mj 

Mono/Stereo switch 

Stereo Pilot switch 

L+R Envelope switch 

Night/Day switch 

Balance 

Bottom - (L+RQ) indicates L+R and 
L-R audio drive levels 

On/Off indication of night 
operating mode 

* Audio drive level limiting 
adjustment 

* Audio drive level limiting 
adjustment 

Sets output levels of L+R signal 
fed to modulation input of station 
transmitter 

Selects between mono and stereo 
mode 

On-Off pilot switch 

Momentary action pushbutton switch 
to test if drive to the L+Rr 
envelope is present 

Changes equalization for use with 
another transmitter or antenna. 
Works in parallel with remote 
switch on back. Optional control 
used only if Exciter is equipped 
with the night equalization 
feature. 

Allows slight amplitude adjustment 
between left and right inputs 

* Misadjustment will reduce stereo separation 

, I I 
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1.3.2 

REF 

J2 

J3 

Jl 

TBl 
1, 2 

TB2 

TBl 
3-6 

J4 

1.3.3 

Exciter Rear Panel 

DESCRIPTICN 

Sync Out 

Exciter output 

Sample Transmitter output 

Remote Night/Day switch 

Audio Input 

L+R output 

Tl'L output 

F\.NCTICN 

Sync from encoder to evaluate 
amount of .phase modulation of 
master carrier frequency 

Square wave output to AM 
transmitter for high power drive 
(0.5 to 5.0 watts in steps). This 
signal is the phase modulated 
substitute for the transmitters' 
oscillator. 

C-QUAM output for test of Exciter 
to monitor 

Works in parallel with front panel 
· switch for changing equalization 
when using another transmitter or 
antenna. (See Exciter front panel 
controls.) 

Left and Right 600 ohm balanced 
audio input O dBm to 10 dBm 
(determined at time of 
installation). 

Balanced output from L+R crnplifier 
to station transmitter (rormal AM 
modulation input). Adjusted by L+R 
Adj. front panel control, +16 dBm 
maximlltl. 

Phase modulated signal which is 
acceptable for TTL compatible 
transmitters. Substitutes 'for 
normal oscillator of station 
transmitter. 

Exciter Circuit Cards - Basic Functions 

Power Supply 

The Power Supply operates from a 117V AC, 60 Hz source and is 

protected with a 1.5 amp fuse. It provides (+5), (-15) and (+15) volt DC 

regulated outputs and -24V DC unregulated for the meter lamp; and front 

panel LEDs. 

\ t-5 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

-
--

--
--

--
--

--
--

--
--

-::
; ,. 

A
U

D
IO

 
• 

O
U

T
P

U
T

--
--

1
 

X
F

M
E

R
 
~
 

. i 
A

U
D

IO
 

_
L

_
 

'I
N

T
E

R
F

A
C

E
 l

 l I I ' I i I ' 

R
F

 A
M

P
L

IF
IE

R
 

•I
~

 
t 
•:J

 •. : ~ ; 
~-

; 
.. ; ti
 -~
 

. ~ 

E
N

C
O

D
.E

R
• 

A
U

D
IO

 ~
a

'U
A

~
liE

R
/M

A
_

IR
 IX

 (
D

A
Y

) 

U
O

IO
 .N

IG
H

T
 P

R
O

C
E

S
S

O
R

-
·.
/ 

, 
P

O
W

E
R

 S
U

P
P

LY
 

f"
».

 ~-~--
---~-

·1;·
 .. --

. .,-J
IW

T
ri

ff
lf

f'
h

 
• 

~~
)~

S6
07

.,/\
~1

 
· 

,i 
; 

.-
~

('
~

 0
 E

 FE
 A

 T
•~

·;"7
,'.'o

, 
~.r

 t
iP

R
O

tl
s
s

~J
" 

.
.

..
 :Sl

"'.·
i 

\
~

-
:
:
.
 

~ 
~

·
;
:
;
;
 

'1
.'

 
.',

,_
t .. -~

~
j
 

~--
~~

t1%
~l~

~-S
~ 

·-J
~

~~
-~•

:.,
.i 

~"'
! •.

 ;;·~
tl,.

~""
~•;

~ ..
 !4:.'

ll>
J s·

 .... -... ~-/
 

'.A
•
~

 
')

 "
'.,_

, 
' 

f~
•
'l
f 

I 
-~

 
".

.>
, •

 
i:.

,,.
,.Q

 
·,

. ·
 ·

 
.i_

f,j
l~

ti.
 

-~
~
 

~-.
.! .

. --,.
,_

 •.
 :, .
. 1•;

:t
·i·

 -~
i--i.

_,;
} 

-
· 

-:
;:

:;
_

 ...
 if

!{
~

~ 
r~~

~-.r
. 'f ..

 ;.·:
: 

~;;
---~·-"

tl:
 

· -
.. 

-
-

J,
.:.

 
., 

..
 l$

1•
 

. ,
;' 

. 
._:.,,~

 ~~
-·• ,

,, . ·
•• 
~
 :r 

Y
 

:,:
,-~

~-
:,A

••:
 ~

/(
.,;,Y

 •V~
~

~
_

g
 

.. 1
ll.\

•t
'H

 ~ 
:~,

,..
-~

, 
, .. ,

r_,.
,~;;

. ~
... 

--·~
 .. 

·"
·-

"' 
..
..

 -'i
i 

EX
C

IT
E

R
 C

IR
C

U
IT

 C
A

R
D

 L
O

C
A

T
IO

N
 

i ; I I I 1 I I i I I I I I ,: I
 I { 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

1. 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
'• 

I 
I 
I 
I 
I 
I 
I 

Audio Equalization Matrix (Day Card) 

This unit receives the LEFT and RIGHT audio inputs and passes these 

signals through the HIGH and LOW FREQUENCY EQUALIZl\TION sections, 

compensating for signal path differences in various transmitters. The 

signals then pass to the audio matrix circuitry that produces the L+R and 

L-R, I and Q signals. Positive and negative peak limiting of these signals 

is provided and finally this unit drives the front panel meters that display 

the relative audio drive levels. 

1>.udio Night Processor (Night card) 

This unit, when the FRONT PANEL SWITCH is in the NIGHT position 

receives the LEFT and RIGHT audio inputs and passes these signals through 

the HIGH and LCM FREQUENCY EQUALIZATICN sections, compensating for signal 

path differences in the NIGHT transmitter. LEFT and RIGHT audio signal 

DEI>.Y from O to 15 microseconds is also provided to compensate for both the 

mY and NIGHT transmitter signal F0th delay differences. 

1\ PROCESS circuit to prevent high single channel modulation (LEFT 

or RIGHT audio signals only) operation is located on this unit. 

Encoder 

The encoder generates the primary frequency of the station. The 

carrier is modulated with two signals, (L+R) and (L-R) 90° out of phase. A 

limiter eliminates the AM component of the QUAM signal. The source for the 

pilot frequency is located on this card. 

L+R Amplifier/Sample Transmitter 

The L+R amplifier located on this circuit card generates an output 

which drives the envelope modulator of the normal station transmitter. It 

also originates a sample C-QUAM transmitter signal '-ttlich simulates the full 

stereo transmitter for the purpose of checking the modulation monitor. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

I 

-
-
-
-
-
I 
I 
I 

-
I 
I 
I 
I 
I 
I 
I 
I 
I 

RF Amplifier 

The RF amplifier produces a variable high r-ower [X}ase modulated 

output and a TTL level output which replaces the transmitter master 

oscillator. 

·sulk Delay card 

This unit supplements the LEFT and RIGHT audio signal DELAY of the 

AUDIO, NIGHT, PROCESSOR (NIGHT CARD) by providing four 8 microsecond delay 

sections for a total of 32 microseconds of additional delay. 

Audio Interface Card 

This circuit card irounted on the left side of the EXCITER provides 

the interconnections for the two 600 ohm attenuator pads that reduce the 

station's LEFT and RIGHT input audio (typically +10 dBm level for 1001 

modulation) by 16 dB before the signals reach the balanced input 

TRANSFORMERS. The (L+R) I audio signal output transformer is also 

interconnected on this card. 

1.3.4 Exciter Circuit Card Edge Connector Pin Identification 

'!be exciter circuit card has 22 connections on each side of the 

card, labelled as shown above. 

CAI.JI'! 00. 

Be sure to reinsert cards oriented in the same r-osition as 

they were removed. 

1-7 
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EDGE CONNECTOR PIN IDENTIFICATION 

Component side 

1 

THRU 

22 

The exciter circuit card has 22 connections on each side of the card. When viewed as shown above, the alphabetical pin outs are always o n the left and the numerical are on the right. 

-· CAUTION -

Be sure to reinsert cards oriented in the same position as they were removed. 

.: .. ·· .. 

( 
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1.4 

1.4.1 

REF 

M801 
M802 

S801 

S802 

S801 

05803 
00804 

S802 

DS804 
00805 

DS804 
00805 

ASM-1 MODULATICtJ ~ITOR DESCRIPTICN 

Modulation Monitor Front Panel 

DESCRIPTION 

Meters 

Meter Range switches 

Meter Range switches 

Left Channel Modulation 
Function switch 

(L+R) Flashers and Controls 

Right Channel Modulation 
Function switch 

(L-R) Flashers and Controls 

(L-R) Flashers and Controls 
(Continued) 

FUNCTICN 

Modulation meters for test and set 
up 

Left channel meter range selection 
switches 

Right channel meter range selection 
switches 

switches peak flasher DS803 and 
left meter between (L+R), (L), (+) 
or(-) functions 

'111e (L+R) peak flasher modulation 
range is set via the front thumb 
wheel switch. Its function depends 
on the modulation switch setting 
S801. The monaural (-100\) 
envelope and {+125\) envelope 
limits have no external settings 
and are both fixed factory 
adjustments. Peak amplitude can be 
accurately determined by increasing 
the reading on the thumb wheel 
until the light goes out. The 
nl.Jl\ber on the thumb wheel will be 
the peak modulation. 

switches peak flasher S804 and 
right meter between (L-R) ·, (R), (+) 
or{-) functions. 

'111e (L-R) peak flasher modulation 
range is set via the front thumb 
wheel switch. Its function depends 
on the modulation switch setting 
S802. The (L-R limit) and (neg 
limit) have no external setting and 
are both fixed factory 
adjustments. 

'111e (L-R limit) is equivalent of a 
100\ phase rrodulation signal. '111e 
(neg limit) indicates that the L-R 
component is overmodulating the 
combined modulation envelope. Peak 
amplitude can be accurately 
determined by increasing the 

/· 8 

wigfi
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DS807 

M803 

S803 

R819 

1.4.2 

REF 

J2 

Jl 

Pilot Tone Indicator 

Carrier Level Meter 

switch 

reading on the thumb wheel until 
the 1 ight goes out. The m,1mber on 
the thumb wheel will be the peak 
modulation. 

Indicates presence of 25 Hz pilot 
tone 

Establishes a carrier reference 
level necessary to insure that the 
circuits driving the modulation 
meters are affected only by 
modulation changes. The carrier 
level meter indicates the average 
RF signal level input to the 
monitor decoder circuits. The RF 
signal input is set to a level 
( indicated on the meter and 
determined by the manufacturer) 
bymeans of the carrier set control 
R819. As long as the carrier level 
indication is within the range of 
the meter (+/-20\ change of RF 
level), the modulation circuits 
will be within their design 
accuracy. 

Two position meter function switch. 
In the pilot tone position, the 
carrier meter must indicate in the 
black square (pilot) p:>sition. This 
is a fixed factory adjustment which 
does not have an external setting. 

In the carrier set position, the 
meter must indicate in the center 
on SET. The set position can be 
adjusted with the (carrier set) and 
rear panel (RF attenuator) 
controls. 

Carrier Set Control Vernier control which operates in 
conjunction with the 60 dB RF step 
attenuator on the back panel. 

Modulation Monitor Rear Panel 

DESCRIPTION FUNCTIOO 

Remote r-bdulation Meter L+R DC drive current for remote panel 
meter operation 

Remote Peak Flasher L+R Drive signal for r emote operation 
of flasher 
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J3 

JS 

J7 

J9 

Jll 

S803 
(A3) 

Jl3 

Jl2 

Jl0 

J8 

J6 

TBl 

J4 

1. 4.3 

Remote Peak Flasher L-R 

Envelope Detector 

L-R Detector 

Unbalanced output Left 

Unbalanced Output Right 

RF Attenuator 

RF Input 

L-R 

L+R 

In Phase Detector (I Det) 

Pilot Tone output 

600 Balanced 

Reroote Modulation Meter L-R 

Drive signal for remote operation 
of flasher 

Tes t output to evaluate monitor 
decoder 

L-R (quadrature) detector test 
output to evaluate roonitor decoder 

For distortion measurements of left 
audio channel 

For distortion measurements of 
right audio channel 

A 60 dB s tep attenuator in 10 dB 
steps used with the front panel 
carrier set control to calibrate 
the rroni tor 

RF sample input from transmitter 

L-R output for evaluation of 
stereo signal 

L+R (mono) output for evaluation 
of l'OC>naural signal 

Test output to evaluate monitor 
decoder operation 

Counter connection for measurement 
of pilot frequency 

Balanced 600 ohm audio output 

DC drive current for remote panel 
meter operation 

Monitor Circuit Cards - Basic Functions 

Power s·upply 

The power supply operates from a ll0V AC source and is protected 

with a 2 amp fuse. It provides (+5), (-15), and (+15) volt DC outputs, and 

the 28 volts for the modulation meter lamp;. 

I· /0 
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Meter 

This circuit card contains the audio amplifiers and peak aetectors 

which drive the DC meters. Additionally, it provides the circuitry to drive 

both right and left peak flashers operating in conjunction with the front 

panel oounted thumb wheels. It also provides the audio matrix of balanced 

and unbalanced outputs to the rear cabinet p:>rts. Pilot reject filters are 

included on this circuit card which eliminate the 25 Hz pilot tone from the 

meters ~en making measurements of the left or right channel. 

AVC 

The AVC circuit card oontrols the audio signal level allowing the 

audio signal to be used as an instantaneous indication of the modulation 

level. 'Ibis card also contains the carrier level detector and carrier meter 

drive circuitry, along with the pilot detector and meter drive circuits. 

With the exception of the two peak flashers, the five · remaining flasher 

drivers are on the AVC panel: 

1. +125% envelope limit 

2. -100% envelope 

3. L-R limit (measures recovered audio) 

4. Neg limit (combined overmodulation indicator) 

5. Pilot tone indicator 

Decoder 

The decoder receives 450 KHz from the mixer circuit card, then 

detects and separates the envelope and (L-R)o signals \okiich are sent to the 

AVC card. For test purposes, it provides three detected outputs to rear 

1- 1 I 
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cabinet ports: 

1. Envelope detector output 

2. In-phase detector 

3. L-R quadrature detector 

Mixer 

The station RF signal is input to this circuit for conversion to a 

450 kHz IF. It has a wide band front end which is switch prograrrrned to the 

station frequency at the factory. 

1. 4 . 4 Monitor Curcuit Card Edge Connector Pin Identification 

'!be Monitor circui t card has 22 connectors on each side of the 

card , labell ed as spown above. 

NDrE: '!be card pin outs are keyed to the socket. 

CAUTIOO 

Be sure to reinsert cards oriented i n the same position as 

they were removed. 
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SECTION 2 

EQUIPMENT CHECKoor .ANO INITIAL TESI'S 

2.1 CHASSIS INSPECTIOO 

The shipping cartons for the Exciter and M:>nitor are designed to 

protect the equipment for normal handling during shipment. Thoroughly 

inspect the equipnent for any evidence of mishandling. Report damage to the 

carrier illlt\ediately. 

2.2 MECHANICAL CHECKOUT 

CAUTIOO 

Complete this procedure before applying power to units. 

Remove all screws from the top panels of the Exciter and the 

Monitor. Open the card sockets by operating the cam levers . Reseat each 

board by firmly pressing down on the board while closing the socket using 

the cam lever. 

After reseating all circuit cards, secure the top covers to the 

Monitor and Exciter. 

2.-1 
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2.3 REQUIRED TEST EQUIPMENT 

Low distortion oscillator, 600 ohms output, +10 dBm, less 

than 0.1% distortion. 

Distortion analyzer, capable of indicating distortion 

levels of less than 0.1% distortion. 

Oscilloscope, bandwidth 10 MHz or better, capable of X-Y 

display of audio frequencies with no appreciable phase 

shift. 

Spectrum analyzer, frequency range covering the AM 

broadcast band, better than 60 dB logarithmic scale, and a 

resolution of better than 300 Hz. 

use of Stereophonic X-Y Oscilloscope Display 

Use an oscilloscope continually in an X-Y mode to display the 

stereophonic operation of the C-QUAM Exciter and Monitor. An adequate X-Y 

display requires an oscilloscope of such sensitivity, bandwidth and phase 

characteristics that both the horizontal and vertical axes display audio 

signals of approximately 0.5 volts peak to peak with no appreciable phase 

shifting. 'ltle X-Y display is very useful in troubleshooting and adjusting 

AM stereo equipment. It can indicate the amount and nature of incidental 

phase modulation, audio displays or phase shifts, operation of audio 

processing equipnent, amount of stereo in prograrrming and display many other 

system characteristics, in keeping with the expertise of the observer. 
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Figure 5 shows the ideal displays o f sine wave modulation under the 

indicated modes of s tereo operation. Additional sample X-Y displays are 

shown in Figure~ 6 and 7. 

Referring to Figure 1 on Page 2.-lf, connect the oscilloscope to the 

Monitor unbalanced left and right BNC outputs J9 and Jll. Connect the left 

output to the X axis oscilloscope input . 

CAUTICl'-l 

Reduce the intensity of the oscilloscope during extended 

periods of zero modulation as the trace will consist of a 

single dot which could burn the phospher of the cathode 

ray tube . 

Figure 5. 

Ideal OScilloscope Displays of Stereo Signals 

Figures 6 .( 7. 

Sample Oscilloscope Displays of Stereo Signals 

z..-3 
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left Only Right Only 

left Plus Right left Minus Right 

NOTE: Pilot Tone Off 

Figure 5. Ideal Oscilloscope Displays of Stereo Signals -- - . - ... .,. __ .. __ _ 
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NORMAL 

T.H.D. on RIGHT 
(can be at top or bottom) 

POOR SEPARATION 

POOR RIGHT EQUALIZATION 

Figure 6. Sampl6 Oscill~ope Displays of St~reo Signals 
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SOME......,_,.._ 

IPMON 
NEGATIVE' 
PEAK 

l + R Modulation 
~5% 

Straight line indicates relatively little 1PM except 
an ucersion on the negative peak of modulation. 

l + R Modulation 
95% 

Curved line indicates a considerable amount of 1PM 
which would need correction for satisfactory AM stereo. 

Figure 7 
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2.4 

2.4.l 

CLOSED LOOP TESTS 

Connections 

Connect the distortion analyzer, oscilloscope and spectrum analyzer 

to the Exciter and t-k>nitor as shown below in Figure 1. 

Figure 1. Closed Loop Equipment Arrangement 

Fifty ohms is the usual input impedance to the spectrum analyzer, 

the input impedance of the Monitorm, and the output of the Exciter sample 

transmitter. Therefore, use a matching pad of approximately 17 ohms in each 

leg for proper termination. The oscilloscope input can be paralleled with 

the spectrum analyzer input because the oscilloscope input is usually high 

impedance . The distortion analyzer input, which will be used to take 

measurements from several of the Monitor rear panel outputs via BNC 

connectors, also can be unbalanced. 

Connect the audio oscillator to the 600 ohm, unbalanced Exciter 

input terminals. The following test input modes are required: left only 

(L), right only (R), left plus right (L+R), and left minus right (L-R). In 

the Lor R function, the audio oscillator (balanced or unbalanced) can be 

directly connected to the input terminals . For L+R or L-R, the Exciter 

audio inputs are paralleled either in phase, or out of phase. In either 

case, the input impedance of the p,3ralleled inputs is 300 ohms. Although it 

is usually not necessary with high quality audio oscillators, a matching pad 

can be constructed as follows . 

2.-y 
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Figure 2 

Some oscillators already contain the switching and matching for the 

four modes of operation. These features simpiify testing. 

Connect the Sample Transmitter ~tput to the Monitor RF Input with 

a BNC to BNC coaxial cable. Apply AC power to the Exe i te r and the Monitor 

by plugging in the line cords to a suitable N:. outlet. 

NCYI'E 

'rtlere is oo power switch for either the Exciter or the 

Monitor. Therefore, unplug the line cords to turn 

either unit off. 

After AC power is applied, the lights for all meters should be 

lighted. 'rtlrow the meter switch (small toggle switch on the Monitor under 

the carrier Level meter to carrier position). 

Adjust the appropriate RF input level to the monitor using the step 

attenuator .....nich is controlled by a rotary switch on the rear of the roonitor 

and the potentiometer front panel control. Observe the carrier level meter 

while adjusting the input level using the front panel knob. The time 

constant for the meter circuitry is very long, so wait about 10 seconds 

after adjusting the knob to determine if the adjustment is within range of 

wigfi
Stolen 2 Line Transparent
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430Sl. 

430A 

AUDIO OSCILLATOR PAO 

r-

+ + I 
LEFT LEFT 

I 
I 
I 

+ RIGHT 
+ I 

RIGHT I 

I 

(L + R) (L - R) I 
Figur~ 2. PHASING EXCITER INPUTS 
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the front panel control. If not, reset the switch attenuator and readjust 
. 

the front panel control for a center indication on the carrier meter. 

With no audio input to the Exciter, the noise level indicated on 

the Monitor should be lower than 50 dB for L+R and -40 dB for L-R. Select 

on the Monitor front panel L+R, for the left meter M801, and L-R, for the 

right-hand meter M802. For each meter there is a row of pushbuttons 

providing meter ranges in 10 dB steps. Add together the pushbutton 

selection and the meter indication on the red dB scale for a measurement 

referenced to 100% rrodulation. 

2.4.2 Left Plus Right (AM) Operation 

Connect the output of the audio oscillator through the pad to the 

left and right audio input terminals of the Exciter, phasing the inputs for 

L+R operation. Using the monitor left-hand meter control buttons S801 

select(-) and {L+R). Set the oscillator frequency to 1 kHz and advance the 

audio level from the audio oscillator until the meter reads 100 percent 

modulation. Observe both the oscilloscope display of envelope modulation, 

and the spectrum analyzer (connected at the exciter sample transmitter 

output). If the range of the instruments are set properly, the displays 

should appear as follows: 

At 100 percent negative modulation, the oscilloscope envelope 

pattern should just pinch off to zero signal and the first order sidebands 

on the spectrum analyzer display should be exactly 6 dB down from the 
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carrier. The high order sidebands on the spectrum analyzer sh9uld be at 

least 50 dB below the fundamental sidebands indicating AM distortion less 

than 0.3 percent. Set the oscillator level with care because if the 

modulation even slightly exceeds 100% negative, the high order distortion 

sidebands will increase very rapidly. 

After finding the 100% negative point from the test instruments, 

observe the monitor modulation meter indication and flasher lights. The 

100% negative light should be illuminated and the left-hand panel meter 

should indicate 100\ modulatin. Adjust the digital switch immediately to 

the left of the meter to 100%, and'the corresponding LED indicator should 

also light. 

For distortion measurements on L+R, 95% modulation should be used 

to prevent erroneous distortion measurements which can result from 

inadvertent overmodulation. Redoce slightly the oscillator level until 95\ 

modulation is shown on the meter. Connect the distortion analyzer to the 

Monitor rear panel L+R BNC connector JlO. 

A a series of audio measurements oow can be made to determine if 

the system closed loop performance is within specifications. Generally the 

performance levels should be at least as follows: 

Frequency response: +/-1.0 dB from 30 Hz to 10 kHz 

Distortion: Less than 0.3% 

Noise: Lower than 60 dB below 100\ modulation 

2 -7 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

. 
2.4.3 Main to Subchannel Crosstalk (L+R to L-R Crosstalk) 

The isolation between the normal amplitude modulation and the added 

stereo information will have a direct bearing on the separation obtainable 

between the left and right stereo channels. Make closed loop measurements 

to confirm that the Exciter to Monitor operation is capable of transmitting 

and indicating sufficient isolation. 

The transmitted signal is the same as that evaluated in the L+R 

(AM) measurements described above. However, instead of looking at the L+R 

1'bni tor output, measure the residual signal in the L-R detector. 

First turn off the pilot tone. Modulate the Exciter with 95\ L+R 

with a 1 kHz tone and observe the right-hand meter. Select the L-R function 

with the pushbuttons S802 and pusbh the range selector buttons until a 

reading is obtained. On the Exciter, adjust balance control R783 until a 

null in the monitor L-R indicator is obtained. Readjust the oscillator 

output for 95\ amplitude (L+R) roodulation. 

The main to subchannel crosstalk can now be measured over the audio 

frequency range. 

specifications: 

The measurements should be within the following 

Crosstalk, L+R to L-R: 35 dB from 20 Hz to 5 kHz 
25 dB from 20 Hz to 10 kHz 

The residual signal which appears in the L-R channel can result 

from the limitations in the modulation monitor but under normal broadcast 

transmitter operation the first limitation is likely to be the incidenta_l 

phase modulation (1PM) of the transmitter. When the AM transmitter is 

modulated, not only is the RF amplitude modulated, but there is a samll 
·. 

amount of phase modulation, especially at higher negative levels of 
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modulation. The Moni torfeadings of L.:.R modulation will be used later to 

adjust the transmitter for mnimum incidental phase modulation; or more 

accurately, for the C-QJAM System, minimlltl incidental quadrature rrodulation. 

2.4.4 Subchannel (L-R) Performance Fidelity 

Turn off the 25 Hz pilot using the pushbutton located on the front 

panel of the Exciter. Set up the Exciter with a 1 kHz tone set to 95\ 

amplitude modulation (L+R). Reverse the polarity of one of the inputs to 

the Exciter which switches the rrodulation to 95\ L-R modulation. Observe 

the monitor right-hand meter and set the selector pushbutton S802 to •L-R•. 

The meter should read within a percent of 95\. Connect the distortion and 

noise meter to the BNC connector in the rear of the Monitor labeled •L-R•. 

Fidelity measurements should show performance within the following 

specification: 

Frequency response: +/-1.0 dB from 30 Hz to 10 kHz 

Distortion: Less than 0.3\ 

Noise: Lower than 50 dB below 100\ rrodulation 

2.4.5 Subchannel (L-R) Crosstalk Performance 

In addition to the fidelity assessment, the •crosstalk• or L-R into 

L+R should be measured. Use the Exciter audio input connections as above 

but connect the distortion meter to the Monitor rear panel L+R BNC 

connector. Set the right front panel meter to L+R and read the crosstalk 

measurements directly from the modulation monitor. 

2.4.6 Subchannel (IAM) Incidental Amplitude Modulation 

'lbe L-R into L+R crosstalk minim1.111 performance should exceed the 

value shown in Figure 8, p.L~£ 

wigfi
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2. 4.7 Single Chamel Performance 

Connect the audio oscillator to the Exciter left channel input and 

adjust a 1 kHz tone to SO\ modulation . The Monitor indication of SO\ 

modulation should be shown on the left meter in the L+R and Left positions. 

Switch the left-hand meter on the Monitor from reading L+R to Left with 

pushbuttons S801. Likewise, switch the right-hand meter from reading L-R to 

Right channel output using pushbutton S802. The separation for 100\ 

modulation can be read directly on the right meter by selecting the 

appropriate scale with pushbuttons S802. 

NOTE 

For SO\ modulation, the reference (on the dB scale) is 6 

dB lower, therefore the separation will be 6 dB less than 

that indicated . This would be called the left into right 

separation. Connecting the oscillator to the right 

channel and reading the residual into the left channel 

would be the right into left separation. 

The separation between the two channels should meet the following 

specification left into right, and right into left. 

Separation: 200 Hz and 5 kHz - 30 dB 
30 Hz ana 15 kHz - 15 dB 

2.- /0 
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SECTION 3 

MCNITOR MEASURFl4ENTS <::£ BRCY\DCAST TRANSMITl'ER 

3.1 INTRODUCTICN 

Before attempting stereophonic operation with the broadcast 

transmitter, connect the ASM-1 Monitor to a broadcast transmitter RF sample 

so that hum, noise, phase modulation and incidental phase modulation can be 

measured. 

3.2 PROCEDURES 

The Monitor can be calibrated on input RF levels from 300 mV to 10 

volts RMS unmodulated. A 10 dB per step attenuator is controlled by a knob 

at the rear of the Monitor, and the fine adjustment is mooe with a knob on 

the front panel. Using an unmodulated transmitter, set the monitor RF input 

level for a center indication on the carrier meter. 

Modulate the broadcast transmitter withal kHz tone inserted at 

the normal audio input terminals. The ASM-1 Monitor simultaneously 

monitors the nonnal AM on the meter M801 with push but ton S80 l set to L+R) 

and the incidental phase (or quadrature) roodulation on the meter M802 with 

pushbutton S802 set to L-R. 

Although most AM broadcast transmitters can easily meet the FCC AM 

noise specification of 45 dB down and many can make more than 60 dB down, 

the transmitter phase hum can be very different. Power supply PM hlll\ and 

residual phase noise can originate in the transmitter and be completely 

harmless for AM operation, but can become very troublesome for stereo 

broadcasting. 

3 -/ 
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After calibrating the ASM-1 Monitor for the correct RF input level, 

tenninate the audio input to the transmitter and measure the L-R irodulation 

level. It is useful to look at the audio output of the L-R chaMel with a 

conventional display on the oscilloscope to determine the waveform of the 

· residual noise. Trigger the scope with a line signal to observe if htm 

components are primary to the residual signal. 

Generally, residual L-R noise should be at least 40 dB below 100\ 

L-R irodulation. If this condition is not satisfied, work on the transmitter 

will be required to reduce the noise level. Improved p:>wer supply filterirY3 

on the lower level RF stages in the transmitter is a general practice. The 

dressing of leads having H:.. currents also may be an issue. The transmitter 

manufacturer may have experience with or be willing to help solve the PM htm 

problems. 

While modulating the transmitter with a l kHz tone at 25, SO, 75 

and 95\ AM, measure L-R. This information can be dynamically read on an 

oscilloscope X-Y display -,.nich could look like the simulated displays shown 

below. 

Figure 7 

Vary the audio modulating frequency, and measure the crosstalk 

attributable to 1PM. Generally, for at least 25 dB of separation under 

typical stereo program irodulation, the measured L+R to L-R crosstalk should 

be less than that indicated in Figure 8. 

3-2 
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Figure 8 

Incidental phase modulation sources in AM broadcast transmitters 

vary considerably. However, two frequent sources are 1) the final amplifier 

tuning and 2) the final amplifier neutralization. In conventional AM 

broadcasting, neither adjustment is critical. However, in AM stereo 

broadcasting, these adjustments can have a substantial IPM effect. If the 

transmitter IPM measurements do not satisfy the values indicated in Figure 

8, or to improve on existing performance, modulate the transmitter with a 

higher frequency audio tone (5 or 7.5 kHz). Watch the crosstalk in the L-R 

channel on the Monitor while tuning and loading are adjusted. Neutralization 

adjustment may involve turning the transmitter plate voltage off then 

putting the transmitter back on for a measurement. 

Again, keep in mind that many transmitter manufacturers now have 

some experience in AM stereo. It would be advisable to discuss the 

measurements and crosstalk performance of a particular transmitter with the 

manufacturer. 

,-3 
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SECTIOO 4 

ASE-1 RF COONECTIOOS TO BROADCAST TRANSMITI'ER 

4 .1 INTRODUCTIOO 

The C-QUAM AM Stereo Exciter includes several RF outputs designed 

to interface with most, if not all, existi~ AM broadcast transmitters. One 

is a TTL level output designed to drive standard digital circuitry. 'Ibe 

other is the output of a 5 watt square wave amplifier which is used to drive 

a lower level RF stage in the transmitter. 'Ibis amplifier can be internally 

programned for lower output levels if required. Both of these outputs have 

no amplitude modulation, but do have the proper Ef)ase m:>dulation required 

for C-QUAM AM Stereo. Another output is available at the rear of the 

Exciter which is oot rrodulated in either amplitude or Ei1ase. 'Ibis output is 

provided to trigger an oscilloscope for observations of phase modulation, or 

can be used to drive frequency measurement equipnent. 

4.2 OISOJSSIOO 

'Ibe C~AM Exciter will be preadjusted to the station frequency and 

all RF outputs of the Exciter are on the station's carrier frequency. The 

oscillator in the Exciter is designed to hold the station frequency well 

within the FCC specification over a temperature ra~e from Oto 50 degrees 

centigrade. Generally, the output should stay within a few Hertz of the 

assigned frequency. 

, 
4-I 
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If the transmitter has a TTL input, then the TTL output of the 

Exciter is to be connected to the transmitter digital circuitry at a point 

where it is operating on the station frequency. Some transmitters now use 

higher frequency crystals which are divided down to the operating frequency. 

'lhe input is to be made after the division. 

Many transmitters, however, will be best interfaced by taking the 5 

watt exciter output and applying it to the highest level RF stage in the 

transmitter which can be fully driven. It is possible for the transmitter 

output signal to be coupled back through the Exciter and the connectiN3 

cables which in turn can cause incidental phase modulation. 'lberefore, the 

higher the level on the cable and the higher the RF stage in the transmitter 

being driven, the less opportunity for incidental phase modulation. 

'lhe 5 watt anplifier in the Exciter has a square wave output with a 

level of approximately 42 volts peak to peak into 50 ohms resistive. The 

lower level RF stages in the transmitter should be studied to determine 

where is the best point for inserting drive of this voltage level. If the 

instruction book for the transmitter does not indicate the normal RF levels, 

they can be measured with a suitable RF voltmeter or the manufacturer can be 

consulted. 

If a transistor is to be driven, it is recomnended initially that 
' 

the connecting circuitry be as shown below • 

•• 

Figure 9 

If more current is required to p.111 up the base of the transistor, 

the values of the "T" pad can be changed. 

'-i-2.... 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

50 OHM 
COAXIAL CABLE 

U50 
2W 

uo 
lW 

471\ 
l/2W 

Figure 9. 

wigfi
Stolen 2 Line Transparent

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

I 
-
• 
-
-
-· 
I 
' 

-~ 
J 
J 
-~ ,. 
I 
1·· 
1-
1· 
1: 

.. J 

1· 
._. 

1· . ' 

In the case of driving a tube RF stage, the 50 ohm impedance can be 

stepped up by tapping down on a coil in the grid circuit of the stage if it 

is tuned, or by using a toroidal step up transformer. 

Figure 10 

After sufficient drive from the stereo Exciter to your transmitter 

has been accomplished, a recheck of the phase modulated hum and noise, and 

incidental i:hase trodulation should be made. Using the normal audio input to 

the transmitter, checks should be made of the L-R noise level and crosstalk 

between AM (L+R) and L-R channels as was previously done. It is also 

advisable to check the audio performance of the L-R channel to be sure that 

the broadcast transmitter is not substantially degrading the L-R 

performance. 
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SECTION 5 

ASE-1 AUDIO <XNNECTICNS TO BRCWX:AST TAANSMITI'ER 

5 .1 INTRODUCTION 

The C-QUAM AM Stereo Exciter simply takes the left and right audio 

channels and suns them into L+R for the broadcast transmitter audio input. 

Two basic objectives must be met in connections to the transmitter. One is 

the phasing of the transmitter audio input, and two the input level must be 

precisely adjusted so that the C-QUAM modulation will be transmitted 

properly. 'nle audio frequency resp::mse and distortion of the circuitry is 

sufficiently low that it should not affect the roonaural performance of the 

transmitter. Initially, an audio oscillator set to l kHz should be 

connected to the left and right audio inputs of the stereo exciter, phased 

for L+R modulation. 

5.2 PHASIN, ASE-1 OOI'Ptrl' TO THE TRANSMITI'ER 

The phasing of the Exciter audio output to the broadcast 

transmitter can be checked by comparing the envelope display of the Exciter 

sample transmitter output with the broadcast transmitter envelope. This 

should be done with a dual trace oscilloscope in the chop mode with the 

triggering taken from the audio oscillator (see Figure 11) 

Figure 11. 

Phasing of Broadcast Transmitter Audio Input 

While observing the dual trace display of envelope modulation Jl 

the depth of modulation can also be approximately adjusted. Start by 

adjusting the tone to the Exciter left plus right channels from the 
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oscillator until the broadcast transmitter is modulating about 50%. Next, 

adjust the Exciter audio drive to the broadcast transmitter using the front 

panel L+R potentiometer until the envelope modulation is the same as the 

sample transmitter. Increase the audio input to the Exciter until the 

sample transmitter modulation is 100%, and then adjust the broadcast 

transmitter modulation to the same value with the front panel screwdriver 

adjust. 

The precise setting of the L+R drive to the broadcast transmitter 

can be more accurately set by observing separation. lbwever, separation at 

this time is rrost likely limited by the difference in delays between L+R and 

L-R. 

5.3 AOJUSTI~ THE DELAY NE'IW)RKS 

NOTE 

1. 'l1le 25 Hz pilot tone must be turned off with . the front 

panel switch. 

2. 'l1le process defeat switch S607 must be in the "DEFEAT" 

position (locaated on the night audio circuit ca~d.) 

3. CAUTION: Do not touch the following setting on the 

front panel at this time. 

3.1 + LIMIT 

3.2 - LIMIT 

3.3 s.a.u>.NCE 

4. The night circuit card is an option and may not be 

used in your Exciter. 
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5.3.1 Left/Right Delay Adjustments 

At this time it might be easier to have the EXCITER placed on a 

table rather than in a rack so that the switches and controls can be more 

accessible. Even without setting the delay networks, it is quite p:>ssible 

to achieve 15 dB of separation or more, however, this varies considerable 

with the transmitter type. 

To start the process, set the OSCILLATOR to 1 kHz 50% envelope 

modulation, LEFT input only. Using an oscilloscope set for X-Y display, 

observe the LEFT and RIGHT unbalanced signal outputs at the p:>rts J9 and Jll 
" 

on the monitor. Adjust LEFT DELAY SNITCH S608 from its zero position in l 

microsecond steps for best closure. Compare the oscilloscope display with 

those shown in Page and • 

Repeat procedure for RIGHT input only by adjusting RIGHT DELAY 

SWITCH S609 from its zero position in 1 microsecond steps for best closure. 

5.3.2 Bulk Delay Adjustment 

NOTE 

If the maximum of 15 microseconds of delay does not 

produce adequate closure add BULK DELAY CARD 033-335 to 

the bottom of the NIGHT AUDIO CIRCUIT CARD and connect 

into circuit. Each switch section on the BULK DELAY CARD 

adds 8 microseconds of delay for a total of 32 

microseconds. The maximun total system delay for both the 

LEFT and RIGHT audio channels with the BULK DELAY is 32 + 

15 or 47 microseconds. 
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5.4 

5.4.1 

Return the LEFT and RIGHT DELAY SWITCHES S608 and S609 to 

their ZERO position. Repeat the above procedure for both 

the LEFT only and RIGHT only sections by adding BULK DELAY 

in 8 microsecond groups and using LEFT and RIGHT DELAY 

SWITCHES S608 and S609 for fine adjustment until best 

closure is obtained. 

EQUM.IZATIOO ADJUSTMENTS 

High Frequency Equalization Adjustment 

To continue the equalization, set the HI FREQ EQUAL "I" switches on 

both the DAY and NIGHT CIRCUIT CARDS (S303, S305, S603, S605) to the "oor" 

positions. Set the HI FREQ EQUAL "Q" and LOW FREQ EQUAL "Q" switches on 

both the DAY and NIGHT CIRCUIT CARDS (S304, S306, S302, S301, S604, S606, 

S602 and S601) to the "IN" position. See Figure 4. 

Set the OSCILLATOR to 10 kHz 50\ envelope roodulation, FRCNT PANEL 

NIGHTMY SWITCH to DAY position, LEFT input only. 

Adjust LEFT HI FREQ EQUAL CONTROLS, R302 C-D and R389 for best 

closure. 

Change to RIGHT input only and adjust RIGHT HI FREQ EC.(JM. controls, 

R302 A-Band R391 for best closure. 

5.4.2 Optional Night Function Adjustment 

Set FRCNI' PANEL NIGHT/DAY SWITCH to NIGHT position with EXCITER 

switched to NIGHT TRANSMITI'ER. 

Repeat LEFT and RIGHT HI FREQ EQUALIZATION using the identical 

controls on the NIGHT CIRCUIT CARD directly opposite the DAY CIRCUIT CARD 

controls described above. 

.. 
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5.4.3 Low Frequency Equalization Adjustment 

To continue the equalization, set the OSCILLATOR to 100 Hz 50\ 

envelope rrodulation, FRCNI' PANEL NIGHI'/DAY SiITCH to O&.Y position LEFT input 

only. 

Adjust LEFT LCM FREQ EQUAL No. 1 and No. 2 controls, R304 C-0 and 

R307 c-o for best closure. 

Change to RIGHT input only and adjust RIGHT LCM FREQ EQUAL No. 1 

and No. 2 CCNI'ROLS R304A-B and R307 A-B for best closure. 

5.4.4 Optional Night Function Adjustment 

Set FROOT PANEL NIGHT&DAY SWITCH to NIGHT position with EXCITER 

switched to NIGHI' TRANSMI'ITER. 

Repeat LEFT and RIGHT LCM FREQ EQUALIZATIOO using the identical 

controls on the NIGHT CIRCUIT CARD directly opposite the DAY CIRCUIT CARD 

controls described above. 

5.5 SEPARATIOO CHECKS 

Separation measurements should now be made over the audio spectrllt\ 

with the LEFT channel driven and then the same measurements with the RIGHT 

channel driven. It is rrost useful to prepare a graph of the separation in 

order to judge the action of the various controls. Also, the stereophonic 

distortion should be measured, that is the LEFT channel distortion when LEFT 

is driven and the RIGHT channel distortion when RIGHT is driven. Many times 

there will be a tradeoff between separation and distortion, and there may be 

very good separation in one direction (RIGHT into LEFT) and marginal 

separation the other way (LEFT into RIGHT). 

At this point, separation should be better than 25 dB both ways. 

The adjustments will not follow a prescribed pattern, but improvements can 

be made by trial and error . Include in the adjustments a trimming of the 
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FRONT PANEL " L+R ADJ" audio drive control. r"f the transmitter has 

sufficient low Incidental Phase Modulation (IPM), there should typically be 

30 dB separation between 100 Hz and 5 kHz. 

The separation bel ow and above this range will be limited by the 

equalization to precisely match the transmitter, and by bandwidth limits of 

the transmitter/antenna system. 

NOTE 

Return the PROCESS DEFEAT SWITCH S607 to the "ON" position. 

5.6 OPERATICN INTO fflE ANTENNA 

After satisfactory stereo operation into the dtmny load, the final 

adjustment should be checked by operating into the antenna system during 

experimental hours. 'nlere are two basic effects to look for when operatiN;J 

into the antenna. One is that the impedance/bandwidth of the antenna system 

often is much narrower than the dwnmy load and the radiation from the 

antenna back into the transmitter building can increase the possibility of 

Incidental Phase Modulation. 

With the transmitter operating into the antenna system, measure the 

stereo oseparation and distortion. If the high frequency performance (above 

5 kHz) has degraded , readjust the high frequency equalization for the best 

compromise between separation and distortion. If the separation has 

degraded considerabl y on all aud i o frequencies, check the level of 

Incidental Phase Modulation by modulating the transmitter with the audio 

oscillator connected directly to the transmitters audio input terminals • 

Measure the residual L-R out of the MONITOR and compare with previous 

measurements. If the level is much greater than previously measured into 
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the DUMMY LOAD, the indication is that the increase in Incidental Phase 
I 

Modulation is being caused by the RADIATED RF signal from the ANTENNA. 

Appropriate corrective action must be undertaken. 

'11lis completes the check out and adjustment. Tighten all covers 

and p:>sition equipnent in its permanent l ocation. 
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SECTIOO 6 

ASE-1/ASM-l STEREO S'/.STEM EQUIPMENT PERFORMANCE MEASUREMENTS 

6 . 1 INTRODUCTirn 

The FCC requires AM broadcast stations to conduct equipment 

performance measurements after installation of AM stereo transmitting 

equipment. The characteristics to be measured are described in Section 

73.1590 and the minimum performance specifications are described in Section 

74. 40 and 73.128. Copies of these sections of the FCC rules are reproduced 

in Appendix A. 

The FCC requirements are quite extensive and a considerable number 

of data points must be taken. For the broadcaster's convenience, forms for 

tabulating and plotting the data are included in this section. A sunmary of 

the FCC proof requirements is shown also in Appendix A. 

6. 2 PROCEDURE 

Al though the FCC requires that equipnent performance measurements 

be made between a common audio input amplifier at the studio to the 

transmitting antenna terminals, the following instructions are written to 

aid the broadcaster in making initial measurements of AM Stereo performance 

at the transmitter. After satisfactory tests have been completed with the 

transmitting equipment, the audio oscillator signal can be fed to the 

required canmon audio input amplifier at the studio for the actual required 

performance measurements. '11lus, when the following specifies a connection 

to the Exciter audio input, the connection would then be to the common audio 

input amplifier at the studio. 
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Delta will provide to the broadcast station a canplete AM Exciter 

and Modulation Monitor capable of generating and accurately demodulating and 

indicating the operation of the C-QUAM System. The Modulation Monitor is 

capable of demodulating and accurately indicating: amplitude modulation, 

left minus right modulation, left channel modulation, right channel 

modulation, carrier shift, right or left channel noise levels, separation, 

and level of pilot tone. In addition, the level of incidental phase 

modulation can be readily calculated from the left minus right modulation 

indication when modulating with AM. The frequency of pilot tone modulation 

can be measured with instruments connected to the modulation monitor. The 

distortion and noise levels of the rrodulation rronitor are sufficiently low 

that the measurements made of the various performance characteristics will 

be reflective of the limits of the broadcast transmitter/stereo encoder 

performance. 

Referring to Figure 2, the measurement of main (L+R) modulation 

capability is made by paralleling the left (A) and right (B) audio inputs to 

the stereo Exciter (phased for L+R modulation) and connecting the audio 

oscillator through the pad to the junction. 'ttle main (L+R) modulation can 

be read directly on the Modulation Monitor by selecting "L+R" for the 

indication on the left hand meter (see Figure 2). The level of the audio 

oscillator can be increased until at least 85% modulation is read on the 

Monitor. 'ttle frequency of the oscillator can be varied over the range of 50 

to 5000 Hz while observing the level on the Modulation Monitor for the 

required modulation level. 

For (L) left, or (R) right only rrodulation, the audio oscillator 

should be directly connected without the pad to first the left (A), and then 

the right (B) inputs to the AM Stereo Exciter. 'I11e oscillator level should 
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be advanced until the main channel (L+R) modulation reaches at last 75\ 

modulation as indicated on the Monitor. The oscillator frequency is then 

varied over the range of SO to 5000 Hz while observing the Monitor. 

For measurement of distortion, the audio oscillator is connected to 

the Stereo Exciter as previously described. For main (L+R) distortion 

measurements, the distortion meter should be connected to the BNC connector 

on the rear of the Modulation Monitor labeled "L+R". For left or right 

distortion measurements, connect the oscillator directly to the left input 

on the Exciter and connect the distortion analyzer to the left output on the 

Modulation Monitor. The same process is repeated for right only distortion 

measurements. If the 600 ohm balanced output is used, terminate with a 600 

ohm load. 

The audio oscillator is connected as previously described for main 

(L+R), left (L) and right (R) modulation. The frequency response can be 

directly observed by selecting "L+R" for main channel response or "L" for 

the left channel response on the left meter or "R" for right channel 

response on the right meter of the Modulation Monitor. Response can also be 

read on the distortion meter in the audio voltmeter function by connecting 

to the appropriate left, right or left+ right outputs of the Modulation 

Monitor at the rear of the unit. 

The carrier shift can be read by observing the carrier level 

indicator on the C-QUAM AM Stereo Modulation Monitor or on the station's 

type approved amplitude m::>dulation rronitor. With no modulation applied to 

the AM Stereo Exciter, the carrier level indicator should be carefully set 

to the zero or calibrate p:>int. The audio oscillator is to be connected to 

the paralleled left and right inputs of the AM Stereo encoder (phased for 

L+R modulation) through the pad. The output l evel of the oscillator is to 

6-3 
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be advanced while observing the carrier level indicator in the modulation 

monitor. The maximum change in carrier level indication is to be recorded 

for modulation levels from zero to 100% amplitude modulation. 

Figure 2. 

Both left (L) and right (R) audio inputs to the N-t Stereo Exciter 

are terminated with 600 ohm resistors. Main (L+R), left (L) and right (R) 

channel noise levels can be directly read on the C-QJAM N-t Stereo Modulation 

Monitor by selecting the appropriate mode for the left or right meters, and 

depressing the meter range buttons until an on scale reading is obtained. 

The noise level is obtained by adding the meter range v_alue with the 

indication of the red dB scale on the meter. It is _already calibrated 

against 100 percent modulation. 

Incidental phase modulation is measured as follows. Connect the 

audio oscillator through the pad to the parallel left and right audio inputs 

to the Stereo Exciter, making sure that the audio inputs are phased for main 

(L+R) modulation. The left hand meter is set to (L+R) on the Modulation 

Monitor and the right hand meter is set to (L-R). The audio oscillator 

output is adjusted to the various modulation levels and audio frequencies 

required and the readings of the (L-R) meter is observed . The meter range 

will have to be chosen by selecting the appropriate pushbutton. Record the 

sum of the pushbutton meter range and the red dB scale on the (L-R) meter 

for each combination of modulation level and frequency. The incidental 

phase modulation in radians is simply the voltage ratio below 100 percent 

{,- y 
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L-R modulation expressed in decimal form. For instance, if the observed L-R 

modulation is 50 dB below 100 percent L-R modulation, the inc1dental phase 

modulation is .0032 radians or 3.2 X 10-3 radians. 

For measurement of separation, the audio oscillator ·is connected 

directly to the (L) left or (R) right input of the N-1. Stereo Exciter. · '!11e 

left channel is modulated with a tone and a disto~tion meter or audio 

voltmeter is used to measure the audio output voltage from the left channel . 
output of ~e Modulation Monitor. 'nle audio volta~e from the right channel 

output of the Modulation Monitor is then measured. 'Ille difference in dB is 

the sepa'ration. 'nle reverse process is used to measure the separation of a 

modulated right channel into the left. 

The front panel meters can be used directly when set to "L• and 

"R". ~e separation can be read directly on the panel meters with the meter 

range buttons only fo r 100 percent left or right only modulation. For 

lesser values of left or right only modulation, separation is computed ~y 

subtracting the readings in dB·of the two meters added to the respective 

pushbutton settings. 

The relative pilot tone level may be measured directly on the 

Modulation Monitor by setting the small toggle switch under the carrier 

meter to the "pilot tone•. side and reading the level of pilot tone on the 

carrier level panel meter. The correct level of pilot tone indication 

should be at the black block on the meter scale . To accurately measure the 

pilot level, set pushbuttons L-R and -20. 'Ille meter should indicate -26 dB. 

Pi lot tone frequency may be measured from the pilot tone port on 

the back of the Modulation Monitor. Use Sigmotek ITC-3 frequency counter or 

similar comp..iting counter. Pilot tone should be 25 Hz +/-0 .1 Hz. 

t-s-
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SECTION 7 

LISI'S OF MATERIAL 
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SECTION 8 

SCHEMATIC DIAGRAMS 
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