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1. GENERAL INFORMATION

1,01 The Haicyon 701A and 702A are

volce~band transmission test sets
with level, noise, and frequency meas-
uremen+ capabl!li+ies Tn conformance with
Bal! Technical Referance PUB 41009, The
701A is compact, lightweight, and comes
equipped with bat+erfes {optional} to
make the unit a completely portable test
fnstrument. (See Figure 1,) The 702A
ts -the rack-mount version of the 701A,
requiring only 1-3/4 inches of mounting
space, {See Figure 2.) The 702A nor-
mal |y operates from ac power, but may be
equipped for operation frocm -4F Vdc
office battery supplies. Speciail feat~
ures Include the foflowing:

1.02 Dua! Digital Displtays. Differant
colored displays provide positive

differentlation betwean Leve! /Noise
(red) and Frequency (green} digital
readouts.

1.03 Holding Tone Oscillator. A 1004-Hz
holdfna tone is provided for use
in measuring loss, nolse with +tone,
transtent impairments or other tasts
which require a tone heving precise fre—
quency control and spectral puri+y,

}1.04 Voice Frequency Channel. For ¥F

measurements, the transmittar
bandwidth fs from 20 Hz to 4 kHz. C-
message and 3-kHz flat weighting net-
works are provided to measure noise on
such clirculi+s, A 1010-Hz notch filter

can ba used to notch out the 1004-Hz
tone. This notched nolse measurement
mode 1s recommended for all transmisslon
factiities with PCM or compandore:
carrier inks.

1.05 Program Channel. For program chan-

nel measurements the transmitter
bandwldth is from 4 kHz to 20 kHz. A
program channei welghting network and 2
15-kHz fiat welghting network is pro-
vided to measure noise on such circuits.
This feature [s useful In checking loca!
loops for conformance with digita! dat:
transmission or wideband program chan-
ne! requirements.

1.06 Battery Charge Status Indication:

{701A only), Battery power supply
circuits have been configured so thad
the 5~volt display and assoclated logic
supply wii! discharge flirst, instead of
the 9-vol!t supply that powers the basic
measurement and signal-generation cir-
cuitry. Consequently, the dispifay op-
eratlon will give visual Indicatian of :
marginal battery charge. This visua
Indication wil! appear as a random bu
continuous flickering of elther th
Level /Noise or the Frequency display
when +this occurs, battery operatiol
shoultd be discontinued end a rechara
Initiated before the unlt s used agaln

1.07 The 702A may be equipped for oper:

ation from a =48 Vdc office bst
tery in faclit{itles where this is the on-
ly snurce of power,
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2. PERFORMANCE SPECIF ICATIONS

2.01

2.02

2.02

Transmitter:
Holding Tone:
Oscillator Range:

Qutput Levei
Range:

Tuning Controf:
Leve! Control:
Distartion:

Recelver:

Frequaency Range:
Frequency
Response:

Leve! Parge:

Mgasurement
Resolution:

Measurement Ac-
curacy & 1 kHz:

Frequency Countert

Frequency Range:
Leve! Range:

Mgasurement
Fesolution:

Measurement
Accuracy:
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1004 Hz +/~0.1
Hz

50 Hz to 20 kHz
(2 ranges)

=40 dBm to +13
dBm

Ten Turn Pot
Ten Turn Pot

<80 dP, 200 Hz
to 4 kHz

<40 dP, 50 Hz
+o 200 Hz and
.4 kHz to 20
kHz

50 Hz +0 20 kHz

+/=0.1 dB, 200
Hz +o 4 kHz
+/-0.2 dB, 4
kHz +o 1% kHz
+/=-0.5 ¢R, 50

Hz +o0 20 kHz
~50 dBm +o +13
dem
0.1 di

“+/=0.1 dB, =30
dBm to +12 dPm

+/-0.2 dB, =30
dém 4o -50 dBm

50 Hz +to 20 kHz
«50 dBm +o +13
dPm

1 Hz, 50 Hz to
4 kHz
10 Hz, 4 kHz +to
20 kHz

+/=1 Hz, 50 Hz
+o 4 kHz
+/=10 Hz, 4 kHz
to 20 kHz

2.04

2.05

Woighting
Networks:

Level Range:

Notch
Attenuation:

Measurement
Resolution:

Measurement
Accuracys

Generai:

fnput Impedance:

Qutpu+ Impedance:

Power (701A):

RBattery Capacity
(T01A):

Cherger {(7018):

Charging Time
(701A )3

Fower {702A):

Size (701A):

Stze {7C2A71:

Weight {(70Q1A}:

Wefght (702A}:
Environment;

Nofse Mgasurement:

C-Mossage, 3
kHz Fiat
Program, 15
kHz Fleot

10 dBrn to 99
dBrn

<-50 ¢B, 995 to
1025 Hz

1 dB

+/-1 dB

600 or 200 ohms
25X, Pridoed
600 or 900 chms

MiCd Ratteries
or 117/230 Yac
50/60 Hz

5 hrs. Nominal
117/220 Vac
& Hrs. Nominal

~48 Yo Office
Battery or
117/22C vac,
50/60 Hz

5% {¥2.7 cm) H
x 7% (17,78
cm} W ox 12%
{X0.48 om) D

1 2/4% (4,44
cm) H x 1g#
(42,26 cm) W x
10" {25.4 om)
D

Approximately
10 'Ibs (4.5
kad

& Ths, (3.6 ko)

0 to R0 den. C

0 +o 90 percent
Relative Hu=-
midity



3. THECRY OF OPERATION
A, General

x.01 This =section contains the theory

of operation for the five major
cireui+s of the 701A and 70ZA uni+ts,
These are: {1) oscillator and +rans=
mit+er, (2) recelver, (3} timing genera-

tor, (4) freguency counters and (5)

level meter,

.02 Block Diagrams:; Flgure 3 is @
simpiitted functional bilock dia-

aram of +he 701A, The dlagram !s equally
applicable to the 702A unit except as
noted. Each of the sections depicted in
Figure 3 Is expanded by a detalied bhiock
diagram describing that particuler sec-

tlon. The major sections shown are
functional blocks and do not correspond
to physical blocks in the actual unit,

The physical locations of all mefor com-
ponents are listed in +he detailed biock
diagrams and can be correfated to the
appropriste schemat fc diagram for
detalled analysis of *he circul+. For

=t f

example, referring tc Figure 4, assume
you want to locate the YCO circuit on
the schematic diagram. The block rep~
resenting the YCO is labeled VCO and is
further ldentified as IC1t and 1102;
this means that the VCO clircuit Is an iC
chip which 1s identified as 1C11 and fs
tocated on schematic diagrem SD-1102-00.
(3ee Section 5.) The physical location
ot the chip Is shown on the assocliated
assemb ly drawing, ED-1102-00.

5,03 Schematic Diegrams: The schematic

diagrams for +t+he 701A and 7024
uni*s are located in Section 5 In numer=-
fcat order. Three of the printed clircult
boards (PCBs} used in the 7014 unit are
used also fn the 70ZA unlit. Hence, the
schematics for these boards will not hba
duplicated and onl!y one schematic dia-
gram per hoard appears as refarence for
both unft+s. The PCRs that are common to
both uni+s and share +he same schemat-
les are:

S0=1100-~00 Levei Meter FCP
SD~1101-00 Digita! Level PCB
SD=-2084-0% Term!ination PCH

oo TIR

DSCILLATOR b TRANSH 1T
3 R d B LK
TRANSMITTER | STarve i
L)
————P  FREQUEWCY DISPLAY
b COUNTER  r
TIMING
QF® CENFRATCR
R Nk
HOLD U
¥ —
HEAS R ; DISPLAY
RECEWE____O,S}"EL' PECEIVER Lo LEYEL pEi
J2CK ETE dfitrn
14 54 DAL #
Diag I__M \
JACK /
I3
*Refer to parepraph *.271 tor description of different diet end hoid functions avsiteble.

Fig.

b ¢
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B, Oscitlator and Transmitter

4)

3.04 VCO: The frequency of the VCO

controiled by the 4 wHz/20 KkHz
TUNE control. The
wiper of the TUNE controt! (R2) contraols
via buffer ICt13,
One current sourca controls the down
remp and the other current source con-
+rols +he up ramp of the symmetrical
trianguiar waveform output of +he VCO
(ICt1), The 4 kHz/20 kHz range switch
selects the different timing capacitors
to the YCO - depending on the frequency

range switch and the

+wo current sources

range selected.

{(Figure

Is

3.05 Sine Wave Shaping: The sine wave
shaping circult converts the VCO
triangular waveform output into a sline

wave via a dlode network,

The dicdes

are blased end conduct at programmed
points of the Input waveform to change

CUPRENT
S5QURCE®

012,
0t1, 017
102

TUNE
COHTROL
Rx
1102

the +transfer function of the shaping
circuft, ‘ -

.06 OQsciliator Setect: The 1004/QUIET/
0SC switch controls the osciitator
sefect, a dual snalecg switch, The se-
fected oscillator signal s buffered by
iC17, attenuated by the LEYEL control
and buffered by IC?0, The gain of IC20
is changed by +he 600/900 +ermination
switch *o provide constant signal power
across the termination, The galn Is
X1.22 for 900 ohms and X1 for 600 ohms.

3,07 Transmitter: The oscifiator out-

put signal from IC20 is fed via
Quiet Select 1C21, a dual analog switch,
amplifled by 1C22, 23, and +*ransformer
coupled to the TRANSMIT Jack J6. The
osci!latar output can be disabled by the
dual analog switch 1C21 when the 1004/
QUIET/OSC switch is placed in +the OQUIET
position,

1004 Hgz
0sC

vea

1
1102

Y
151s
1107

FRED
RANMGE
SELECT

4 kHz/20 MHz Sw 0sSC Sw
S1=C

2084

SiNE LN s

MV 1 cHAPER SELECT|
110,170 a8 ICt1é

1ie? "w“’\.ﬁ;

T FREQ
CAUNTEP

LEVEL r“\\\KM [-;
CONTROL 1C20 Ic 20

TD &ECEIVER FOR
LEYEL MEASUREMENT

nsC/1004

110z QUIET]
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Fig.
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1163 1107 !
CAIN MHANGE
DD /200
TERM, Sw O8C Sw
Bixi 57
204 11pe
POWER
AP N M TERM. TRANSMIT
i Sw :x::::i} JATK
|anmmm__ﬁ9 5 -p JF
1107 T 2084 110z
(RN U 007900
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C. Recelver (Figure 5}

*3.08 input Clircufts: The hold circui+t
(Q4-06) Is a constant~current
source which Is connected to the +ip and
ring contacts of the RECEIVE Jack when
+he HOLD/OFF swi+ch I[s placed In the
HOLD position. The DIAL Jack via It+s
shorting contacts Is connected to the
RECEIVE Jack when the DIAL/MEAS switch
is placed in *he DIAL position. The
galn of IC10 is changed by the 600/900
termination switch to compensate for *he
power level <change across +the line
+ermination. The 701A and 702A semple-
and-hold circuits are further described
in paragraphs 3.21 through 3.26.

2.09 Filter: The output from amplifier

polnts: (1) directly to the frequency
counter circultry on the Common Analog
PCB; (2) to Filter Select A, IC13 (a
quad analog switch); (3) C-message
fliter; (4) program flil+er; and (5) 3
kHz fitter. When IC13 is enabled by
Filter Select Logic (IC17-19) +he output
from 1C13 is buffered by 1C2 and applled
directly to Filter Select R (I1C14) as a
"recefve level" signal, to the 15 kHz
Filter, and +the Motch Filter. When IC14
Is enabled by *he Filter Select Logic,

one of i+s four Inputs Is switched +to
the level meter clrcultry via I1C12 and
to *he VOLUME control. The four
selectable Inputs are: (1) nolse, (2)

unf il+tered receive level, (3) unfil+tered

iCI0 is fed +o *he following transmi+ tevel, or (4) notch nolse.
HOLD
OF £ CIRCUIT
Ckg CONSTANT
CURRENT
b SQURCE
HOLD 4 - DR —= TO FREQ COUNTEP
167
RECE}VE £00/900 INPUT T A =
JACK TEPM Sw XF MR FILTER MCTC FiL SR MNotsE
= ico oo
Ja $1-A RARTHS 1160
1107 20R4 mee 1100 g 1100
; FILTER FILTER
cHaNer PROC |yoiplSFLECT RCV LEV[ee[ErT
coe/o0n ¢ FILTEP B
NIAL TERM, oy \c7
SACK AN Lo >
= XMT
az znes Tk |V FROM —EY )
nes e— FILTER FLAT TRANSM|TTER
Ice
1ieo
CLeT NOTCH
L_IFiLTEP
ffgé IC1-8 INQiSE %?éﬁ
1100 NGTCH
FUNCTION Sw $1 ==L3F |LTER
07 SELEFT
XMT/PCY Sw  £2 =" ncie
dkHz /20kHz Sw S1-0C ==
700 In17-10
FLAT/WCTD Sw 21-D ==»{ 1i0n0
> ARNG LN
112 TO LEVEL MFTER
T100
T
L CONTRCL 1H%k
1103 :
1107
Fig. 5
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D, Timing Generator (Figure 6}

3.10 Frequency Dividers: The 1-MHz os-

" clitator signal Is used by the
Level Meter counting clrcuits., |+ 1Isg
also divided by 1000 to obtain a I-kHz
signal {(SCNFRQ) which is used by the
Levei Metar and Frequency Counter +to
multiplex +he counter digits onto the
decoder tnput lines. The 1-kHz signal
Is also divided by 10 +o obtain a 100-Hz
signal. This signal Is In turn divided
by 12 by +two separete countersj one
counts on the positive edges of the 100~
Hz signel, and the other counts on the
Thys, the two counters

are out of phase by one~half of the
tnput period. The third stage of one
counter provides & divide-by-6 output,
which Is further dlvided by 10 for use
In +the autoranoing clircuf+ in the Level
Meter.
3.11 Timing Logic: Figure 7 shows the
timing slgnals produced by com=-
binations of the two divide-by-12 coun~

ters, Both counters count [n binary
untit € « D resets both counters. The
diagram shows the logic equation for
each signal; +hese signals will be

explained fully In the Frequency Counter
and Leve! Meter descriptions.

negative edoes.

1 MHz

0sC
ic2e
1101

CRYSTAL

FPage 6 -

- Al
1000 [V kHzf 4+ 10 {100 Hzl =12 |ny
= i S
IcY, ? 1C2 ic1e
1101 110 11071 01
TIMING TIMING
LOGIC S IGNALS
1 MHz SCNFRQ A
T0 (SCAN DISPLAY) 17 s
LEVEL METER {Ej >
icte -T—>
1101 LBl o 1ot
(+86)
SWITCH
|, AUTORANCE
1C17 1101 GAIN
: {1.67 Hz}
Fig. 6



0 1 2 X 4 5

7 8 9 10 11' 0 1

106 Hz CLOCK I | I | I | I | | | I | | | | | I | | | ’ ! | ! I | | |

c J 1 |

|
D I L
Y D S 11[1!!IL

|
C1 | ] ]
|
D1 | | o
}d—PESET = CD
TIMZ0 [20ms | ¢ 21.C1eD1
{Time Z20dR}
TIM40 i 40 ms - TIM20 + B1-C1
(Time 40dR) |
ENDME § [ l__.._.— D1-RY
(End Measure)}
TIMxER 1 ' AT~ ENDMES
(Time of Transfer)
TIMCLR | I
(Time of Ciear) I Al.ENDMES
TIMCLP |
{Time of Clear Pulse)
LEVREF

{Level Reference)

9

=l

.B.

E. Frequency Counter (Figure &)

3.12 1nput Circults: The  TRMT/RCY

switch determines which Tnput sig-
nal Is selec+ted. The low=-pass filter
removes nolise spikes, and +the square
wave converter clips the signels to form
e dlaltal signal. The Frequency Select
gating clrcuitry gates *he square wave
output or the output of a X10 frequency
multiptier. The multip!ier makes a 1 Hz
resolution possible for a counter perfod
of C.1 second. The multiplier consists
of a VCO, ophase-locked loop and a
divide-by-10 counter. The X10 signal fs

<Ny D1-CH

divided by 1C and compared with +he
input signal to correct the VCO frequen-
cy.

2,12 Counter and Display. The +iming

cycle begins with a2 TIMCLP signal
(Time of Clear Pulse) which clears the
d-digit counter. The cleer pulse is
formed by differentiating +he *railing
edge of the TIMCLR signal (see Figure
7). The input sfanal is counted for 100
ms; the TIMXFR signal (Time of Transfer)
overrides the Input signal end *ransfers
the counter contents to a storage regis-
ter. The contents of the register are

Page 7



continuously multiplexed onto +he four
bit+ data lines, one diai*+ at a time.
The mul+ipliexing Is controlled by the 1-
kHz SCNFRO {(Scan Frequency} signal fram
the Timing Generator. The hit+ data is
decoded by a BCD-to-seven segment
decoder which controls the display seg-
ments through driver transistors,

X.14 Corresponding segments of all dig=

its are wired +together. The
four-digi* data 'ines Indicate which
digli* Ts being mul+ipiexed onto the bi+
data lines., Each dlialt dats line feeds
a driver which connects +o +he anode of
all segments for a slngle diglt.
Therefore, any gliven segment of +he dis~
ptay is 1i+ by a colncldence of tha seg-
ment driver and the digit driver. The
display !s blanked when the switches are
set +a QUIET and TRMT position. The
decimai point 1Is determined by the
4 kHz/ 20 kHz switch. The 4~Hz pasition
qlves X,XXX KkHz; the 20-kHz posi+ion
gives XX XX kHz.

of recelver nolse, receiver level,
receiver notch nolse, or transmitter
tevel. The signal is fed +o an amplifier
with 8 qain of 0, +20, or +40 dR. The
oain 1Is set by using +he autoranging
signal 40 “switch, via a dual anelog
switch, feedback resistors in the amp-

fifiar. The output of the amplifier Is
fed to an Average Detector and & Peak
Detector, The Average Detector output
Is selected for feve! measurements., The
two detector outputs are summed to form
2 quasl-rms signal for nolse measure=

ments, The selacted detsctor output,
notse or level, is flitered to yleid =
dc output.

X.16 The dc output from the fil+ter is
compared wl+th reference voltages
that represent under-range, over-range,
and out-of-range thresholds. The out-
of~range comparator blenks the display;
the under-range and over-range compara-
tor outputs drive the Autorange Galn
Switching logic. A two-bit+ counter
stores the gatn data (SD-1101-00):

F. Level Meter (Figure %) AGC40 (40 dB gain) = Q1 {(least stanifi-
cant bi+)
3,15 Detectors: The input to the Level AGC20 (20 dB gain) = 02 (most signifl~
Meter Is derived from Recelver cant bit) .
Filter Select B (Figure 5), and consists AGC {0 dB oaln) = Q1«07
FREQ DISPLAY
IC5 » @ 1403
4 kHz /20 kM B [ Q ™,
F4
5w SgLEeT prmmmmnd [ H H *2
-0 20P4 i, B2 t:'””’”“ -
RE 0 7
SiGIT SEGMENT
DR1VERS DR FVERS
CR A, T,9037 B T
tier
3 DigIT
XMT —»)  INPUT LOW-PASS SouARE s FREQ  oouw. CATA
SELECT s FILTER caﬁvgnrsrz-{ STEEREL Dyyol "o MA-CIGLT]
Rov —f  [C1E | e ic14 WA IR R e COUNTER] 511 pata  [P-SEGMENT
1107 1102 1 1101 ———— BECDOER
[ 1627 €25
ilm 1101 {10)
ey & kHz/20 KMz oA ook 1
§-2 gi-c  (TIMCLPG | DIGITS TRLNERT)
1103 2084 qRaNsFER (TTMYPR}
{From Timing
Generator)
Fiag. &
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GAIN SELECT
0, 20, 404dB

-

AVERAGE
INFUT DETECTOR DETECTOR VOLTAGE %gggggg AUTORANGE
FROM (C22, 23 SELECT COMPARATORS| RANGE®|  GAIN
RCY “Too OVER . |SWITCHING
RANGE
PEAK 1C20 IC3 -5 ic17
Mp  {DETEETOR 1100 1102 JOUTOF| 170
€22, 2% RANGE
T100
[ VOLTAGE |
FUNCTION Sw ~elOLTRGE 1 (Tshlay
(NOISE/LEVEL) RErERENeES
St 1103 o
LOG RANGE
W INDOW
ENOMES | EXPONENT [AL VOLTAGE |~ puicfF | LEVEL/ =10
FROM | CENERATOR {——mi  IC2 PULSE -m RANCE 1101 | 1103
TIMING |01 - 3 1102 1102 2008 _ | SELECT 1 MHz " °
GENERATOR & PULSE *ic5,7,8,0,| (TIMING GEN)
e 400 -»410 1101
LOC CONVERTER ACdE 0
STen
SELECTjmy
c FUNCTION Sw
LEY BE—>lc= not] | (NotsE/LEVEL)
(TIMING GENERATOR) sto1ies
L S (GN
DIGTT
DiGIT DATA LEVEL DiSPLAY
-DIGIT 2 DRIVERS ==
COUNTER 103204210 —
v 1T ~= =
COUNT Al AR
DATA [7ZSEGMENT SECMENT
0?1 == DECODER f=—=DM DR JVERS =M (01 -4
1107 [C74 1101 1029 1101 1103 dBm/dBrn
CLEAR | SCAN DIGITS
{TIMCLRJ| (SCNFRC)  pLANKING
TRANSFER (BLNLEV)
(TTMXFH )
(TIMING GEN
Fig. 9
Pa




The ecounter steps for any of *he fallow-
Ing conditions:

Ovef-range « AGCA0
+ (under-range + o?erwrange) s AGC20

+ under-range » AGC

2,17 A 1,67-Hz signa! (CLKZHZ)} from +he

Timing Generator 1ls wused as a
counter clock. The counter resets when=-
ever Q102 occurs; note that the counter
steps from +he AGCZ20 state for either
over~range or under-range. The over-
racrge conditton steps the counter to the
AGC state by.resetting *he .counter. The
under~range condltion steps +he counter
once more to reach the AGC40 state. Fig-
ure 10 shows how the gain is switched
for a decreasing signa! and an Increas-
ing stanal. MNote +the 2-dB hysteresis
for the two cases. This avolds excesslve
gain switching for sftanals which fluct~
uate at +the gelin boundaries. The
hysteresis Is provided by +the voltage
comparators. The under-range comparator
turns on for input voltages less than
0.074 wvol+s, while +hs overw-range
comparator turns on for ipputs greater
than 1.11 woits. The autoranging oalfn
signals are fed back *to the [Input
amplifier to set +he gain, and are also
fed to the Level Meter Loglc to correct
+he display. '

X.18 Log Converter: Figure 11 shows

the operation of the log converw
verter. The ENOMES (End Measure} pulse
from +he Timing Generator charges a
capacitor *o & refersnce voltage, At
the end of the pulse, the capacitor is
allowed *o discharge through 2 resistor,
The capacitor voltage Is buffered by e
high Impedence amplifler and compsred
with the dc voltage that represents the
fnput signal tevei. The output of the
conparator is high from the start of the
ENDMES puise until the capaci+or voltage
is legs than the Input voltage. The
width of the comparator output is in-
versely proporticnal to the log of the
input voltage,

Fage 10

2.19 Counter Loglc: The output pulse

of the log copverter comparatar
{LOGWND) is used as a "window" to gate 1
MHz clock puises *o +he 3-~digl+ counter

which drives the level display. Addi=-
SIGNAL
DECREAS ING
dBm _
+HX LY
%
0 -
OcR GAIN
AGE
=22 -
24~ ¥
20 dB GAIN
ACC 20 2 4R
HYSTERES 1€
-l P -~
-2 - L
4Q¢R
GAIN
, AGC40
-50
S1GNAL
INCREASING
Fiag. 10



ENDMES
{End Messure}

i

4»{—- —
Veap +gB ! -dB
1
1
by
LOGWND [
{Log Window) I [ 1-—- -dR
|
LEVREF l 15 ms
{Levet Reference) ' .
LEVW [ND
{Lave! Window} ! , l l_ —d
= LOGWNR (P LEVREF
TIMCLP l
{Time of
Ciear Putse)
TIMZD I 20 ms i
(Time 20 dB)
TIMAD
{Time 40 dB} 40 s
TiIMXFR
{Time of Transfer}
SET SICGN FF +
I[F LOGWND = O
¥
dh:-b —
Veap +d8:de
i
! i
! i
! i
LOGWND | P +db
I
I
LEVWND | | 1

Fig. 11
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tional window pulses are added +to The second case shawn In Figure 11
correct the display for the selected fs a positive level measurement. The

gaip.

{a) Negative dB. Level Measurements:

Figure 11 shows +t+he +iming for
level measurements. The first case
shown 15 & negetive dB level. A
LEVWIND (level window) signal s
formed whent

LEVWND = LOGWND (¥) LEVREF

LEVREF {level reference) fs a 1% ms
pulse from the timing generator. The
timing cycle begins with the ciearing
of the counter with TIMCLP, The
counter Input for level measurements
is:

{1 MHz - TIMXFR
* (LEVWND + AGCZ0
+ TIMZ0 + AGC40 = TIM2()

Onty +he portion of LOGWND that
follows the end of LEVREF is counted.
The portion during LEVREF Is b!ocked
by the exclusive OR; the portion be~
fore LFYREF 1is cleared by TIMCLP,
Mote +hat +he count Increases as the
input leve! decreasss. The count
pulses are divided by 10 and fed +o
the 3-digit counter. (The counter is
actuatly a 4~digit counter; +he LSD Is
naot displayed. Therefore, an addi-
tional division by 10 Is inserted.}

{b) Scaling: Proper scallng of the

display is provided by the TIM20
and TiMd0 pulses, The 20 ms TIM20
puise ls gated by AGCZ0 +o add 20,000
pulses to the count, Dividing these
pulses by 10° results in a display of
200, Since the displey !s In +enths
of dB, 20.0 dB }s added. TIM4D ig
used 'n a similar manner for the 40 df
range, and neither signal Is used for
the 0 ¢B range. The contents of the
counter are transferred to a storage
regfster at the TIMXFR puise (Time of
Transfer}. Counting is blocked during
this puise.

{c} Positive dP Llevel Measurements:

Page 12

counter is enabled from +he end of
LOGWMD unti! the end of LEVREF. Note
that the count decreases as the finput
level decreases. The sign of the dig-
play s determined by a FF, which Is
sat high (positive signai} if LOGWND
Is low at the end of LEVREF, The dis=
played + sign Is formed by a comblina~
tion of +the - sign and a vertical
{ine,

(d} Nofse Mezsurements: Nolse meas-

urements are displayed in reverse
notation, t.e., dBrn. O dPm corres-
ponds to 90 dBrn and =90 dBm corres-
ponds to O dPrn, Fiogure 12 shows the
fog conversion, A NOIWND (nofse win-
dow} signal Is formed when:

NOIWND = (TIM40D « LOGWND) + TIMCLR

The +timing cycle begins with the
clearing of the counter with TIMCLP,
The counter Input for nolse measure-
ments Is:

1 MHz « TIMXFR « (NOIWND + TIMZ20
« ACC20 + TiM4@ = AGCZ0 » AGL20)

Figure 12 shows +thzt NOIWND enasbles
the counter from the end of LOCWND to
the heginning of TIM40D. MNote tha+ +he
count decreases a5 +*he noise leve!
decreases, Proper scaling fs pro-
vided by adding the TIM20 puylise for
"+he 20 dB range, TIM4C for +he 0 dP
range, or nelther for the 40 ¢B range.
TiMXFR blccks +he counting at the end
of the cycie and trensfers +the counter
contents +o the storage register. The
counter reguires at I{east one addi-
+ional count pulse +o +transfer +the
counter cantents. This requirement is
met by the TIMCLR term In +he equation
for NOIWND,

3.20 Level Display: The operation of

the leve! display is similar to
+that of +the Frequency Meter Display
(paragraph 2,12}, The sign, decimal
point, and tenths digi+ are tlanked for
nolse measurements. The level display



Is blanked with the plus sign on when-
ever a level measurement exceeds +13
dBm. Conversely, the display {s bianked
with the minus slan on whenever the con=-
trols are set to TAMT and QUIET posi-
tion. The entire display is bianked
when the controls are set to TRMT and
NOISE or NOTCH NOISE,

G. Logic Eguations

ENDMES = D1+ B1
(End Measure)

TIMXFR = AT » ENDMES = At « Bt . D}
(Time of Transfer)

TIMCLR = A1 » ENDMES = A1+ BT » D1
{Time of Clear)

LEVREF1 = C +D + A +B

LEVREF = LEVREF1 + (D1 «C1)
{Leve! Reference)

LEVWND = LOGWND + LEVREF + LOGWND -«
LEVREF = LOGWND (¥) LEVREF
(Leve! Window)

TIMZ0 = C1 - (D1 4+ B1) = Cl1- D1+ B} NOIWND = TIMCLR + (TtMa0 - LOGWND)
‘ (Time 20 dB) {Notse Window)
TIMAQ = §1+ C1 + TIM20 = B1- C1 + COUNT = 1MHZ » TIMYFR « [CEVEL -
CT-D1-81 (TIM20 « AGC20 + TIM40 * AGCZ0 * AGC4O
(Time 40 dB) + NOIWNDJ]
ENDMES | |
Vcap
I
LOGWND | |
NO (WD | ] [ 1 [
{Noise
Window)
TIMCLP I
rinze 7w ]
TIMAQ | 40 ms L
TIMCLR | l [

Fig.

12
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+ LEVEL ~ (AGC40 « TiM40Q + AGC20
+ TIM20 + LEVWND)

NEGSGN = BLNFRQ + LEVEL
{Negative Sign)

POSSGN = LEVEL + FF3 (+ sign formed by
POSSGN « NEGSGN)
{Positive Sign}

FF3J= LOGWND [(FF7 (I1C2-1, 1101) fs 1
for +, 0 for =)]

FF3K= LOGWND

FF = LEVYREF
3CLK .

BLNFRQ = QUIET » XMT
{Blank Frequancy)

BLNLEV = OUTRNG + QUIET « XMT
+ LEVEL - XMT
{Biank Level)
FROCNT = VF ~ INPUT X1Q + VF *
INPUT + TIMXFR
{Frequency Count)

AGCZ20 = Q2 (1C17-12, 1101)
(Auto Gain Control 20}

AGC4A0 = Q1 {1C17=-11, 1101)
AGC = Q1 - Q2
Switch AGC = CLKZHZ « [lUNDRNG -AGCZ0
« AGC40 + (UNDRNG + OVRRNG) = AGC20
+ QOVRRNG » AGC401]

UNDRNG - Under=ranae
OVRRNG -~ Over-range

Reset AGC = 0t + Q2
VF = 4kHz switch posi+ion
PROG = 20kHz switch posi+ion

LEVREC

K

LEVEL + REC

]

LEVXMT = LEVFL « XMT

FLAT = LEVEL + (WGTD + VF)
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VFWGTD = LEVEL « VF + WGTD
{C Message Filter)

PFWGTD = LEVEL PROC WGTD
{Program Filter}

YFFLAT = LEVEL +« PROG « WGTD

{3 kHz Fiiter)

H. Dial and Hold Functions

3.21 Vartlations of the Diel and Hold

function have been Incorporated In
the 701A units manutactured +to date.
The functional differences and effectlive
seria! numbers are described In the foi-
towing paragraphs.

*.22 T01A Units, S/N up thru 1502: Un=-

its with serial numbers up thru
1502 have the dial and hoid functlon
assoclated with the TRANSMIT ({(output)
Jeck. (See Figure 13.) When a dial set
is pluaged into the DIAL jack, both the
recelve and transmit Interna] measure-
ment clircults are disconnected from the
TRANSMIT Jack, and @ dlirect connection
is established between:the DIAL jeck and
the TRANSMIT jack. This arrangement
permits the circult under test to be
connected to the TRANSMIT jack, and to
be dialed up using a dial set plugaed
into the DIAL Jack. When an off-hook
condition is estab!ished et the far-end,
and with the HOLD/OFF switch n the HILD
position, & holding current is appiied
to the line under test. Removal of the
dial set from the DIAL Jack estab!ishes
a connection from the TRANSMIT jack to
the Intearnal measurement circuitry which
Is controtled by the XFR/NORM switch,
With the switch in the XFR position, the
measurement clircultry s connected to
the circult under test and the transmit
circuitry is disconnected. In the NORM
position, the trensmit measurement clir=-
cultry is connected ta the circult under
test to &llow application of the oscil=~
fator output. The unlts having this
particuiar arrangement can be identified
by the presence of the XFR/NORM toggle
switch on the front panel.



¢| abey

FRANSM:T
JACK

/
J¥ §&m_*_”

HOLD 1§
HOLD 2
52
z
H 2‘3’}1
DisL ‘/?‘5 5F ﬁw
1) i 1280
JATK :))4 Si-h | i XMTOT?
z. < : 27400
J? ? = WT (Ring) 37
hS . eal B X XMTOT
52
1 | noew
? ROV (TIF}
T AFR
3 : F00/900
RECE 1VE \/ 5 S 1
JRCK XFR
n
E& ] | TERM/EROG
XFR/NORM fm
RCY {Ring}
XMT (Tip}
XMT {Ring}

%t Fhpwe Tn OUT position
52 Shown in NOPM position
5T Thown in (FF position



X.23 TO1A Units, S/N 1656 Including all

subsequent sertal numbers except
1662 thru 1668: The current production
units Incorporate a DIAL/MEAS switch {in
tiou of the XFR/NORMAL switch), and have
the diat/hald function assigned to the
RECEIVE Jack. (See Figure 14.) W#i+th
the circult under test patched to the
RECEtVE jack and a dial set pfugged into
the DIAL Jack, the c¢lircult under test
can be dlaled up when the DIAL/MEAS
switech 1s placed In the DIAL position.
Upon establishing an off~hook condition
at the far-end, and placing the
DIAL/MEAS swlitch in the MEAS poslition,

the Internal receive measurement
circultry Is connected to the circult
under test. If only a measurement test
Is required, 1t is not necessary o
remove the dial set from the DIAL Jack.

3.24 Most circuits will be haeid up by

the 600 or 900 ohm resistive ter=
mlnatlon ocross Tip and Ring. Howsver,
for extended loops, additional holdling
current can be provided by piacing the
HOLD/OFF switch in the HOLD positlon.
If it 1s desired to apply a test tone
signal, the HOLD/OFF switch must be

- 1 g 124n
XMTOTH
Gt
t S1wA 77401
TRANSM
JPCK , 12
1(RsNC> ' x | %z
St-a
MTOT?
: 572740 XMT
55
i
HOLD 1
" s =
L 2 P
X : t
/ O LT.J
JRCK = HOLP 2
A\f ; (RING) :i/}}
. |
€ ROV (TIP}
GOCOL6C0/900
64 {MEAS
{T'P§ 5
RECE I VE 40 |D1AL
A TERM/BROG
e 1 3 . 2y;§ MEAS /
- {RING: Py
gT DIAL ICY (RINGS
£4
DIAL/MEAS
51 Shown In OUT position
T4 Shown in MEARS pesitian
S5 Shown in OFF position
Flg., 14

-
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placed in +he HOLD positfon, +he dlaf
se+ must be removed from the DIAL jack
{1f one Is connected), and the DIAL/MEAS
switch must be returned to +he DIAL
position. With a dial set removed, the
DIAL/MEAS switch functlons as a +ransmit
measure switch connecting +the circult

under +test to the *ransmit circult or

the measurement clircultry respectively.

3,25 701A Units, S/N 1503 +hry 1655 and

1662 +thru 'RE68: A relfatively
smal [ number of units were manufactured
simiiar to the current version {(refer to
Paregraph 3.2% and 3.24), but without
The capabllifty to connect +he transmi+t
output +o +the dlaled up ¢ircui+. The
front pane! arrangement of these units
is the same as the current production
version,

X.26 70ZA DIAL end HOLD Function (Fig-
ure 13): The 702A units have the
same dial and ho!d configuration as the

early 701A models (paragraph 3.22).

4. TEST AND CALIBRATION

A, 70%A and T702A Test and Callbration’

Procedures

4,0t The foilowing procedure is appli-
cable to both the 701A and 702A
test sets.

4,02 Test Equipment Reguired: The fol~

lowing test equipment is required
for cailbrating the 70!A and 702A test
sets.

e Mul+imeter

® RMS VYoltmater

e Distortion Analyzer
® Frequency Counter

@ Oscillator

® Oscl ! loscope

e Attenuator

® Dc Power Supply

4.03 finl+ial Set-Up Procedure: Set +he
front pane! switches on the T01A

or 702A as follows:

FUNCTION switch LEVEL
DISPLAYS switch RCY
All pushbutton switches Out

{disengaged)

4.04 Jack Connections Test: Check the
front panel Jacks as foflows:
{a% Check and verify that the Tip and

Ring of the RECEIVE, TRANSMIT, and
DIAL  Jacks are not connected +to
ground.

(b3 Check and verlfy that the sleeves
of all three Jacks are connected
to anaiog ground.

{(c). Turn on power ta the unit being
tested.
4,05 Leve! Callbratlon Test: Pertform
the leval calibratlion test as
follows:
(#10)
{(a) Input a 0.0 dBm signal at 1 kHz
and verify that it reads 0.0 dPm

on an PRMS metear (600 ohms termina-

tion).

{b) AdJust RiI0 (8000-1100-00) for &
reading of +/«0.0 on the level

display, (Hie)
p:ay ©)

{c) Put 20 dB attenuation in the input
signal.

{d) AdJust R1 (8000~1102-C0) for a

reading of ~20.0 dPm on the !eve!

dtsplay,&io‘)

{e) Put 40 dB attenuation in the input
slignal.

(f) AdJust Re& (8000-1100-00) for a
reading of ~40.0 dBm on the leve!
display,

(:gwo-”a!, - "0)
Ri s moT THeL (5T fPog-

[T 18 S5 From THE Rie T UtEe > D
[~ Adm THe RE4R

Page 17
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(g) Repeat step (&) untli the follow-
ing condltions are met. .
" RMS Meter Leve! Display
+13.0 Bn +13.0 +/-0.2 dBm
0.0 dBm 0.0 +/-0.1 dPm
-20.0 dBm -20.0 +/~0.2 dBm
~«30.0 dBm -30.0 +/-0.2 dBm
~40,0 dBm -40,0 +/-0.2 dBm
4.06 Noise Callbration Test: Par form
the noise calibration tast as
follows:

{a) Set FUNCTION switch to NOISE posi-
tion.,

{(b) Input a 0.0 dém, 1000 Hz signal.

for =a
leval

{c) AdJust FR9 (8000-1100~00)
reading of 90 dBrn on the
display.

{d) Put 40 dB attenuation in the input
signal.

(e} Adjust R7 (8000~1100-00}
reading of 50 dBrn on +the
display.

for 2
level

{f) Repeat stap (b) until the follow=
ing conditions are mat,

RMS Meter Leve! Display

0.0 dBm 90 +/~1 dBrn
=~10.0 dBm B0 +/-1 dBrn
~20,0 dEm 70 +/=1 dBrn
-30.0 dBm 60 +/~1 dBrn
~40.0 dBm 50 +/=1 dBrn
~50.0 dBm 40 +/-1 dBrn

4.07 Transmitter Leve!l Calibration
Test: Perform the transmitter lev-
el calibration test as follows:

(a) Set DISPLAYS switch to TRMT posli-
tion and select WE-Hz mode.
O5¢ mepE
feoo F 2

(b) AdJust front panst LEVEL®controt

for a level dispiay reading of 0«0:%
dB. +

{c) AdJust R9 (BOOO=1102~00) unt il RMS

meter (600 ohms terminated) reads
0.0 +/-0,1 dBm.

4,08 Transmitter Frequency Callibration
Test: Perform the +trensmitter
frequency callibration test as follows:

(a) Set DISPLAYS switch to TRMT mode
and select OSC mode at 0.0 4B, 300

+
R2,R3 R7,RS

AdjustRB: ’Bﬁﬂ {8000~1102-00"}
far distortion of =50 dB.

Hz.

{b)

iNcr.'f R7 cHIVEES LFRER - CHASE 1T kv +TH Dris T Anae

{c) Change transmitter frequency to 50

Hz,
{(d} AdJust R4 {8000-1102-00) for dig-
tortion of =40 dB.
(e) Change +transmitter frequency to
3000 Hz.
{(f} AdJust R7 (8000-1102~00) for dls-
P tortion of =~48 dB.
(g} Repeat steps (&) thru (f) unptil
the dlstortlon specificatlons sre
satistied,
4,09 1004 Hz Test: Perform the 1004 Hz
test as follows:

(a) Set DISPLAYS switch to TRMT posi-

tion, and select 1004 Hz mode.

Adjust RE (£2000-1102-00) for @

trequency display of 1005 Hz.
WY AoT R127 ok ©.0bdm oviwir

B, ED-1101-00 (Digite! Leye! PCB} Test
Procedure

(b}

4,10 The following test procedure s
appiicable to both +he 7T01A and
TDZA test sets: P



4,11 Test Equipment Required: The foll=
owlng test equipment !s required
for performing this test procedure:

701A or 702A (calibrated)

Frequency Counter
Halcyon 5208

Attenuator
4,12 Initial Set~Up Procedure: 5Set the
front panel switches on +the 701A
or 702A unit as follows:
FUNCTION switch LEVEL

DISPLAYS switch RCV
All pushbutton switches: Out
(disengaged)

4.13 Displays Test: Perform the dlsp-
tays test as follows:
{a) Input a 1000 Hz signal at 0.0 +/«
0.1 dBm into the RECEIVE Jack.

(b} The level display should read 0.0
dBm +/- 0.1 dBm and the frequency
display should read t.000 kHz.

{c) Observe that the frequency disp!ay

does not change more than t Hz In
feast significant digit at 2 rate not
less than cne minute.
{d} The leve! display should not
change or f!icker.

{e) Both displeys should be of eqgual
brightness and readable.

Perform the
as foliows:

Autoranging Test:
autoranging test

(a) Change Input leve! to -20.0 +/-0.1
dBm.

(b) The level display should change to
«20,0 +/-0.1 dBm w!thin 2 sec-
onds and stay at that polnt.

(¢) Chenge input leve! to -40.0 +/-0,1
dBm.

(d} The ‘tevel display should change
to -40,0 +/-0,2 dPm within 2 sec-
onds and stay at thet point.

Noise Test: Perform the né!se test
s follows:

(a) Set FINCTION switch to NOISE posi-
tion,

(b) Input the following slgnals and
observe the tevel display.

Input Signa! Lave! Display Readlng

0.0 +/~0.1 dBm 90 +/-1 dBrn
~20,0 +/-0.1 dBm 70 +/-1 dBrn
=40,0 +/-0,1 dBm 50 +/-1 dBrn
~60,0 +/=0.1 dBm " 30 +/=1 dBrn

4,16 Frequency Resolution Test: Resolu-
tion should be 1 Hz for the 4 kHz
range and 10 Hz for the 20 kHz range.

Blanking Logic Test: Perform the
btanking loglc test as follows:

4.17

{a} Set DISPLAYS switch to TRMT pos!-~
tion,

(b) Set FUNCTION switch to NOISE posi-
tion.

{c) Observe that the level display is
hiaqked.

(d) Set the 1004/QUIET/0SC
QUIET postition.

switch fo

(e} Observe thet both displays blank
out except for the +/- sign and
the decimal polint.

{(f) Input a signal 13.5 +/-0.4 d8m.

The leve! dispiay should be
blanked except for the +/< sign and
the decimal point.

(g) Except for the above canditions or
fow battery, the dispiays should
not blank out in any other mades.

(h) Turn off power to the unit under

test.
(1} This compietes the test procedure

for the Digitae!l Leve! PCE
(ED-1101-00).
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5. ENGINEERING DRAWINGS

5.0t This section contalns the Halcyon

englineering drawings requfred for
maintenance of the 701A and 702A test
sets., The bliock and final oassembly
dreawings are Included first to aid in
ldent[fylng the subassembly drawings
that follow. The subassembly drawings
ara In numerical order as indicated by
the . four~digit base number and the two-
digit suffix, All the drawings required
for each assembiy or subassembly are
grouped together, with +the schematic
diagram followed by the assembly draw-
Ing, blli!s of materlal, and wiring !ist
as applicable. The drawings lncluded are
as follows: -~

Top Assemb!y Drawlings

1136~00 701A Transmission Test Set
1143-00 702A Transmisston Test Set

Page 20

Sub-Assemb!y Drawings

00Q1-45 Enclosure, 701A
0002-45 Frequency Display, 702A
0002-46 Level Display, 702A
1057-00 DC/DC Converter, 702A
1057-15 DC/DC Conv Mod, 702A
1100~00 Level Meterk

1101-00 Digital Level¥®
1102~00 Common Analog, 701A
1102-01 Common Anmlog, 702A
1102~01 Mother Board, 701A
1104-00 Power Supply, 701A
1122-24 Front Panel, 701A
1122-25 Rear Panel, T01A
1143~01 Front Panel, 702A
114302 Inst Rack, 702A
1148-00 Mother Board, 7027
2084-01 Termination Board*

¥Common to both 701A and 702A
units
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