CIRCUIT DESCRIPTION BD-952°1°( -2
TSSUE ¢.B

APPENDTX 2T

DWG ISSUE 13P

7 | COMMON SYSTEMS

TRANSMISSION MEASURING
MILLIWATT DISTRIBUTING CIRCUIT
USING 71 TYPE MILLIWATT REFERENCE GENERATOR

CHANGES
D. Description of Changes

D.1 CAD 8 was added to cover wiring to the 71C generator using
e connector. The connector ig used in place of wire-wrap

connections when the generator is removed from its mounting and
reinstalled.

D.2 An addition was made to Table C.
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CIRCUIT DESCRIPTION

CHANGES

3. _Changes in Apparatus

B.1 In Pig. 1:

CD-95277-01
ISSUE (B
APPENDIX 1B
DWG ISSUE 12B

COMMON SYSTEMS
TRANSMISSION MEASURING

MILLIWATT DISTRIBUTING CIRCUIT
USING 71~TYPE MILLIWATT REFERENCE

GENERATOR
(71A, 71B, AND T71C MILLIWATT REFERENCE GENERATOR)
(71D AND T1E NETWORK PANELS)

Superaeded by

Apparatus Superseded

1l - Pot., R6 250 ohms
K8-13790,L1

1 - Res, RS 1000 ohms
221A

Added

l - Varistor, VR1, 100D
B.2 In Flg. 8

Apparatus Superseded
1l ~ Res, Rl 221A
1870 ohms

B.3 In Fig. 91

Removed

500 ghms

619 ohms

Superseded by

RCL Elec~
tronics #R287
or equlva=-
lent,

Temp coef:
+500 +50
ppm/C

Replaced by {(in Pig. 8)

1 - Reslatance

1 - Resistor, R24,

Lamp, RT3, K8~14603,L34,
Type 13N 162 ohms
1 - Reslistor, R25,
KS-13491, L1,
2700 ohms

1 « Transistor, Q2,
Type 2N1501

BELL TELEPHONE LABORATORIES, INCORPORATED

DEPT 2194-PJK-BCB
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D, Deseription of Changes

D.1 Options P and Q were added in

¥ig. 1 %o cover apparatus changes
B.1l. Optlon P was previcusly shown and
not rated Mfr Disc. Optlon Q was added to
obtain a hlgher generator cutput level,
Varistor VRl was added to temperature-
compensate the generator output level,

D.2 Options R and 5 were added in

Fig. B8 and 9 to cover apparatus
changes B.2 and B.3. R24, R25, and Q2
of opticn 8 replace RT3 to more effec-
tively regulate output level of the 71C gen~
erator for changes 1n supply voltage.
Option S of Rl, replacing cption R, adds
temperature compensatiorf of the generator
ocutput level .

D.3 In Clrcuit Note 111, reference to
Fig. 6 and 10 was eliminated and
those drawlngs requiring +0.5 dbm were in-

cluded. Flg. 10 was rated MPr Disc.

D.4 Note 303 was modified to provide an
exception to conhnecting an output

“8ireult to direct current.

D.5 Notes 207, 309, and 310 were added
and Note 302 was modified.

D,6 An addition was made to Table C.

D,7 Fig. 8 and 9 and associated CADs 3
and 4 were rated Mfr Disec.

D.8 Resilstors R21, R22, and R23 of
Fig. 1l were changed from KS-16311,L2
to KS-16311, L1.

D.9 In CADe 6 and 7 notatlion was added
that strape may be put on either side
of terminal atrip.
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1 Page



CIRCULIT DESCRIPTION
TRANSMISSION SYSTEMS DEVELOPMENT OEPARTMENT

CD-952717 -1
Issue 6B
Dwg. Issue 11B

COMMON SYSTEMS
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MILLIWATT DISTRIBUTION CKT
USING 71 TYPE MILLIWATT REFERENCE
GENERATOR

SECTION I - GENERAL DESCRIPTION
1. GENERAL

1.1 This elrcuit covers the 71B portable
and 71A and 71C rack-mounted milliwatt
reference generators.  The latter include
the distributing circults for four milliwatt
outlets using the T1A and for fifty milli-
watt outlete using the 71C with assoclated
network panels. These are shown as follows:

Flgure 1 - The baslc generator ¢ircuit as
used in the T1lA rack-mounted
arrangement.,

Flgure 2 - A complete circuit of the 71B
portable version.

Figure U to 7 ~ 600 and 900-chm adjust-

able and nonadjustabvle
milliwatt distributing
networks.

Figure B - The basic¢ generator circuilt
a8 used in the 71C rack-
mounted arrangement,

1.2 The milliwatt generators are used to

provide a reference power for c¢alibrat-
ing portable test equipment, lncluding
transmisslon measuring sets, amplifler reo~
tifier detectors and meteérs with DB scales
based on one milliwatt. They are also used
for testlng volce channels of transmission
systems, trunks, lines, clrcults and
networks,

1.3 The 71A generator may supply testing

power to a maxlimum of five outlets
simultanecusly, The T1C generator may
supply testing power to a maximum of {ifty-
one outlets simultaneously. Each ocutlet ’
must always be terminated at the proper
impedance. The nominal output power from
each ocutlet is one milliwatt (0 dbm) in a
600-chm. or a 90C-ohm terminating resistance,
- The T1B generator has one 600-ohm and onhe
900-ohm outlet.

1.4 The rack-mounted generators are pow-
gred by the central office battery.

The portable unit is powered by a 45-volt

dry cell dattery of a heavy duby size,

This dry cell 1s packaged with the oscilla-

tor unit in a metal container.

Printed in U, S.A.

SECTION II - DETAILED DESCRIPTION

l. GENERAL

1.1 The eircults shown in Figures 1 and 2
{71A and 71B) are similar. Where no
dlfference exlsts, the clrcuilt of Figure 1
1s describved. Where différences exist, both
circulits are described., Desgsignations of
comporients 1n Figure 2 are higher by twenty
than the corresponding components in
Figure 1, Flgure 8 (71C) 1s described
separately.

2. S3PECIFIC
2.1 71K and 71B Operation

2,11 The transistor oscillator (Fig. 1 and
2)}. 18 of the Hartley type desligned to
operete wlth a nominal supply voltage of
approximately 45V. The frequency of oscil-
lation 1s determined by the tuned circult of
network {Z1) which is resonant at 1000 cps
*1%. Resistor {Ri) determines the amount

of feedback from the emitter of the transls-
tor to the LC network, The value of (Rl) is
chosen to obtaln that critisal amount of
feedback which permlts the peak AC base
voltage to equal the DC collector-to-base
voltage. When the base 1s at collector
pobential, limlting occurs, thus stablllzing
the osclllating amplitude. Capacitors {Cl
and C2) provide the necessary bypassing.

2.12 The amplitude of osc¢illation is di-

rectly dependent upon the DC voltage
applled between bage and collector of the
transistor. This DC voltage 1s regulsted
by diodes (CR1 and CR3) or(CR1, CR2 and
CR3) and 1s established at the correct
value by adjustment of potentiometer R6.'
One setting ls adequate for a supply volt-
age range of greater than iQV,; and should
be changed only when necessary on subse~
quent occasione, and then only when sults
ably accurate means of checking this poweér
of one milliwatt in 6QC ohms 1s avallabld,
Adjustment procedure is given in Chart 1,
BSP Section BY4D.376,01 (AT702.629.01)}. Re-~
slgtor (R4} serves to limit curvent through
the diodes, and (R3), through the transis+
tor. (R2) makes the oscillating amplitude
gelmost completely insensitive to battery
voltage changes,

Page 1
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2,13 600- and 900-chm output taps are Pro~

vided on the secondary of transformer
(T1). The impedance looking toward the
transformer 1s approximately 6 ohms for the
full winding, Because it 1is low, each out-
iet operates from nearly the open circuit
voltage of the transformerx.

2.2 T71¢C Operation

2.21 The osclllator circuit (Fig, 8) i3
basically of the Hartley configura-
tion designed to oEerabe with a nominal
supply voltage of 48V. The frequency of
oscillation 1s determined by the tuned ¢ir-
cult conslsting of network (21}, which 1s
rescnant at 1000 cps 2i1%. The T1C oscil-
lator differs from the standard Hartlsy con-
[lguration by the insertlon of resistor (Rl)
in the feedback path between the transilstor
emitter and the center tap of 'the tuned
‘network, Resistor (RL) limits the positive
feedback to a level which prevents the
collector diocde of the transistor from being
driven deeply into saturation., The value of
resistor (Rl) 1s chosen to limit the feed-
back to that level which Just permits the
peak AC bamse voltage to equal the DC collecs
tor-to-base voltage, Thus, when the base
1s at collector potential, limiting occurs
which stabllizes the oscilliating amplitude.
Capacitors (Cl and ¢2} provide the necessary
bypassing.

2.22 The amplitude of -osclllation is di-
rectly dependent upon the DC voltage
applied between the base and collector of
the transistor (Q1). This IC voltage 1is
regulated by diodes (CRl, CR2 and CR3).
(R5) varles the base-to-collector voltage
and provides a range of output level adjust-
ment of approximately 0.6 db. The Adjust-
ment procedure ie glven in Chart 1, BSP
Section EN0.377.01 (A702.630.01).

€.23 Temperature compensation 1s provided
by thernlstor (RT1). Reeligtor '
(R2: Limtts curresnt through the transis-
tor and resistor (R6) limits current
through diode (CR1). BResistor (R4) is part
of the voltage divider, consisting of (R3,
R4, R5, and RT1), which determines the tran-
sistor base-to-collector voltage. Realstor
(RT3), a 13 type Reslstance Lamp, limits
the current through éCRQ and GH35. Resls-
tors (Rl1l through R18) serve as an arti-
{1lclal load to maintaln the oscilletor load
at approximately 24 ohms (equivalent to 50
distributing networks). Thelr connections
are determined by the number of 600-chm
and/or 900-ohm outlets connected to the
oscillator and are outlined in Plgure 9.

2.24 The two secondary windings of trans-

former (T1) are paralleled to provide
a low impedance output. The impedance look-
ing towards the transformer is approximately
1.1% ohms.

Page 2

2.3 G@enerator Output Circuits

2.31 The 71A generator in Figure 1 is pro-

vided wilth one jack outlet on the
front panel. While the primary purpose of
this outlet 1s for calibration of the gen-
erator, it may also be used for routine
tests., It 4s bullt cut to 600 ohms with
(R10, R1l and R13), and terminated 1n 600
ohms by (R12), The 600-ohm terminating
reslstance, R12, 1s lifted off the outlet
Jack when the outlet is used.

2.32 The 71C generator in Figure B is pro-

vided with one jack outlet on the
front panel. Resistors (R7, RS and R9)
build cut the outlet impedance to provide
a 600-ohm maintenance outlet at Jack (J1).
Resistor (R10) 1s a 60C-ohm terminating
resistor which 18 connected when the test
outlet 1s not in use. While this cutlet
is primarily for callbration of the geners-
ator, it may nlso bé used as an additional
outlet for routine tests.

2.33 In the portable unit shown in Figure

2, the 600-ohm outlet 1s built out to
600-ohms by resistors (R30, and R31) and
terminated by a 600-ohm resistance, (R32),
Resistor (R33) 1s at the time of manufacture
connected acrogs elther the 600-ohm or the
900-ohm outlet whichever would have the
hlgher output so that when connected, both
will supply the same power. The 900-ohm
outlet is bullt out to 900-ohms by (R34 and
R35) and terminated by a 900-ohm resistance
(R36). These terminating reslstors are
disconnected by opening the contacets of the
Jacks when the cutlet is terminated by the
circult under test, The Jacks are sultable
for patching using a cord eguipped with a
310 plug or equivalent. Contacts on the
Jacks serve to turn on battery power when a
plug 1s inserted into elther the 600- or
900-ohm  jack.

2.34 No provision has been made for block-
ing DC from the generator. Separate
blocking arrangements should be provided
for the rack-mounted generators in offices
where DC voltages are present on the circults
to be tested. The T1B generstor will ndt be
damaged by 48 volts but such connections
should be avolded to insure accuracy of the
output level.

2.4 Distributing Networks

2.41 The dlstributing networks in Figures
4, 5, 6 and 7 are designed to bulld
out the output lmpedance of the 71A and
71C generators to 600 and 900 ohms. The
network in Plgures 6 and 7 1s adjustable,
providing a means of reducing the amount of
resistance between the generator and the
outlet to compensate for central office
wiring and equipment loss. The distributing
network in Flgures 4 and 5 is not adjustable
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and may be used where the combined office
wirlng and equipment loss ig less than
0.03 db,

2,42 Both the adjustable and nonadjustable
“distributing netuworks are used for

600~ and 90C-chm circuits. Figures 4 and 6
show the networks as used in 9C0-ohm appli-
cations. For 600-ohm applications, termi-
nals 3, 5 and 13, and terminals 4, 6 and 14
on the nonadjustable network are strapped
as shown in Figure 5. The adjustable net-
work 18 converted for 600-chm applications
by strapping terminals 3 and 5 and terminals
4 and 6 as shown in Pigure 7, option D.

2.43 Adjustment of the distriduting net-

work 1n Pigures 6 and 7 to compensate
for wiring and equipment loss is made by
strapping out specific valuves of resistance
in the network which corresponds to changes
of 0.02 @b in 900-ohm outlets and 0.03 db
in 600-ohm outlets. The range of adjustment
is approximately Q.3 db in 900~-chm outlets
and 0.45 db in 600-chm outlets. 'The pro-
cedure for adjusting this distridbuting net-
work, and the output power at individual
cutlets is gilven in BSP Section E30.223.13
(A204.474.13).

: 4

2.44 A test power level of 0.5 dbm can be
obtalned from the output of the ad-
Justable distributing network (Figure 6 or
7) by connecting to the network resistors
ghown in Figures 10 and 1). Resistors
(R19 and R20) of Figure 10 are connected to
the adjustable distributing network in
Figure 6 (and also to Figure 7 when Figure 7
is used for 900 ohms) to obtain 0.5 dbm from
the network into 900-ohme, Resistors (R21,
R22 and R23) of Figure 11 are connected to
the network in Figure 7 (when Figure 7 is
strapped for 600 ohms) to obtain 0.5 dbm
from the network into 600 ohms. In such
applicationsa; the impedance of the 0.5 dbm
outiet as seen from the termination is
decreased from 900 to 795 ochms, and from
600 to 535 ohms.,

SECTION III - REFERENCE DATA
1. WORKING LIMITS
1.1 Output

1.11 The TlA generator 1s capable of sup-
plying one milliwatt to a maximum of
five outlets. In additlion to the 600~-chm
Jack appearance on the oacillator unit,
four outlets are arranged in various combin-
ations for 600- and 900-chm connections to
remote polnts of test. The output is
avallable centinuously since no switch is
provided,

1.12 The portable (71B) generator has a
600~ and 900-chm Jack for a 310 plug.

1.13 Toe T1C generator is capable of sup~

Plying one milliwatt to & m&xlmum of
fifcy-one outlets. In addition to ‘tne
600-ohm Jack outlet on tne oscillator unit,
up to fifty outleis may be arranged 1in
various combinations for 600- and 900-onm
connections Lo remote testing points, The
output ie avallable continuouely since no
8witech 18 provided.

1.2 Supply Voltage

1.21 The T1A and 71C-oscillator operate
satisfactorily within the normal range
of tne office battery, from 45 to 52 volta.

1.22 Tne supply voltage for the 71B port=-

able oscillator 18 provided by a 45
volt dry cell battery. Jacks labelled
(BAT TEST 35V DC MIN) ape provided on the
g8lde of the case. for checking the battery
under load,

1.3 Current Drain

1.31 Current drain from 48-volt suppliy by

the 71A office oscillator: 23 ma. at
48 volis.

1.32 Current drain from the battery by the
71B portable oscillator: 21 ma. at
45 volts. o

1.33 Current drain from U8-volt supply by

the T1C office oscillator: 80 ma.
(t 10 ma.) at 48 volts.
2. FUNCTIONS

2.1 Tne 71 Type milliwatt reference genera
ators provide sine wave 1000-gycle
output of O dbm for transmission tests.

2.2 Tne 71A provides up to four outlets at
either €00 or 900 ohms and operates
from central office battery.

2.3 Tnhe T71B provides a 600~ and a 900-ohm
output including a switch for turning

off the battery supply and pin Jacks for

test access to the dry ocell bvattery voltage.

2.4 The 71C provides up to fifty outlets
at elther 600 or 900 ohms and operates
from central office battery.

3.  CONNECTING CIRCUITS

3.01 Transmission test line circult =
SD=98100-01, Crossbar, Manual, Panel,

Step=-by~Step or Toll Offices.

3.02 Sending Jack Ckte. - SD-95101<01.

3.03 3ending Pad Ukts, « SD«95147«01.

3.04 Transmission Meisuring Circuita =

8D=59432-01,

Page 3
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3.0% Noise Measuriiyg Ckt. - SDe59433-01,

3.06 Miscellaneous Jack Ckte,

3.07 Tesu Line Clrcuilt for Toll-Switeching
System No, 4, UM or UA - SD-58095.01,

3.03 Transmisslon Measuring and Noilse
Cnecking Ckt. « 8D-y%6uyd-01.

3.9y Auvomatilc Transmission Test and
Control Ckt., - SD-68445-01,

3.1V rHepeater Measuring Circuit (V1 + V3) =
8D-4y5162-~01. )

3.11 1000 ops Outlets, Rec Jacxs & Control -
SD-y5162«02.

3.12 Testing and Monitoring Circuilt
(Signalling) SD«yb514-01.

3.13 Malntenance Clrcuits (TASI) -
S3D-59y72-01. _

3.14 Announcement Systems - 3D-G5608-01,
and SD-6344%5-01, .

3.15 Transmlssion and Noise Measuring Okt.
(Testboards) - SD=-y5900-01.

3.1& N2 Carrier Telepnone Application
Schem. SD-y7118=01.

3.17 Jack Ckt., Toll Test Unit No. 5A.

4. CONNECIING LNFORMATION

k.1 Tue cnoice of optioual outlet arrange-
ments for tne T1A depends upon the
connecting clroulss. Distributing networks
are snown on tnis drawing for all applica-
vlouns, Four networks are normally provided

ou tne panel wita tue geaerator unit.

4.2 The caolee of optional sutlet arrange-
ments for ine 7T1C depends upowu the
connecting clrouits. Distributing networks
are shown on. tihls drawing for all appllica-
tions. Tre networks are normally provided

la groups of five, witu one or two such
LPoups mounted on a separate panel. All
netvworks on any one panel normally have the
same impedance. A maximum of fifty networks
may be :provided wita the 71C generator.

The network panels used with 71C are desig-
naved (1D and T1E,

b.3 "The connecting eircults should provide

terminations for the milliwatt distri-
butlng clrculi elcher by the clrecult under
test or by a resistor at all times, except
the poesible momentary interval of the
plugging-in at a Jack.

k.4 The connecting circuits should be bal-
anced wltn respect to ground and
should provide a reasonable close matcéhing
lmpedance at 1000 cycles. Transformers or
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blocking capacitors should be used when tne
connecting circult applies dc on the tip
and ring in excess of 100 microamperes.

5. SYSTEM CONSIDERATIONS
(ENGINEERING GUIDKS)

5.01 A gulde for restricting the size of
milliwatt systems to specific areas,
in order to enhance administration thereof,
and thereby to provide adequate atability
of testlng power, is outlined below. Appli-.
cation of the guide is not intended to be
rigid but rather to indicate intent. Excep=
tiong to 1t may be practicable in individual
cases, particulariy where good administra-
tion of the milliwatt system can be attalned
In general, 1t 1s desirable that the aresas
indicated below have exclusive use of &
milliwatt system.

(a) Toll Testboard Area, lncluding:
(1) Toll teatboard
(2) Circuit patching bay

(3) ATTC and associated test frame (if
under the direct control of the
plant organization responsible for the

system serving the toll teatboard)

{4) Equipment bays, including echo
suppressors and: signalling units
(1f under the direct control of the
plant organizatiocn responsible for the
system serving the toll testboard)

(b) Switching Area, including:
(1) Dialable milliwatt test lines

(2) Code 10U test lines and their
equivalents :

(3) Manual and automatic test frames
{1f under the diréct oontrol of
switching equipment personnel)

{c) Manual Switchboards

(d) Voice-frequency patening bays within

a well defined area. (Where Beveral
groups of patchling baye are widely 8epapr-
ated 1n the office, or if they are under
the control of two or more plant organiza-
tione, each group of bays would have its
own supply).

(e) cCarrier equipment area. (If volce-
frequency patching bays are located
within or adjacent to these areas, they
may use a common supply with the equip-
ment area. In any case, nowever, the
outlets from any one source Bhould be
restricted to a well defined area.

(£) Private line teBtboard, if not under
. the dlrect control of the toll test-
board area



