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COMMON SYSTEMS
TRANSMISSION MEASURING
e4p LOOF CHECKER GENERATOR

SECTION I - GENERAL DESCRIPTION

1. OENEFAL FEATURES

1.01 Thla set provides a swept freguency

aignael from 1000 o 3000 cpa For the
testing of a subscriber's loop to determine
1ts adherence to the deaign rulea, Thia
Set ls ordinarily used with the 244 Loop
Checker.

1.02 The clrcult ia dasigned so that the

awept [requency algnal uaed for the
measurement La frequency welghted. That 1a,
the output power va. frequency i3 not con-
stent but has a predetermined shape. Thia
shape eliminates the necessity of knowing
what requirements ame placed upon the losa
va, freguency characteristic of =z subscrib-
er's loop.

1.03 The 248 Loop Checker Generator is
ardinarlly located at the central
office.

1.04 The output of the set 1s made avail-
able by use of a astandard code dlaled
by the operator of the 244 Loop Checker.
In order to facllitate this specific test
line circuits are necesgary, Distributing
clreults provide proper termination and
connect the output of the 248 Loop Checher
fenerator to the teat line clreults, Aa
many as 10 outputs can be provided. See
Plg. 2 and Flg. 101. f

1,05 The set 13 completely automatic and
requires only minor pericdic teating
and malntensnce.

SECTION IT - DETAILED DESCHIPTION

1. GENERAL

1.01 The 24B Loop Checker Generator may be
divided into Sen (10 distinct cir-
culta (see PFig. 1): Plxed cecillatar,
Swept osclllator, Sweep contrel, Modulator
drive, Modulator, Flat output, Frequency
checking, Shaplng, Output smplifier, and
D€ regulatlon. Each of these clrcults 1s
descrived below. | :

1,02 With she (FREJ CHK) switch (S1) 1in
the (OPH) positlion, the operatlon aof
the clreuit 18 as [ollows:

(1) The sweep coptrol clreult pro-
vides & signal whilch wvaries the

frequency of the swept osclllator suech

that 1t changea from 27 ta 2% ko In

about 6 seconda. The [reguency then
gweeps back to 27 ke in about 0.4
seconda, and the cyele repeats.

{2) This swept frequency slgnal

passes through the modulator drive
amplifier to the modulator where the
signal [rom the filxed oscillator is
mixed with 1t. The aum and difference
or the f'requencies of theae btwo signala
appear 1n the signal at the output of
the modulator. :

{3} The shaping network with (52) im

the {OFR) position selects the
difference Crequency (1 to 5 kc) and
intreoduces freguency welghling to the
slgnal. The level of the ajignal at
the output of the shaping network
depends upen its freguernsy.

(4) The =ignal is then amplified by

the output amplifier making g
wWwelghted ewept frequency tone avall=-
able at the (GEN OUT CAL) Jack (J1)
and at the distributicn clrcuik.

{5) After the diffepence Crequency

nas been selected [szee (3) abovel],
part of the aignal 1s connected to the
flat output circult to give an
unwelighted swept frecuency tone at the
{PLAT OUT CAL) Jack (J2).

1.03 With the (FREQ CHK) awiteh (31) in

the (3000w} position, the clrcuit is
set up to check whether or not the upper
frequency of the 1 to 4 swept tone is
indeed 3 ko. The clreult operatea as
follows:

{1) The sweep contrel ecilrcult provides

a slgnal which stops the [requency
of the swept oacillator at lts lowaat
frequency.

{2} The signals from the swept

oselllator and the [ixed :
gaclllateor are beat together 1ln the
madulater,

(3) The shaping network selecta the
difference [requency {uhich is
hypothetically 3 ko).

{4) Thila aignal 13 then amplified by
the flat output clreult.

{5) The cutput of the flat outpukt
clreult 13 connected to the
frequency checking clrcult.

Frinted 1n U.5.A. Page 1
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(G) The frequency checking circult 1a
cornected So the (FLAT OUT CalL)
Jack (J2) wnere a high impedance volb-
meter 1s externally connected. IU a
minicum ogcura in the cutput algnal
when the variable reslstor (RB2) 1a
changed to 1lta extremes, then the
upper frequency of the cutput signal
‘18 withlin 50 cyeles of 3 ke.
1.04 With the (FEEG CHK) awiszech (51) 1n
the {1000~) position, the clrcult is
set up Lo check whether or not the lower
frequency of the 1 to 3 ko swept Lone 1o
indeed 1 ke. The eircuit operates in the
same manper as that described ln 1.03 of
this section except that the sweep control
circuit stops the [requency of the aweph
psclllator at L1ts highesat frequency. Thls
check assures that the mlinimum freguency of
the output signal is wisnln 130 cyeles of
1 ke.

2. SPFECIFIC

2,01 Sweep Control Cliroult

£.011 The sweep gantrol circulb, wilth the
(FRER CHK) switch (31) in the (OFR)
positlon, 1s a free rannlng maltivibrator
of a rather upuawal variety. The heart af
the circult 18 the PHEN dicde [CR1G).
0,012 Suppoze that a battery has Just been
connected to terminal K26 Ln the
cuean eonkrol circuilt (see Flg. 1). The
largs capacltor (C4U) slowly charges tarough
(R70), 'The disde (CR16) 1s in 1ts high
impedance state, and, therelfore, the

voltage Across it 1e the same asz that on

the eapacitor (CHO).

2,013 When the voltage on the capacitor
{C40) and on the diode (CRLD) reaches
a critieal polnt called the "brealover volt-
aee" or the Morward breakdown voltage,"
he dicde {CRLB) swiltches te 1tz low im-
pedance state. This causes the capacisor
1Gh0) wo bepln discharglnig Lhrowgh Che
resistor (H73) and the dieds (CR1B). ‘The
discharge path is of relatively low resist-
ance. Hence the discharge time of the
capacitor (CBC) 1s much shorter than the
charglng time.

1
eda

2.014 A portion of this changing volsage
acToss the capacltor (C40) 13 con-
neeted to the "voltage sensitive capacltor"
adtode (CAL5)} through the isclating resisteor
(ATC). The porticon of that voltage which
appears at the dicde (CR13) is determined
by the (FEE4Q ADJ 1) variable resistor (H7Z).
The resistors (RE5, RSG, REE) limit the
variation of the portlon of this changing
voltage that can be supplled to the dlode
(CH15). The X, ¥ option is selected 1in
the fackory.

2.015 The sverage value of the voltage

across the "voltage sensltlve capac-
iwor" diode [CR1S) ia sdjusted by Ghe

Fage 2

(FREQ ADJ 2) variable resister (RAT1).

Capacitor [G39)la a bypass %o ground. The

reglasor (RET) limlts the amount ol varlia- .
tion ol bthis average voltage acrosa (CR15). —

2,016 The diode (CRL5) 18 connected across
the tank circult of the zwept
frequency oscillator. This diode ?GR15} is
the device which, by changling the capacltive

tuning of the sank circult, causes the
frequency to changa.

2.02 Swept Preguency Osclllator

2,021 The swept [requency orclllator 1s

baslcally of the Colpltir's varlety.

The tark clrcult determines 1ta frequency

ol sscillation and conaists of the inductor (
(L&), the capacitors (Cl5 and C1T), and the

dicde (CR15). The setting of the lnductor

[L6) isla factory adjustmenk. i N

2.022 The resistor (R453) provides coupling
between the taunk circult and the
emitter of the tranasistor (QB).

2.02% The resistor (R40, R42, R44, and
R45) provide proper blasing to the

transistor (46). e

2.020 The dicdes (CRT and CRH) along with

the reslstor (R41) controls the “77

amplitufde of cacillation of the oselllator.

The capheitor [C15) bypasses the reslstor

(R42), snd the capacltor {C38) blocke the

blasing current {rom passing through the

diode ?cnlaj. —

2.03 Mndulator Driwve

2,041 The modulator drive amplifier acts
ps a buffer between the swapt
ceeillator and the modulator. It also
serves to adjust the level of the swept
freyuency slgnzl to the proper value for
food modulator performance.
2.0352 The tranaistor (QF7) is blased by the
resistore (R46, R4T, and RuB). It
1s directly coupled to the swept osclllator
and provides a high inpus impedance.
£.033 The capacltor (C1Y9) bypasses the
resistor (R4B), and the capacitor P
C?0) souples the output from the translstor :
$Q?J ta| the next stage.

2.03% The resistors (R4Y9, 050, RSL, RS2,
and A53) provide blasing to
transistor (gB). The capacitor {C21) is
a "bootstrap" or feedback path which makea
the reslstor (R49) appear to be 8 high
value, (

2.035 The swept [reguency signal is e
goupled to the modulator by the !

capacltor (C22) and the transformer (T2).

The magnitude of the aslgnal is determined

by the setting of the variable reaslator

(F52). The capaeitor (C23) is a bypass to

ground. —
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2.04 Modulator

2.041 The modulator is a simple dicde
bridge modulator made up of 4 diodea
(cR2, CR3, CRY4, and CR5).

2.042 The output of the modulator appears
between the polnt B35 and ground.

2.05% Flxed Qscillator i

2.051 The fixed oscillator 1s baslcally of
the Colpltt'a varlety. The tank

clrcult determines the frequency of oscll=-

lation and consists of the inductor (L1)

and the capmcitors (Cl and C2). The setting

of the inductor (Ll)is a factory adjustment.

2.052 The resistor (R2) provides coupling
between the tank cireult and the
emitter of the tranailster (Ql).
The resistors

2.053
the dicde (CRL
to the transistor (Gl

prov%ﬁe proper blaa

2.054 The diode (CRL) limlte the amplitude
of oscillationa of the cacillator.
2.055 The (FLAT GAIN) variable reaistor

(R4) determines the amplitude of the
the elgnal at the cutput of the modulator
depends upon the magnltude of the flxed
osclllator signal. Therefore, the (FLAT
GAIN) wariable reslator {R#% détermines tha

level of the sigrhal at the (FLAT OUT CAL)
Jack (J2). :
2,056 The capacltor (C3) couples the fixed

oaclllator aslgnal at the (FLAT GAIN)
varlable reaasistor (A4) to the translator
(42) which acts as a buffer amplifier and
provides the proper impedénce to the
modulator, B

vide blasing to the transistor
The resilstor (AS) determinés thé output
impedance of thls stage, and the eapacitor
{C4) couples the fixed oscillator signal to
the modulator, e

2,057 The reslstors {(HS; A6, and R7) Trﬂi
as

2.06 Shaping Network

2,061 The shaplng network 1s a bridged-tee
f1ltér preceded by a low pass
L=aection filter,

2.062 The low pasas filtar dselecta the
difference frequency between the

gwept and Cixed odcillators at the output of

the modulatér. It is made up of the induc-

tora (L2 and L3} and the capacitor (05):

The inductora (L2 and L3) are set as a

factory adjuatment.

2.063 The bridged-tee metwork is made up
of inductors (LY and L5), capacitors

<R By

(c6 mnd CT), and resintors (RD, ALO, R11,
and F1l2). The components were chosen by
computation to give the desired {reguency
welghting to the 1 to 3 ke swept algnal.

2,064 The capacltor (CB) couples the
welghted swept signal to the cutput
amplifier.

2.065 With the awitch (S2) in the (LEV GHK;
poaition, the resistors (R32 and R33

introduce a fixed loas and replace the

bridged-tee network for test purpoaess.

2.97 Output Amplifler

2:071L The oubtput amplifier provides proper

terminatlon to the shaplng network;
it provides gain for the shaped, Crequency
swept slgnal and 1t provides a very low
cutput impedance at the laat stage.

2,072 The resistors (R13, R14, R15, R16,

and R17) provide blasing to the
firat transistor (Q3). The lpput impedance
to the amplifier la determlined by the
reaistora (A13 and R14)}, The galn of the
firat stage is determlined by the resiatora
(F15 apd R16), The eapacitor (CY) bypasses
the resistor (R17). The capacitor (ClO)
couples the output of transister (Q3) to
transistor (Gb).

2.073 The reaisters (R18, RL9, R20, R21,

_ R22, and R23) provide bimsing to the
decdnd transiastor (Q4). The gain of thia
stage depends upon the setting of the (QUT
GAIN) variable reslstor (R22). The capac-
ttor (Cll) 1s & bypmas to ground,

2.07% The transistor (G5) is directly
coupled to the transistor (Q4). The
bias durrent in thils stage is determined by
resistor (R24). Sidce this is & common
emlttér stoge, the output lmpedance 1sa
quite low.
]
2,075 The capacitor (Cl2) couples the
oubput of the amplifier to the out-
put transformer (T1).

2,076 The resistora (R25, Re6, RA27, and
R2B) following the output trana-
former (T1) are connected sccording to

circuit Note 104.

2.077 'The resistors (R29 and F30) are used

to build out the impedance to the
proper value. The resistor (R31) 1= a
dummy load whieh is removed when the (GEN
OUT CAI) output Jack (J1) 1s in use.

2.078 Also connected across the ocutput

are the distributing clrcuita as
explalned ln paragraph 1.04 of Section L
and illuatrated in PFlg. 1Cl.

2.08 PFlat Qutput Amplifier

Fage 3
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2.931 The flat output ampllifler ls

coupled to the output of the low
pasa [ilter aectlon of the shaplng network
{see2 2.061 of this seetion) through
capacitor (C24).

2.082 The resistors (RS54, R55, R56, and

F57) provide biasing to the trans-
istor [éﬁj. The capacitor (025) 1s a bypass
for (R50).

2.083 The diode (CRS) 13 used to prevent

excesslive currents 1o the emltter
of the transistor (Q9) when the outputs 13
shorted,

2.C84% The resistars (RS& and RS57} supply
de current to the (FLAT OUT CAL
Jack (J2).

2,085 The capacitor (C26) is a bypeas for
the =22 volt power supply.

2.09 DO Regulation

2.09L The de regulater la made up of the
three resistors (BOO, HG1, and R59),

the capacitor (C28), and the six dlodes

(CRY, CR10, CR1l, CR12, CRl3, and CRLL).

2.092 The actlon of the two dlodes (CRI

and CR10) is the same. There are
twe only to split the load on them, Each
of them breaka down at about 22 volta and
the resiators (B50 and R61) limit the
current torough them.

2,093 The capacitor (C28) 1s used to by=
pass the office battery.

2.094% The resistor (R69) limlts the
current through the four serles
diodes (CRl1l, CRl2, CRl3, and CHL4).

2.095 Tha four regulator dledes (CRLL,

CR12, CR13, and CRL4) provide a
temperature stable wvoltage for blasing
the diode (CR15).

2.10 Frequency Cheeking [{3000+) Position
of ?FHE;Q CELK ) {sﬁ].

2.101 All of the above dlscusslon has
asaumed that the [FPREQ CHK) switch
(31) was in the (OPR) positicon. In this
poslition, the flat cutput amplifier is
connected to the (FLAT QUT CAL) Jack (J2).
All other clreultry in the Crequency
checking assembly 13 dlsconnected.

2.102 When the (FOEQ CHK) switeh (31) 1is

turned to the (3000~) position the
sweap control elrcult, the Creguency cheeck
c¢lrcult, and the rlat cutput clroult are
all affected. Thile wae described in
paragraph 1.03 of this section.

2.103 In the sweep circult the (3 KC CHE
ADJ} variable realstor (HIS) 1o

connected to the regulated 22 volts and

replaces the reaistor (ATH). The

Page 4
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resiator [(A7S) is adJusted so as to put
a vultaﬁe Juat below the "breakover
voltage" on the diode (CR16) (sec 2.013]).
This seta the [requeney of the variable
oscillator to Lts lowest value,

2,104 The output of the flat amplifier
fa zonnected to the input of the
frequency checking eireuit. '

2,105 With the (FAEQ CHK) switch (S1)
in this positicn, the f[requency
ghecking cireult 1z made up of a voltage
dividaer conalacing of the reslatoras
{RB1, RH2, A83, and RE4) and a twin-tee
network made up of resisters (AT7, R7HE,
uﬁ%}ﬁ??} and capacltora (CUl, C42, and
C .

2,106 The twipn-tees network 1s designed
to produce a minimum 1n 4its out-

put for a glven frequency of the inpub

signal. However, the [requency at whilch

this minimum cccurs can be changed

by the setting of the variable resistcr

(RB2).

2,107 The %HREG CEK) variable resistor

{AB82) and the rasistors (RS1, RB3,
and F84) comnected to it are chosen such
that the minlimum output of the twin-tee
network lies between 3050 and 2950 cpa
depending upon the aetting of varlable
resiztor (RB2).

2,108 ThE.Gutput of the twin-tee network
is connected to the (FLAT OUT CAL)
Jack (J2).

2.10% HNow, if the signal at the lnput

ta the frequency checkirg clircult
is between 2950 and 3050 then a minlnum
wiil oeccur in the signal at the (FLAT CUT
CaL) Jjack (J2) at some position of the
variable resistor (RH2).

2.11 Freguéncy Checkling [(100C~) Posltlon
af (51)].

2,111 1In this position of the (FREQ CHE)
awitch {31)., The (1 KC CHK ADJ)
variable resistor (A74%) in the sweep
control eircult is connected to the regu=-
lated 22 volts and replaces the resistor
(AT2). The resiator (ET4) is factory
adjusted so0 as to put that current through
the FNEN dicde (CR1G) which Jjust holds it
in 1ts "on" or low impedance state (ase
2,013). Thila sets the frequency ol the
variable cecillator to ita higheat
value.,

2.112 The ocutput of the flat amplifier is
again connected to the lnput of the
frequency cheeking circuit,

2.113 The voltage divider portion of the

frequency checking circulit conslats
of resistors (RS0, RB2, RB3, and REBS).
Note thet (ROO and HBES have replaced (RB1
and RS4) from paragraph 2.105.
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2.114 The variable reaistor {Rﬂzg and the

reslstors (R8O, RE3, and R85) are
choaen such that the minlmum output of the
twin-tee networlt now Llea between 9490 and
1150 cps.

2.115 The oukput of the twin-tee networl
is connected to the (FLAT OUT CAL)
Jack (J2).

2.116 MWow, 1if the signal st the iaput te

the (requency checking clroult 1s
between 930 and 1150 eps then a minirmum
wlll aecur in the aignal at the [FLAT QUT
CAL) Jack (J2) at some poaltlon of vari-
able resister (REB2).

3. OFERATION
3.1 Warm-up

Ho warm-up time 18 reguired,
3.2 Calibration

3.21 Both level and frequency must be

initlally adjusted and periodically
cheeked. In order %o do this a 00 ohm
measuring set is regquired,

3.22 With (51) and (52) =et in the (OPR)

posltlon the 900 ohm measuring aet i1s
connected to the (FLAT OUT CAL)} Jack (J2)
for the initial adjustment.

3.23 The (FLAT GAIN)} variable resistor
(R4) 1s adjusted for the propesr
indicatlon on the 900 chm measuring set.

3.24 How the 900 ohm measuring set Ls
(1) eonnected to the (GEN COUT CAL) Jack
Jl). )

3.25 The callbration and checking pro-
cedure ls as followa;

{1) Set the (FREQ CHX) switch (31)
to the (3000~) position. .

{2) Set the awitch (52) to the (LEV
CHE) poaition,

{3) Adjust the (OUT GAIN) wvariable

reslstor (R22) for the proper
indication on the S00 ohm measuring
get.

(k) 3et the (FAEQ CHK) switch (31)
to the (1000~) posltion and
release the (LEV CHK? awlteh (32).

{5) The 900 chm measuring set shall
indicate a prescribed pawer.

() Set the (FREQ CHK) awiteh (S1) to
the (3000~) poaltion, Slowly turn

Lhe potentiometer (FA75) until the

900 ohm measuring ast lndleates n

maximum. Thilis maximum shall be pre-

seribed power.

{T) 3set the SFREQ CHE) switeh (31) te
the (OPR) pomition, Operate the
(LEV CHK) switch and observe the read-
irg of the 900 ohm measuring set. Thia
reading shall remain relatlvely constant

SECTION IIX - REFERENCE DATA

1. WORKING LIMITS

1.1 The 24B Loop Checker Generator haa

been deslgned to opernte between 40°
and 110°F and between 45 and 52 valta
office battery,

2. FUNCTIONS

2.1 Provides up to ten (10) outputs plus
an output Jack with a frequency

welghted swept tone between 1000 and 3000

cycles per second,

2.2 Provides clrcuits for checking and ad-
Justing the upper and lower frequenclea,

2.3 Provides circults for checking and
adjusting level of the output,

2.4 Provides an unwelghted swept tone
batween 1000 and 3000 eyocles per

second to an cutput Jack. :

2.5 FProvlides the unwelighted bone to
termipals for a bridging distribution

amplifier.

3. CONNECTING CIRCUITS

3.1 Teat Line Ckt. - SD-58100-01

SECTION IV - CHANGES

B. CGCHANGES IN APPARATUS

B.1 Superassdad Superaeded by

1-Rea (R57) l1-Re= (B5T)
KS=-13490, 11 KS-14603, L1A
1150 0 454 1y

1-Res (R55)
Ks-13493, L1
30,000 0

1-Dicde (CRI) 1-Diode (CRG)
Log M IN 1430

Page 5
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B.2 Added (Optional)

l-Res (RG5)
KS-13490, L1
0,39 Mag

0. DESCRIPTLION OF CIRCUIT CHANGES

D,1 Options "E and F" were added to cover
B.l above. "E" option only was pre-
vioualy shown and not rated "Mfr, Disc,"

BELL TELEFHONE LABORATCRIES, INCORPORATED

DEPT. 213?~§gﬁ~aca-33

Pagae 6
6 Pages

D.2 Optiona "A and B" were added to

covar B.2 above. "A" option only
Wwag previoualy ahown and not rated "MIr.
Diso."

D.3 HNote 302 waa added,
D.4 The designations of the (J1) and (J2)

Jackas were changed to agree with
aquipment information.
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CHANGES
B. CHANGES IN APPARATUS

B,1 Superseded Superaeded by

1 - Res (R65) 1 - Ges (A55)
K3-13490 1 ¥5=-13490 11
0.39 MEG Q.13 MEQ

1 - Res (R6B) 1 - Res (RSB)
K5-13400 L1 H5-13490 L1
Q.22 MEG 0.13 uEg

EELL TELEPHONE LABORATORIES, INCORPORATED

DEPT. 2194-RCH-BCB-AN

Printed in U.3,A.

D. DESCHIPTION OF CIRCUIT CHANGES

D.1 "0" optlen was added to cover the
value of resistance for (R65) above.
"B" optlon was rated "Mfpr. Dige,"

D.2 "H and J" options were added to cover
the (Red) above. "H" option only was
previously shown and not rated "Mfr, Disc,"

D.3 "0" eption was added to the (CRY)
dlode to reflect change made in othep
"B" gption, .

All other headings, Mo change.
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