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1. GENERAL 

1.01 This section describes the electrical 
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characteristics and transmission perform­
ance of the 500 and 501 A, B, J and K series of 
combined telephone sets. It includes discus­
sion of crosstalk and sidetone considerations 
and of the effects of longitudinal noise and 
set unbalances. 

1.02 The 500 and 501 A and B series sets con-
tain the 311A_equalizer which for service 

and economy reasons was omitted from the J and 
K series sets. The omission of the equalizer 
alters the transmission characteristics of the 
sets and imposes certain limitations upon their 
fields of use. These effects are discussed in 
this section. 

2. FIELD OF USE 

2.01 The 500 series sets were de$igned to pro-
vide substantial volume improvement on 

long loops and. at thP, same time to be appli­
cable on very short loops without introducing 
crosstalk and sidetone problems. With proper 
loop loading they will provide satisfactory 
transmission out to the loop resistance limit 
of all common battery signaling offices. The 
use of long line equipment will permit exten­
sion of the loop to a resistance at which the 
particular type of equipment will provide a 
minimum loop current of 23 ma. With common]y 
used types this may be as much as 1800 ohms. 
Beyond these limits local battery t al.king sets 
are required. Development of long line equip­
ment with higher voltage battery supply than 

the present 48 volts may eventually permit uni 
versal use of 500 series sets on all common 
battery signaling loops.._ 

2.02 In the J and K series sets the lack of 
equalizers permits full transmitter and 

receiver gains regardless of loop resistance, 
except that on short loops there is some re~uc­
tion due to direct current saturation of the 
induction coil primary. By limiting the field 
of use of these sets to loops with a resistance 
of 400 ohms.or more, the introduction of cross­
t~.lk and excessive sidetone problems is mini­
mized. The choice of 400 ohms as the minimum 
loop resistance was suggested by the reasons 
that (1) it represents the value, with 48-volt 
toll grade battery supply, at which the trans­
mitting output of the unequalized 500-type set 
is approximately equal to that of a 302 set on 
a very short loop and (2) it offers a reason­
able compromise between excessive sidetone and 
a field of use too restricted for practical 
application. 

3. CIRCUIT DESCRIPTION 

3.Dl Fig. 1 shows the circuit schematic of the 
500B set which includes dial and equal­

izer. The manual set, designated 500A, is 
equipped.with an apparatus blank in place of 
the dial. The J and K sets, otherwise iden­
tical to the A and B sets, respectively, have 
a terminal block in place of the equalizer. 
These sets are adaptable for all individual, 
2-party and divided code ringing services by 
changes in the set connections, thus eliminat­
ing the requirement for separate types with ad­
ditional codes. Details of 500 series set con­
nections for the different classes of service 
are to be found in the C32 sections of the 
practices. 

3.02 The 501 series sets were designed for 4-
party full selective and 8-party semi­

selective ringing lines. With the exception of 
the ringer, which is ·coded C3A and the addition 
of a 426A cold cathode vacuum tube, the 501 · -
series are identical to the 500 series sets. 
Fig. 2 is the circuit-diagram of the 50lB set. 
As described in the AB63 sections of the prac­
tices, the 501 series sets may be used at 2-
party flat rate and divided code ringing sta­
tions to provide mitigation in cases of high 
inductive noise. 

Copyright, 1952, by American Telephone and Telegraph Company 
Printed in U.S. A. page l 



SECTION AB22.066.2 

VAR.z 

r+"'":, .. ,, 1 
,! l&~ ~ 
l-- 00

----~-i: __ .1 d f . I 0----1. -u1 F 02MF. K 0.4MF. A, 
rJ IL TER ~ · 

1 
0.IMF. SIDE TONE BAL. IMP. 

~L l 
VAR.f I 

'--: ,i---17) B 

-DC PATH 
-AC PATH 

Fig. 1 - Circuit Schematic of 500B Set 
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Fig. 2 - Circuit Diagram of 501B Set 

3.03 The transmission network in the 500 and 
501 A, B, J and K series sets is coded 

the 425A network and is illustrated in Fig. 3. 
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It includes an induction coil , a 2 mf talking 
capacitor, a 3-~lement sidetone balancing net­
work, a o.4 mf ringing capacitor and a dial 
filter consisting of a 0.1 mf capacitor and a 
50- ohm resistor. The sidetone balancing net ­
work contains an autotransformer which provides 
inductance and , through the use of a short-cir­
cuited winding, resistance in the balancing 
circuit. The autotransformer also serves to 
couple the other two elements , a resistor and a 
capacitor, to this circuit at the correct im­
pedance level . Provision of a split primary 
winding in the induction coil and the arrange­
ment of the switch contacts permits conversion 
in the field for individual service and for the 
varjous party - line services by simple changes 
of the ringer connections. The dial filter 
serves the dual purpose of providing dial con­
tact protection as well as suppression of radio 
frequency induction . 

Fig. 3 - 425A Network with Cover Removed 

3.04 The 311A equalizer illustrated in Fig. 4 
consists of a tungsten filament wi:th a 

thermistor bead in proximity, both enclosed in 
a glass envelope, and a silicon carbide varis­
tor bridged across the filament to protect it 
from excessive current. These components are 
mounted on a molded-plastic terminal strip 
which serves as the cover of a protective can 
permanently mounted on the base of the set. As 
shown in Fig. l the filament is in series with 
the transmitter, and the thermistor bead in 
series with a loss limiting resistor shunts the 
receiver. The loss characteristic of the 
equalizer is controlled entire],Y by the d-c 
line current through the set. The tungsten 
filament has a rising resistance-current char­
GcGeristic and inserts a combined battery sup­
ply and a-c transmitting loss which is smalJ. at 
27 ma or less and rises to about 5 db at 75 ma 
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or more . The thermistor bead is heated by the 
filament and because of its inverse temperature 
characteristic introduces a corre~ponding re­
ceiving loss that tracks cl osely with the 
transmitting loss . 

Fig. 4 - 3llA Equalizer 

4 . TRANSMISSION PERFORMANCE 

' _,, 

4 . 01 The transmission performance of the 500 
series sets has been rated with reference 

to the 302 set (FlA- AST) rather than by direct 
comparison with the working reference system. 
The ~ransmission comparisons of the two sets 
are based on speech volume alone. The reason 
fnr c0mparing them solely on a ,rol ume basis is 
related to the transmission rating of the 302 
set . When the transmission performance of the 
302 set was determined by comparison with its 
predecessors, large impr ovements in quality 
were exchanged for lower received speech vol­
ume. The wider frequency response of the 500 
set does afford some improvement in quality, 
but any further reduction in t~1s vol ume of re­
ceived speech in exchange for quality does not 
appear to be warranted . 

4 . 02 Fig . 5 shows the over-all frequency re -
sponse of the 500-type A and B series 

sets compared with the 302 set. Measurements 
were made on the basis of acoustic pressure , 
"mouth to ear , 11 with both transmitters at modal 
distance . Thus, the curves show the T plus R 
gain of the 500 set over the 302 set through 
the frequency range. The pair of curves for 
the short loops shows the effect of the equal­
izer. In this case, the differences between 
the two curves are due primarily to the dif­
ference in the response characteristics of the 
respective transmitters and receivers of the 
two sets. The 500 set short-loop curve does 
not apply to the J and K sets since these sets 
are not equipped with equalizers. On long 
loops the equalizer effect is small and the 
solid curve may be applied to J and K sets as 
well as to the A and B sets . In general, these 
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curves show that the response of the 500 cets 
is much more uniform throughout the frequen cy 
range , and without the rather sharp peaks of 
the 302 set . 
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Fig. 5 - Over-all Frequency Response 

4.03 Effective loop loss data for 500-type 
sets may be found in the AB43 sect~ons of 

the practices. Strictly speaking, the loop 
loss curves do not apply to J and K series set s 
on short and medium length loops because the 
losses for these sets are less than those shown 
by the curves . However, this may be disre ­
garded since loop design is based on the gains 
obtainable with equalizer equipped sets . 

4 . 04 Figs. 6 and 7 show the impedance charac -
teristics of 500A and B sets and of 500J 

and K sets , respectively , for various values ot 
loop current. For comparison purposes, the im­
pedance of the 302 set at 60 ma is included on 
Fig. 6. 

5. CROSSTALK 

5. 01 The transmitting volume of 500A, B, J and 
K sets is about 5 db higher on long loops 

than 300 series common battery talking sets . 
However, it is less than 1 db higher than local 
battery talking sets with 2 dry cells, and 
about 2 db lower than LBT sets with 3 cells . 
In the A and B sets the transmitting volume is 
never higher on any length loop than the volume 
of a 300 series CBT set on a very short loop, 
which was the design objective . 
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Fig. 6 - Impedance Characteristics 0£ 500A and B Sets 
with Various Values 0£ Loop Current 

5.02 The _receiving volume on long loops is 5 
to 6 db higher than that 0£ the HAl re­

ceiver in either CBT or LET sets but only l db 
higher than the HC5 receiver. 

5.03 From the £oregoing it appears that, ex-
cept where crosstalk couplings are mar­

ginal and an unsatis£actory condition may exist 
with LBT-HC5 sets, the 500A and B sets will not 
aggravate the crosstalk problem. 

5.04 On loops with a resistance below about 
900 ohms the use 0£ 500J and K sets may 

result in some unsatis£actory crosstalk per­
£ormance due to the lack 0£ equalization. Re­
placement 0£ J and K sets with equalizer 
equipped sets may provide su££icient relie£ in 
such cases. 
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5.05 Further discussion 0£ the crosstalk as­
pects 0£ station sets may be £ound in the 

AB6l sections 0£ the practices. 

6. SIDETONE 

6.0l On long loops the 3-element balancing 
network in 500 and 501 A, :9., J and K se­

ries sets provides about lO db better sidetone 
balance than the single element network 0£ the 
300 series common battery talking sets. As the 
resistance of the loop decreases this improve­
ment in sidetone balance diminishes until on 
very short loops the balance is about equal to 
that 0£ the 302 set. However, the equalizer 
reduces the transmitter and receiver e££i­
ciencies s.s the loop shortens and results in an 
acoustic volume 0£ sidetone in the 500A and B 
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Fig. 7 - Impedance Characteristics of 500J and K Sets 
with Various Values of Loop Current 

sets about equal to that of the 302 set for all 
loop lengths. In the case of J and K series 
sets, which are not equipped with equalizers, 
the sidetone volume increases as the loop re­
sistance decreases, but does not become exces­
sive if minimum loop resistance for these sets 
is held to 400 ohms. Fig. 8 shows the compara­
tive sidetone levels of the equalizer equipped 
500 and 501 A and B series sets and the 302 
set. 

7. NOISE 

7 .01 On short and medium length loops the sus-
cepti veness of 500A and B sets to longi­

tudinal noise compares favorably with the 300 
series for most set, loop and central office 
conditions. On long loops for reasons pointed 

out in Part 5 of Section AB22.066.l, 500A and B 
sets on party-line flat rate services are as 
much as 5 db more susceptive than 300 series 
sets over parts of the frequency range above 
250 cps. For the 500J and K sets, from which 
the equalizer was omitted, the higher suscep­
tiveness applies generally to all loops. 

7.02 On 2-party message rate dial tip stations 
the 500B and K sets have a susceptiveness 

as much as 7 db higher than the 304 set over 
most of the frequency range above 300 cps. 
Where an excessive noise condition is en­
countered considerable improvement in the over­
all susceptiveness of the 500B and K sets may 
be realized by moving the ringer lead from the 
R terminal on the network to the M terminal. 
However, even with this connection the suscep­
tiveness in the 500 to 1200 cps range is still 
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Fig. 8 - Comparative Sid.atone levels 

as llDlch as S db higher than the 304 set. Under 
this condition the susceptiveness of the SOOK 
set is a little less than that of the equalizer 
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equipped SOOB set. Where 500 sets are required 
for transmission reasons there is no advantage 
from a noise standpoint to be realized by sub­
stituting Fll-LBT sets., because the .signal to 
noise ratio remains about the same. Further­
more., il an HCS receiver is used in the LBT set 
its higher response at low f-requencies may ag­
gravate the condition even more than the $00 
set and produce a higher over-all susceptive­
ness. 

1.03 IT longitudinal noise voltages are high 
enough to cause transmission impairment 

on J and K sets on party-line services {other 
than message rat~ dial tip stations) with loops 
between 400 and about 900 ohms some mitigation 
may be provided by changing to equalizer 
equipped sets. On longer loops set changes 
will probably not provide llDlch improvement and 
such impairment may rec:.uire that measures be 
taken in outside plant to improve the noise 
condition. Detailed information on the sus­
cepti veness of these sets under various se~, 
loop and battery supply conditions will be 
found in the AB63 series of the practices• 
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