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LINE TERMINAL AND INPUT EQUIPMENT 

INTRODUCTION. -Among the most 

important elements in a broadcasting 

system in the chain of apparatus be- 

tween the microphone and the re- 

ceiver are the speech control units 

and the telephone line terminal 
equipment. This is true whether it 

is a chain program involving hundreds 

or thousands of miles of telephone 

circuits or a local program in which 

only very short lines are involved. 

In the process of transmitting 

the average program signal from the 

microphone, where the sound waves 

are converted into electrical im- 

pulses, to the radio transmitter 
where these signal voltages modulate 

a radio frequency carrier, the sig- 

nal is ordinarily amplified and at- 

tenuated a number of times. In each 

of these steps there is a tendency 

for some frequencies to be amplified 

or attenuated out of proportion to 

other frequencies. For example, 
when a program signal is transmitted 

over a long telephone circuit two 

major effects occur: first, the 

signal is attenuated due to the 

losses in the line; second, the high 

frequencies are attenuated to a 

greater extent than are the lower 

frequencies because of the short - 

circuiting effect of the line capa- 

city which increases with frequency. 

Both of these effects must be com- 

pensated for. To compensate for the 

undue loss of the higher frequencies 

a 'line equalizer' is employed to 

introduce low frequency attenuation 

which in turn will flatten the gen- 

eral attenuation curve. To com- 

pensate for the attenuation due to 

line loss a sufficient amount of 
amplification is employed to bring 

the signal up to the desired level. 

Very often, particularly where 

a temporary line is used for a re- 

mote pickup considerable line noise 

will be encountered. Where such a 

line must be used it is customary to 

place the signal on the sending end 

of the line at a higher than normal 

level. If the signal level is suf- 

ficiently high it will over -ride the 

line noise. At the receiving end an 

'attenuation pad' is inserted ahead 

of the speech input equipment. The 

pad attenuates the signal to the de- 

sired level, at the same time at- 

tenuating the noise in the same pro- 

portion, and since the signal was 

placed on the line at a level suffi- 

cient to over -ride the line noise, 

when both are attenuated sufficiently 

the noise level should not be ob- 

jectable. In this connection, the 

telephone company usually specifies 

a limit of 2 db on the signal level 

that can be delivered to the line in 

order that cross -talk and amplifier 

overloading do not occur. 

Each amplifier unit in the pro- 

gram chain must contain a volume 

control, usually variable in steps 

of 1 or 2 db each and ordinarily 
allowing a variation in gain of 

about 20 db. This is necessary to 

accommodate the variations in signal 

level which may be encountered in 
practice. 

In the control of a broadcast 

program a mixing panel is essential 

in order that several microphones 

may be used to provide proper pickup 

of musical instruments, singer, 
speaker, etc. The mixing panel must 

allow the variation of gain or at- 

tenuation of the output of each mi- 

crophone and proper mixing in any 

desired combination without dis- 
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turbing the impedance relations of 

the circuit. 

The following discussion will 
consider attenuation pads, volume 

controls, line equalizers and mixers, 

as well as the use of calculations 

involving the decibel as a unit of 

power and program signal level. 

THE TRANSMISSION UNIT. - In all 
broadcast or telephone work volume 

is considered as it affects the 

human ear, thus it is logical to use 

a measuring unit that bears a rela- 

tion to the sensitivity of the human 

ear. Telephone engineers have work- 

ed out such a unit known as the 

transmission unit, originally ab- 
breviated TU. This unit is now 
known as the Decibel, abbreviated 

`DB'. The prefix Deci signified 
tenth; Bel was selected in honor of 

Alexander Graham Bell. The name 
decibel has been selected as the in- 
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ternational designation of the 

transmission unit. 

It is just possible for the 

ear to distinguish the difference 

between the sounds produced by two 

power levels that differ in inten- 

sity by one DB. The transmission 

unit is defined as ten times the 

common logarithm of the RATIO be- 

tween any two powers, or twenty 
times the logarithm of the ratios 

of the two voltages or currents in 

equal impedances. It is expressed 
mathmatically as follows: 
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Consider two audio frequency 

amplifiers whose power outputs are 

800 and 1,000 milliwatts, respec- 

tively. It would appear that the 

output of 1,000 milliwatts would 

give a considerable increase in sound 

volume over that of 800 milliwatts. 

However, this difference could hardly 

be detected by the ear. 

From the above equation ex- 

pressing db, the ratio of the two 

powers is: 

1,000 milliwatts 

800 = 1.25 

A table of logarithms shows 

that the log of 1.25 is .097. Using 

this value in the equation for the 

transmission unit: 

db = 10 x .097 

db = .97 

Since this is slightly less 

than one db the difference in signal 

level will be practically unnotice- 

able. 

Table I gives the numerical 

values of power, voltage and current 

ratios corresponding to particular 

values of the transmission unit. 

Energy level, expressed in db, 

refers to signal intensity or volume 

at a given point and time and is 

based upon an adopted standard of 

zero level in db as being a power of 

6 mw. A zero db power level will be 

represented by 1.73 volts across a 

standard 500 ohm telephone line or 

across any 500 ohm impedance. 

In order that there may be no 

confusion it should be noted at this 

point that while .006 watt is used 

as the standard zero db power level 

by the telephone company, in broad- 

casting for a number of years a zero 

db level of .0125 watt has been 

taken as standard. This represents 

2.5 volts across a 500 ohm impedance. 

The .006 watt zero level is based 

upon the average value of human 

speech, while the .0125 watt zero 

level is based upon 'peak' value. 

The peak value is particularly im- 

portant in broadcasting because it 

is excessive peak values which over - 

modulate transmitters with accom- 

panying distortion. 

NEW VOLUME INDICATOR AND REFER- 

ENCE LEVEL. -It will be observed 

from the above that two different 

zero reference levels have been in 

common use by the telephone and 

broadcasting companies. In addition 

to this there have been in general 

use a number of different types of 

volume indicators differing in char- 

acteristics as : r.m.s. or peak 

reading; slow, medium or high speed; 

half or full -wave rectifying; criti- 

cally or lightly damped; several 

reference power levels in different 

values of resistance. These differ- 

ences have led to confusion and mis- 

understanding throughout the com- 

munication industry, particularly 
when it became necessary to correlate 

measurements and data from the vari- 

ous communication groups. This 

situation resulted in an agreement 

ly the Bell Telephone Laboratories, 

the Columbia Broadcasting System and 

the National Broadcasting Company, 

after many conferences and tests, on 

a distinctly new volume indicator 

and a new zero reference level. The 

new indicator and reference level 

were discussed at a number of con- 

ferences with other broadcasting 

organizations; the agreement between 

the three companies was announced in 

December, 1938; the new instrument 

and reference level were adopted 

May 1, 1939. Since then there has 
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been widespread adoption of the new 

standards throughout the broadcast- 

ing industry. 

The new standard reference level 

was announced as follows: 

Zero or reference volume level 

shall be defined by specifying (A) 

the characteristics and method of 
use of the volume indicator instru- 

ment, and (B) a steady state refer- 

ence of i milliwatt. The impedance 

of the circuit across which the in- 

strument is calibrated shall be 600 

ohms. The characteristics of the 
instrument as well as the value of 

the calibrating power are important 

features of the definition. 

In order to avoid the more cum- 

bersome term "db above zero volume 

level" and confusion with several 
existing standards it is proposed to 

designate the readings of the new 
instrument as so many "VU ", numeri- 

cally equal to the number of db 
above the reference volume level. 

In considering the above, it 

first should be realized that this 

new term NU' does not violate the 

established system of db calculations 

and measurements, but rather, adds 

to that system. The decibel has al- 

ways been used in two different 
manners: first, as a relative in- 

dication of difference between two 

power or voltage levels; second, as 

an absolute level of power with re- 

spect to an accepted zero reference 

level. 

It is in the second use that 

thenew standard introduces a change, 

but this change refers only to the 

reference level used. For example, 

if an absolute level of power is ex- 

pressed as 4 db, it is understood 
that this represents power amplitude 

of 4 db above a reference level of 

6 milliwatts. If an absolute level 

of signal volume is expressed as 4 

VU, it is understood that this re- 

presents a volume level 4 db above 

the reference level of 1 milliwatt. 

The only factor that has been changed 

in going from one term to the other 

is the reference level. Of course 

an absolute signal level of 4 VU is 

different than an absolute signal 

level of 4 db because the two are 

computed from different zero refer- 

ence levels. However in each case 

the actual signal level will be 4 

db above the respective reference 

level. 

As stated above, 'The character- 

istics of the instrument as well as 

the value of the calibrating power 

are important features of the defi- 

nition.' These characteristics are 

as follows: 

1. The instrument employs 

a full -wave, copper -oxide rectifier 

contained within the meter case. 

2. The ballistic character- 

istic is such that the sudden appli- 

cation of a single frequency voltage 

of such value as to give a steady 
reading at 0 VU or 100 mark will 
cause the pointer to overswing by 1 

to 1-1/2 per cent (0.1 to 0.15 VU). 

The pointer speed is such that under 

the same conditions, a deflection 
of 99 per cent of the steady state 

value is reached 0.3 second after 
the sudden application of the single 

frequency voltage. 

3. The scale card is a 

cream yellow and has markings in 

black and red. Two scale types are 

available. 

4. The meter sensitivity is 

uniform to within 0.2 db of the 100 

c.p.s. value over the frequency range 

from 35 to 10,000 c.p.s. and within 

0.5 db over the range from 25 to 

16,000 c.p.s. 

5. The instrument is capable 

of withstanding, for at least 0.5 
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second without injury or effect on 
calibration, voltage peaks of ten 
times the value equivalent to a 
reading of 100 per cent or zero VU. 

It is capable of withstanding a con- 
tinuous overload of five times the 
100 per cent or zero VU voltage. 

Fig. 1 illustrates the new 
volume indicator and the two types 
of scales that are available, one 
being preferred by the Bell System, 
the other by the two broadcasting 
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Type A scale, preferred by the Bell System, is 

intended for use in program transmission. The 

illustration is approximately three -fourths full sise. 

Scales are from Weston type 30 volume indicator 

flected to the 0 VU or 100 mark on 

either program material or single 
frequency power having a volume level 
of +4 VU. For reading high signal 
levels a variable 3,900 ohm attenu- 
ator may be iserted between the 
meter and the external resistance 
to decrease the meter sensitivity. 
This is shown in Fig. 2. The meter 
is of the r. m. s. type. 

It particularly should be em- 

phasized that an expression of sig- 

r 

Type B scale, preferred by NBC and CBS is 
intended for program production and transmis- 
sion applications. Meter case is 41/4 In. wide and 

4 in. high 

Fig. 1.--Showing two types of volume indicators. 

companies. 
The instrument itself has an 

impedance of 3,900 ohms and must be 
used in series with an external re- 
sistance of 3,600 ohms in order to 
have the required ballistic char- 
acteristics. The instrument with 
the series resistance has a sensi- 
tivity such that the pointer is de- 

nal level in VU implies a measure- 
ment of absolute level and indicates 
that the measurement was made with 
the new type of meter. This is con- 
sidered important because it per- 
mits a comparison of volume levels 
at different points along a long 
telephone circuit with the assurance 
that the measurements are made under 
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identical conditions. Most earlier 

types of volume indicators will not 

give corresponding readings on pro- 

gram material, even though recali- 

brated to a reference level of 1 

milliwatt. 

3900 Q 
Attenuator 

Fig. 2.--Attenuator to control sen- 

sitivity of meter. 

IMPEDANCE MATCHING. - In the 

study of energy transfer it is con- 

stantly emphasized that the maxi- 

mum power transfer is accomplished 

when the impedances of the output 
and input equipment are equal; in 

telephone circuits this relation 
must exist between the line itself 

and the terminal equipment. A 500 

ohm telephone line should operate 

into a terminal impedance of 500 
ohms; this same telephone line should 

be fed from an input impedance of 

500 ohms. 

In the study of high frequency 

antennas it is shown that energy can 

be reflected back along a circuit 

under certain conditions. Similar 

conditions exist in a long telephone 

line. If the terminal impedance 

does not equal the characteristic or 

surge impedance of the line, signal 

energy will be reflected back along 

the line. Proper termination elimi- 

nates the reflection. Since the en- 

gineer is vitally interested in 

transmission fidelity, he will ap- 
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preciate the seriousness of the dis- 

tortion that would be produced by a 

signal reflection component imposed 

on the following signal voltages. 

To minimize energy reflection 

it is necessary to terminate the 

telephone line with the proper im- 

pedance. At the same time it is 

often desirable to use equipment the 

input impedance of which does not 

equal the line impedance; for ex- 

ample, the input impedance of the 

terminal equipment may be 200 ohms 

and the telephone line impedance 

500 ohms. The solution is to couple 

the line to the apparatus by means 

of a transformer. The primary of 

the transformer connected to the 

line should have an effective im- 

pedance of 500 ohms and the turns 

ratio between the primary and sec- 

ondary should equal. 

Z Z6 = \/500/200 = 1.58 

in order to properly couple the 

impedances. 

It is well at this point to 

under what conditions the surge 

two 

see 

im- 

pedance of the line itself must be 

considered. The surge impedance, 

reflection and standing waves along 

a line are important only when the 

line is quite long, that is, ap- 

proaching one -quarter wavelength at 

the highest frequencies to be con- 

sidered. Ordinary good telephone 

lines used in broadcasting are equal- 

ized to 5,000 cycles, although there 

are some that will handle 8,000 
cycles. The wavelength is equal to 

velocity /frequency. Assuming a pro- 

pagation velocity equal to that in 

space (which of course is consider- 

ably too high) and upper frequency 

limit of 10,000 cycles (which is 
higher than will be transmitted), 

X = 300,000,000/10,000 = 30,000 
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meters and one -quarter wavelength is 

7,500 meters, or a little more than 

four miles. At the lower frequen- 

cies a quarter wavelength is still 

longer, even though the velocity of 

propagation along a wire is con- 

siderably slower than in space. 

It is evident from this that at 

audio frequencies the surge impedance 

of a line a few hundred feet long - 
or even a mile or two--connecting 

two pieces of apparatus, ordinarily 

need not be considered. However an 

impedance consideration is still 

present. A short line will simply 

connect two pieces of apparatus to- 

gether and it is essential that the 

two ends of the line be terminated 

by equal impedances. That is, the 

output impedance of one piece of ap- 

paratus must be matched by the input 

impedance of the following apparatus 

which may be a few inches, a few 

feet, or a few hundred yards distant. 

Similar problems exist in 

studio equipment. The ordinary mix- 

ing control may be designed to op- 

erate across a 50 ohm transformer 

winding; the microphone used in 

broadcast work usually has an output 

impedance of 200 ohms. To feed the 

signal voltage from the microphone 

into the mixing panel a transformer 

having a 200 ohm primary and a pri- 

mary to secondary turns ratio of 

/200/50 

should be used. In this connection 

it should be observed that a turns 

ratio of 

/200/50 = 2. 

Thus the secondary will have 1/2 as 

many turns as the primary and its 

inductance will be reduced to 1/4 as 

will its reactance, so that if Z = 

200 ohms, Ze will equal 50 ohms. In 

case it is desired to feed a 500 ohm 

telephone line into this same mixing 

panel the transformer should have a 

500 ohm primary and the proper turns 

ratio, 

t/500/50 = 3. 16 

Very often it is desired to at- 

tenuate the signal voltage from the 

line before transferring it to the 

input amplifier. Assume it is nec- 

essary to decrease the signal by 

20 db. Assume that the line imped- 

ance is 500 ohms and the amplifier 

input impedance is 200 ohms. The 

proper method of handling such a 

problem is shown in Fig. 3. 

Transformer primaries and sec- 

ondaries are commonly spoken of as 

having certain impedances. Of course 

the impedance of any such winding 

will vary with frequency. It is 

customary to measure audio trans- 

former impedances at 1,000 cycles, 

so that a 200 ohm winding will have 

an impedance of 200 ohms at 1,000 

cycles, a higher impedance at a 

higher frequency, etc. 

In Fig. 3, the signal is shown 

as received from a 500 ohm telephone 

line which is terminated by a 500 

ohm transformer winding; passed by 

mutual inductance into a 200 ohm 

secondary winding; delivered to the 

input terminals of a 20 db attenua- 

tion pad which is designed to con- 

nect between two 200 ohm circuits; 

decreased in level 20 db and then 

delivered to the input terminals of 

the amplifier, the input impedance 

of which is 200 ohms. Impedance 

matching transformers with tapped 

primaries and secondaries may be 

obtained. With such a combination 

the impedance characteristics of 

two pieces of equipment or of two 
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lines can be quickly matched. 

THE ATTENUATION PAD. -An At- 
tenuation pad is sometimes called an 

`artificial line' , a 'network' , a 

'line pad', or simply an 'attenua- 

tor.' It consists of a combination 

of resistors so arranged that the 

er than desired signal is placed on 

the line to over -ride the normal 

line noise and then attenuated at 

the receiving end to obtain the de- 

sired level. Attenuation networks 

are designed to operate between spe- 

cific impedances and the calibra- 

_ 

Telephone 
Line 

500 ohms 

Input 
Amplifier 
200 ohms 

Transformer 

L J 
Attenuation 
Pad 20 DB 

Fig. 3.--Use of impedance -matching transformer and attenuation pad. 

desired ratio of the signal level 

leaving the pad to the signal level 

entering the pad can be predeter- 

mined and the necessary losses cal- 

culated. An important factor in 
pad design is the impedance which 

the pad represents to the line. It 

is important that the impedance of 

the pad, looking into each end equal 

the impedance of the line into which 

it is facing. The pad consists of 

resistances in series with the line 

and in parallel across the line. If 

a large signal loss in the pad is 

desired the series resistance should 

be high and the parallel resistance 

low, and vice versa. 

Attenuation pads are used ex- 

tensively in transmission measure- 

ments; in laboratories, to approxi- 

mate the conditions existing in a 

long transmission line; in input 

equipment at the end of a line as 

previously explained, where a great- 

tion of a pad is only correct when 

used between the specified imped- 

ances. 

Such pads may be designed to 

operate between unlike values of 
impedance, and are sometimes used in 

that manner. However, with unlike 

impedances it is difficult to pro- 

perly design the pad for low values 

of attenuation. It is much more 
desirable to use the method as shown 

in Fig. 3 where an impedance match- 

ing transformer is used to equalize 

the impedances on both ends of the 

artificial line. Both types of pads 

will be discussed. 

There are two principal types 

of attenuation pads, balanced and 

unbalanced. If all of the imped- 

ances, on both sides of the line, 

are symmetrical with respect to 

ground the network is said to be 

`balanced.' Such a pad is shown in 

Fig. 4(A). An 'unbalanced' network 
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is shown in Fig. 4(B). It will be 

seen that in the balanced pad the 

impedance between each of the input 

terminals to ground is the same; the 

same condition exists between the 

output terminals and ground. In the 

Input 

Be ianced. 

(A) 

Fig. 4. -Balanced H Pad. 

Output 

unbalanced network one side of the 

line is grounded, the other ter- 

minals, input and output, being at 

high potential above ground. A bal- 

anced and an unbalanced network could 

not be connected into the same cir- 

cuit unless isolated from each other 

by means of a transformer, because 

otherwise a portion of the balanced 

network would be shorted out to 

ground. 

It is always desirable to ground 

an artificial line to eliminate the 

capacity to ground effect which, at 

the higher frequencies, may cause a 

considerable change in the reactance 

of the entire circuit. In planning 

the design of an attenuation circuit 

the condition of the line must be 

known. A balanced network could not 

be used with a line of which one is 

grounded without the use of a trans- 
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former between the pad and the line. 

If a simple pad is to be used with 

a grounded line the unbalanced type 

should be selected, making sure of 

course that the ground on the pad is 

on the same side as the ground on 

the line. 

Input Output 

Unbalanced 

(B) 

Unbalanced T Pad 

ATTENUATION BETWEEN LIKE IM- 

PEDANCES.--Table II gives data to 

use in calculating all the values 

of resistance for both H (balanced) 

and T (unbalanced) types of attenua- 

tion pads. In these data it is as- 

sumed that the input and output im- 

pedances, that is, the impedances 

between which the pad is connected, 

are equal. 

The most practical way to ex- 

plain the use of this table is to 

work a problem showing the design 

of each type of pad. Suppose it is 

desired to design an H type pad 

having an attenuation factor of 16 

db to connect between two 200 ohm 

impedances. , 

Referring to the design of the 

H pad, there are four resistors de- 

signated. 
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TABLE II 

CHART AND FORMULA FOR COMPUTING VALUES OF RESISTANCES IN 

H AND T TYPE ATTENUATION PADS. 

K =I'/I Yx Xx DB K =I' /I Yu ' Xx 

1 1.122 4.48 .0566 24 15.85 .0636 .881 

2 1.259 2.17 .15 25 17.75 .0565 .894 

3 1. 413 1.43 . 17 26 19.95 . 0505 .906 

4 1. 5 85 1.055 . 225 27 22.40 .0448 .914 

5 1.778 .829 .28 28 25.10 .04 .923 

6 1.995 .667 .333 29 28.20 .0356 .93 

7 2.24 .563 .382 30 31.60 .0316 .939 

8 2.51 .473 .43 31 35.50 .0282 .945 

9 2.82 .409 .476 32 39.90 .0251 .951 

10 3.16 .352 .52 33 44.60 .0225 .955 

11 3.55 .308 .56 34 50.00 .0201 .96 

12 3.98 .269 .598 35 56.20 .01785 .965 

13 4.47 .235 .635 36 63.00 .01b9 .968 

14 5.01 .208 .667 37 70.80 .01415 .972 

15 5.62 .184 .699 38 79.30 .0126 .975 

16 6.31 .162 .726 39 89.10 .0125 .978 

17 7.08 .1445 .753 40 100.00 .01 .98 

18 7.95 .1282 .776 41 112.00 .00892 .982 

19 8.91 .1144 . 79 8 42 126.00 .00792 .984 

20 10.00 .1011 .818 43 141.00 .00708 .9855 

21 11.21 .09 .836 44 158.00 .00631 .9875 

22 12. 58 . 08 . 853 45 178.00 . 00562 . 989 

23 14.12 .0711 .868 46 211.35 .005 .99 

Note: It is assumed that the impedance into which the pad feeds is equal to 

Z Inpu 

the impedance of the device from which the pad is fed. 

H Pad 

T Pad 

Z Output 

Z Output 

X_Z (K- 1) -Z 
(Xx) 

2 (K + 1) 2 

K = 
I, 

I 

Y = 2Z 
K2 1 

- 2Z(ix) 

K = Antilog 
db 

20 

Yx K 

K2 - 1 

X = Z 6---1 - Z(Xx) 
K + 1 

Y = 2Z 
K2 K 

2Z(Yx) 

X_ 
K + 1 
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X and one resistor Y. It will be 

seen from the equation beside the 

circuit sketch that the value of 

each resistor is equal to X = - (XX). 
Xx from the table for 16 db equals 

.726. Therefore 

200 
X = -Tx 

The value of the Y resistor is given 

by Y = 2Z (Yx). Therefore 

Y = 2Z (Yx) = 2X200x.162= 64.8 

ohms. In Fig. 5(A) the complete pad 

is shown. 

X 

72.6 52 72.6 52 

Input 
Z = 200 Q 

X 

72.6 ;2 

Fig. 5.-H Pad 
on a 
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An inspection of the equations 

and values of the members of the H 

and T type pads will cause some in- 

teresting facts. The value of Y for 

both pads with given values of at- 

tenuation and impedance, is the same. 

Y = 2Z (Yx) in both cases. 

In the T pad X = Z (XX); in the 

H pad X = -(XX). In other words, 

in the H pad each value of X as de- 

termined for the T pad is simply 

divided into two parts and one -half 

placed in each side of the line. 

The total value of resistance 

across the line between the two in- 

put terminals, in the case of the H 

64.8 Q Output 200 :2 

Z=200 S2 

X 

72.6 Q 

(A) 
designed for 16 db loss 

200 ohne line. 

Suppose it is necessary to de- 

sign a T pad to use between two 300 

ohm impedances. An attenuation of 

24 db is required. From the sketch 

it will be seen that there are two 

X members and one Y member. From 

the equations, X = Z (Xx). Z = 300 

ohms; Xx = .881 (from the table for 

24 db). Thus X = 300 x .881 = 264.3 

ohms. By the equation Y = 2Z (Yx); 

Z = 300 ohms. Yx = .0636 (from the 

table). Therefore Y = 2Z (Yx) _ 

2 x 300 X .0636 = 38.16 ohms. The 

pad with all values is shown in Fig. 

6. 

72.6 S2 

72.6 Q 

(B) 

Equivalence circuit of & pad and 

load. 

pad, consists of two X members and 

the case of the H pad, consists of 

two X members and the Y member. In 

the 200 ohm impedance pad as calcu- 

lated the total resistance is 72.6 + 

72.6 + 64.8 or 210 ohms, slightly 

higher than the line impedance. The 

same relation exists with respect to 

the output terminals. An approxi- 

mately similar condition will exist 

with any H or T pad used between 

like impedances. The total resist- 

ance facing the input terminals must 

approximately equal the input imped- 

ance; the total resistance facing the 
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output terminals must approximately 

equal the output impedance. This 

allows the approximate accuracy of 

the pad design to be quickly check- 

ed. 

match. If the pad were designed for 

operation between unlike impedances 

it could be solved from the opposite 

ends in a manner similar to the 

above to check the work. Thus a pad 

X 

Input 
Z = 300 il 

Output 
Z = 300 fl 

Fig. 6.--T Pad for 24 db loss and a 300 ohm line. 

For a more reliable check on the 

accuracy of the pad calculations the 

pad should be resolved into its 
equivalent circuit and solved by 

ohm's law to check the impedance 
match. Fig. 5(B) shows the equi- 
valent circuit of the pad in Fig. 5 

(A). Looking into points A and B 

the impedance should be 200 ohms. 
This is a simple series parallel 
combination of resistances. The 

total resistance between points A 
and B is 

64.8 +77166+ +2200 ++7il26 
2 (72.6) 

= 199.8 ohms 

Thus the pad presents an impedance 
of 200 ohms to the line. Since the 

terminating impedances are identical, 
solving from the opposite end of the 

pad would also give an impedance 

between 600 and 700 ohms should 
solve to 600 ohms from one end and 

200 ohms from the opposite end. 

It should be observed that as 

the attenuation factor is increased 
the resistance of the X members is 

increased and that of the Y member 
decreased, and vice versa. 

ATTENUATION BETWEEN UNLIKE IM- 
PEDANCES. - It may be desired to use 

an attenuation pad, either H or T 

type, between unlike impedances 
without the use of an impedance 
matching transformer. The calcula- 

tions in this case are somewhat more 

involved because it is more diffi- 

cult to prepare tables of constants 

that are applicable with all the 

various combinations of impedances 

and attenuation. For such pads 
tables may be dispensed with and the 
calculations made entirely from for- 

mula. In Fig. 7, (A) and (B), are 

shown H and T pads respectively with 
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the designations of their resist- 
ance members. 

R1/2 Re/2 

R1 /2 R,/2 

(A) 
Fig. 7.--Circuits of H and T pads used 

match unequal 

Z1 = Larger Z 

Z2 = Smaller Z 

X = `Equivalent Attenuation' 

R1 = Series R toward Z1 

Ra = Series R toward Z2 

R2 = Shunt Resistance 

db = 20 log-f- 

Therefore, = Antilog db /20 

And X= 

2X 

R2 
1 - X2 

VT 2T 

R1 = Z1 - 

R9 = Z2 - 

Antilog db /20 

R2 [1 - X ZZ Z2] 
R2 [1 - X 21] 

It will be seen that the resistances 

for the T pad may be calculated di- 

rectly from the known values of Z1 

13 

and Z2, and the desired attenuation 

in decibels. In the case of the H 

in calculating resistance values to 

impedances. 

pad the calculations are the same 

except that the values of R1 and 

R3 are divided by 2, and one -half of 

each placed in each side of the 
line. R2 is the same for both pads. 

Suppose it is desired to use a 

T pad as shown in Fig. 7(A) between 

impedances of 500 and 200 ohms with 

attenuation of 30 db. First cal- 
culate the value of X. 

db = 20 log - 

log4- _ db 

-- = Antilog = Antilog 

--i-= Antilog 1. 5 = 31.6 

X °31 6 = .0316 

2 X .0316 
R2 - 

1 - .03162 

20 

. V500 x 200 

(From Formula) 

R9 = .8S82 . l0 0000 

.0632 x 316 
R2 - = 20 ohms 

.999 
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R1 = 500 - 20 [1 - .0316 1/500/200] (From Formula) 

R1= 500-20 [1 - (.0316x1.58)] =500- (20X.95) 

R1 = 500 - 19 = 481 ohms 

R3 = 200 - 20 [1 - .0316 20] (From Formula) 

R3 = 200 - 20 [1 - (.316 X .632)] = 200 - 20(1 - .02) 

R3 = 200 - 19.6 = 180.4 ohms 

If it is desired to use an H 

pad as in Fig. 7(A) between the same 

500 ohm and 200 ohm impedances with 

the same 30 db attenuation, then it 

is only necessary to divide R1, 481 

ohms, by 2, placing 240.5 ohms in 
each side of the line; do the same 

for R3, placing 90.2 ohms in each 

side of the line; and use Rs, 20 

ohms, unchanged but center - tapped 
for connection to ground. 

By means of such comparatively 

simplecalculations, attenuation pads 

for any desired attenuation, and for 

use between practically any values 

of impedance, can be designed. 

It will be seen that the ap- 

proximate check for accuracy as pre- 

viously discussed, is still correct. 

Across Z, (500 ohms), the sum of the 

resistors R1 + R 
2 

= 481 + 20 = 501 
ohms. Across Za (200 ohms), R3 + 

R2 = 180.4 + 20 = 200.4 ohms. 

LINE EQUALIZER. -When it is de- 

sired to transmit a broadcast pro- 

gram over a long telephone line the 

frequency characteristics of the line 

must be taken into consideration and 

compensated for. A telephone line 

possesses distributed capacity be- 

tween the wires. If the telephone 

line is short and is carried on 
poles the capacity may be practically 

negligible; if the telephone line 

consists of an underground cable the 

distributed capacity may be high 
even though the line is short; if 

the telephone line is many miles 

long the distributed capacity will 

be large even though the line is 

overhead and the wires are well 

spaced. fhe distributed capacity 
acts as a capacitor connected di- 

rectly across the line. Under such 

conditions a certain amountof signal 

energy will be by- passed by the dis- 

tributed capacity, and the higher 

the frequency the greater the at- 

tenuation due to, the lower value of 

capacitive reactance and the corres- 

pondingly greater by- passing effect; 

also the longer the line the greater 

the attenuation of the higher fre- 

quencies due to the increased capa- 

city of the line. 

The lost high frequency energy 

cannot be replaced back into the 

circuit at the receiving end but it 

is possible to cause a corresponding 

loss of the low frequencies so that 

all frequencies are attenuated 
equally, and then amplify the pro- 

gram signal sufficiently to make up 

for the total attenuation. 

A circuit as shown in Fig. 8 

will accomplish the desired results. 

The values of L and C are such that 

the parallel LC circuit is inductive 

up to the highest frequency that must 

be passed. In other words, if it is 
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desired to have the line pass equally 
well all frequencies up to 8,000 
cycles the resonant frequency of the 
LC circuit must not be lower than 
8,000 cycles. A parallel LC circuit, 
operated below its resonant fre- 
quency, will act as an inductance; 
an inductive circuit will offer less 
opposition to low frequencies than 
to higher frequencies, and the lower 
the frequency the less the opposi- 
tion. This is exactly opposite to 

any line will be an individual pro- 
blem. However, with given values 
of L and C in the equalizing circuit, 
as the line length and capacity are 
increased the value of R must be de- 
creased in order to increase the at- 
tenuation of the lower frequencies 
to compensate for the added attenua- 
tion of the higher frequencies by 

the line itself. On some long lines 
several equalizing circuits may be 

required to flatten out the line 

L ine 

L 

i 

1 
T 

C 

o 

Line 

Fig. 8. -Circuit of a line equalizer. 

the line characteristics where the 
higher the frequency the greater the 
attenuation. 

With the circuit of Fig. 8 the 
shape of the attenuation - frequency 
curve will be a function of the 
relative values of L and C; the de- 
gree of attenuation at any frequency 
along the curve will be a function 
of R; the lower the value of R the 
greater the by- passing effect and 
the attenuation of any frequency. 
Since individual lines have differ- 
ent lengths and different character- 
istics the actual equalization of 

o 

frequency characteristics, but each 
case will be an individual problem. 
So that the engineer may have some 

idea of the values required for 
practical equalizing circuits the 
values used at one installation will 
be given. For an 8,000 cycle high 
fidelity line, L = .0022 h, C = .171 
µf, and R = 1,000 ohms. For a 5,000 
cycle line, L = .005 h, C = .171 µf, 
and R = 1,000 ohms. Similar values 
will undoubtedly prove satisfactory 
in many cases. Calculations for the 
resonant frequencies of the two 
equalizers mentioned above will show 
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that in each case the resonant fre- 

quency of the equalizing circuit is 

just slightly higher than the fre- 

quency to which the line is to be 

equalized. 

The LC circuit of the equalizer 

should be so designed that the im- 

pedance of this circuit decreases 

with a decrease of frequency at ex- 

actly the same rate that the effec- 

tive capacitive reactance of the line 

decreases with a frequency increase. 

If this condition is approximated 
the amount of the attenuation can 

be controlled within the desired 
limits by means of R. 

EQUALIZING PROCEDURE. -Before 
commencing the equalizing run a 

volume indicator should be connected 

across both ends of the line. The 

signal generator at the transmitting 

end of the line should be tuned to 

1,000 cycles and the output adjusted 

to about 2 db below normal peak pro- 

gram level. The equalizer at the 

receiving end of the line is then 

adjusted for approximately the same 

volume reading as is obtained at 

the transmitting end. Starting with 

the lowest frequency to be trans- 

mitted the frequency is increased in 

100 cycle steps up to the maximum 

frequency to be passed by the line. 

During the run the input to the line 

must remain constant. The output of 

the line should remain within ±2 db 

over the entire range. If the output 

varies over these limits the equal- 

izer must be readjusted until uni- 

form response is obtained. More 

than one equalizer may be required 

if the frequency range is high and 

the line quite long. 

Where time is short the usual 

procedure is to transmit a 5,000 

cycle signal over the line and note 

the reading of the volume indicator 

at the receiving end. The signal 

generator is then shifted to 100 

cycles keeping the input to the line 

constant. The equalizer is adjusted 

until the reading at the receiving 

end is the same as that obtained for 

the 5,000 cycle note. 

After an equalization run is 

completed a turnover check showing 

that the line is balanced to ground 

should be made at the highest fre- 

quency at which the line is equal- 

ized. This is done by reversing the 

line at one end. 

THE MIXING PANEL. -The mixing 
panel is used where several micro- 

phones are employed to pick up a 

program from different locations, or 

where it is desired to blend or 

'fade' from one program to another. 

The same apparatus is also called 

ceder'. In picking up any program, 

say an orchestral program, from 

several different points and mixing 

the signal energy from the various 

microphones together for trans- 

mission into a common amplifier, the 

greatest care must be exercised in 

getting the proper signal voltage 

level from each source. Everyone 
has heard cases of poor mixing where 

a singer was accompanied by an or- 

chestra or piano and the voice al- 

most nullified by over -accentuation 

of the accompaniment. In such a 

case, if two microphones are used it 

will be a simple matter to correct 

the condition by increasing the sig- 

nal level from the singer's micro- 

phone and decreasing the level from 

the accompaniment. This is one of 

the most important duties of the 

control engineer. 

The mixing circuit should be 

designed to have the following char- 

acteristics: 

(A) Each control independent 

of the other; that is, when the sig- 

nal level from one microphone is 
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varied from maximum to minimum it 

should have no effect on the input 

level to the amplifier from any of 

the other microphones. 

(B) The impedance facing the 

input terminals of the amplifier 
following the mixing circuit should 

be constant regardless of the ad- 

justment of any or all of the indi- 

vidual control units. That is, vary- 

ing the controls of the mixing panel 

should not affect the total imped- 

ance across the output terminals of 

the circuit. 

(C) Regardless of the adjust- 

ment of an individual control arm 

the impedance connected across that 

individual microphone transformer 

should remain unchanged. That is, 

varying the signal level into the 

amplifier from a certain microphone 

To microphones 
or /and tele- 
phone lines. 

50 
ohms 

circuit should not change the im- 

pedance characteristics of the mi- 

crophone transformer and load cir- 

cuit. 

The characteristics are satis- 

factorily approximated in the series 

type of mixing circuit shown in Fig. 

9. This type of mixing panel is 

extensively used in broadcasting 

and, if the proper values are used, 

will give excellent results. The 

variation of the resistance across 

the secondary of any one microphone 

transformer will not vary more than 

25 per cent with any range in the 

adjustments of any or all of the 

individual controls. The value of 

R1 must be at least three times as 

great as the impedance of the trans- 

former secondary in order that the 

total resistance facing the secondary 

50 
ohms 

R1 
R3 

50 
ohms 

Fig. 9.--Series mixing circuit for 

To 
200 kmplifier 
ohms 

Input 

program sources to be fed into an amplifier. 
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is not lower than the impedance of 

the secondary winding. This is due 

to the shunt resistance of the other 

portions of the circuit that are 

connected across this resistance by 

the variable arm. 

The series resistance of R3 in- 

creases in value as the control arm 

is moved down across R1. By examin- 

ing the circuit from the two output 

terminals and tracing the circuit 

from the upper terminal, it will be 

seen that the first connection is at 

the fixed tap between R2 and R3; 

through a portion of R3; through the 

control contact to R1; from R1 to 

the junction of R2R3 on the next in- 

put circuit; etc. At the lower end 

of the last input circuit R1 connects 

to the lower output terminal. If 

the resistance of R3 increases in 

the proper proportion with a de- 

crease of R the total resistance 

across the output and across each 

transformer will vary very little 

with various adjustments. 

R2 is a compensating resistance 

having a suitable value and so ar- 

ranged that it compensates for the 

shunting effect of R1 and keeps the 

output impedance of the circuit up 

to the value of the amplifier input 

transformer impedance at the posi- 

tion of maximum and near maximum 

signal level from the microphone, 

in other words, at the upper limits 

of R1. 

The actual calculations of the 

values of resistance, R1, R2 and R3, 

are somewhat involved and will not 

be entered into here. A commercial 

control unit that is extensively 

used in broadcasting is made up of 

the following values of resistance: 

R1 = 160 ohms; R2 = 35 ohms; R3 = 50 

ohms. This unit is designed for use 

with a microphone transformer having 

a 50 ohm secondary as shown, to feed 

INPUT EQUIPMENT 

an amplifier input circuit of 200 

ohms. 

It is essential that the con- 

trol units be well designed and quiet 

in operation. The unit may afford 

continuous variation or it may be 

variable in steps. In the latter 

case the variations are usually in 

2 db steps because this is about the 

minimum variation that the average 

ear can notice. For most purposes 

continuous variation is preferable 

to variation in steps because with 

such controls one program can be 

faded out and another in without 

noticeable abrupt changes in volume. 

Such a circuit is used in motion 

picture theatres. At the end of a 

reel or record, where the sound is 

on record, the sound from the com- 

pleted record or reel must be faded 

out and the sound from the succeed- 

ing one brought in, this being ac- 

complished in such a manner that the 

sound level from the reproducer is 

normal during the entire operation. 

There are many uses for the mixing 

panel in sound reproduction and the 

proper use of this circuit can make 

up for many deficiencies elsewhere 

along the path of the program from 

the source of sound to the antenna. 

THE VOLUME CONTROL. -One of the 

quite simple but most important 
pieces of apparatus in the trans- 

mission of a program is the volume 

control. Volume controls are in- 

serted in various portions of the 

circuit, in the studio control room, 

on the main control panel if one is 

used in addition to the studio con- 

trol, and at the speech input ampli- 

fier at the transmitter. It is of 

the greatest importance, for maxi- 

mum undistorted output from the 

transmitter, that means be provided 

for accurate adjustment of the pro- 

gram signal voltage entering the 
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transmitter. If the level is too 

high on the peaks over -modulation 

will result, and the output will be 

distorted; if insufficient signal 

voltage is provided the modulation 

level will be too low and the output 

from the transmitter will consist 

mostly of carrier. 

Since all amplitudes in broad- 

casting are based on the characteris- 

tics of the human ear and since this 

is a logarithmic characteristic, the 

volume control is calibrated in 

transmission units, db, usually in 

steps of 2 db. The volume control 

often consists simply of a tapped 

resistance connected directly across 

the circuit, all of the resistance 

being used across the input with an 

arrangement of taps along this re- 

sistance for taking off the desired 

voltage for the output. Such a 

volume control of the ladder type is 

shown in Fig. 10. 

In the design of the volume 

control it is first necessary to de- 

termine the total resistance to use 

across the line. In order to keep 

Input o 

the current and losses low the total 

resistance is usually made quite 

high. In Fig. 10 a total of 50,000 

ohms is used. Very often the total 

resistance will be as high as 500,000 

ohms. 

In calculating the values of 

the individual resistances between 

steps it must be remembered that the 

Transmission Unit, db, is a log- 

arithmic unit. It also must be 

remembered that the voltage across a 

series circuit varies directly as 

the resistance. Since the signal 

voltage is a direct function of the 

voltage across the output terminals, 

and since this voltage is to be 

varied at a logarithmic rate, it is 

apparent that the values of resist- 

ance must also vary at a logarithmic 

rate; the resistance cannot be di- 

vided up in steps of equal resist- 

ance. 

Inspection of Fig. 10 shows 

that at zero level the output volt- 

age is taken across resistance Ro. 

The total resistance, Rt, is speci- 

fied as 50,000 ohms. It is first 

Total Resistance Rt = 50.000 ohms 

Ro 81 82 Rs R4 85 Re 87 Rq Re Rio RIi R12 Rig Rio 82a etc. to end 

o d o o . o 0 0 0 0 0 0. 
0 2 4 6 8 10 12 14 16 18 20 22 

Output G 

0 0 o o 0 o 0 0 0 0 o 0 0 

24 26 28 30 32 34 36 38 40 42 44 46 48 

DB 

Fig. 10 -Ladder type voltane control. 
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necessary to calculate the value of 

Ro. From the fundamental equation 

of the transmission unit, 

db = 20Log E1 /E2 (where E1 = 

Input voltage, E2 = Output Volt- 

age.) 

db = 20Log R./Ro (because, 

since E varies directly as R, 

the ratios are interchange- 

able.) 

Log R./Ro = db /20 (Rearrang- 

ing.) 

db = 48; R. = 50,000 

Log R./Ro = 48/20 = 2.4 

2.4 is the Log of 251.2 (from 

tables. ) 

Therefore R./Ro = 251.2 

Ro = R./251. 2 = 50, 000/251. 3 

= 199 ohms, the value of re 

sistance in the output cir- 

cuit at minimum signal level. 

The value of resistance to add 

in the next step to give a signal 
voltage increase in the output cir- 

cuit of 2 db must next be determined. 

Referring to the original equation 

and using Ri to represent the total 
resistance in the output circuit at 

the 2 db step, 

Log Rx /Ro = db /20 (Since a 

db gain is desired, db is 

replaced in the equation with 

its equivalent, 2.) 

Log Rx /Ro = 2/20 = .1 

. 1 is Log of 1.26 

Then R R 1.26 1 
x O 

and R. = 1.26 Ro (Ro from 

the previous calculation = 

199 ohms.) 

R = 1.26 x 199 = 250.7 This 

is the total resistance between point 

X and the 2 db tap. The resistance 

added to Ro to permit the 2 db gain 

over the minimum signal level will 

be, 

250.7 - 199 = 51.7 ohms. 

The value of the next resistor 

is computed in a smaller manner, 
using 4 db in the original equation 

above instead of 2 db, and then sub- 

tracting from the total calculated 

resistance the resistance between 
point X and the W db tap. In a simi- 

lar manner the resistance of each 
resistor in the volume control may 

be calculated. 

A more simple method of calcu- 

lating the resistance between taps 

after R is determined is as follows. 
O 

In calculating R 
0 
it was found that 

R. R 1.26 1 

1.26R = R 
o x 

where Rx = Ro + R1 

then 1.26Ro = Ro + R1 

1.26Ra - Ro = R1 

.26Ro = R1 

Each added resistance will then 
be 26 per cent of the total resist- 
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ance between point X and any given 

tat. Thus 

RI = .26R0 = .26 X 199 = 51.7 

ohms 

R2 = .26(199 + 51.7) = 

.26X250.7 =65.2 ohms 

R9 = .26(250.7 + 65.2) = 

82 ohms, etc. 

This method reduces the calcu- 

lations to simple arithmetic and 

avoids reference to log tables after 

R is calculated. 
o 

By using the procedure as ex- 

plained above it will be a simple 

matter to design any desired type of 

volume control. It is only neces- 

sary to determine the total resist- 

ance to be used, the number of taps 

it is desired to use, and the db 

variation between taps. Where an 

almost continuous variation of vol- 

ume is desired the variations should 

be in steps of not greater than 2 db 

each. 

If one of the resistance units 

in a volume control in use should 

open up and require replacement it 

is only necessary to calculate the 

total resistance between point X and 

the tap below the break and between 

point X and the tap above the break. 

The difference will be the value of 

the resistor that must be replaced. 

The type of volume control explained 

above is suitable for use between a 

transformer secondary winding and 

the input of a vacuum tube where the 

tube input impedance is very high. 

It is sometimes necessary to insert 

the volume control elsewhere. as be- 

tween a telephone line and a trans- 

former winding, or between two trans- 

former windings, where the imped- 

ances on each side of the volume 

control are comparatively low, and 

where for undistorted energy trans- 

fer it is necessary that the imped- 

ance facing each end of the line 

does not vary with volume control 

adjustments. In such a case the 

volume control should consist of a 

variable attenuation constant im- 

pedance attenuation pad, either of 

the T or H type. 

The design of such a pad, while 

the calculations are quite tedious, 

is not particularly difficult, par- 

ticularly where the pad is used, as 

it should be, between equal imped- 

ances. Fig. 11 shows a variable 

constant impedance attenuation pad 

for use between two 600 ohm imped- 

ances. The total attenuation var- 

ies from 0 to 20 db in 11 steps of 

2 db each. This is an H type pad 

in which five sets of resistors are 

required. Five contacts rotated 

simultaneously from a common shaft 

vary all pad members at once. The 

upper row of figures designates 

the attenuation in decibels, 2 db 

per step. The other figures de- 

signate the values of resistance 

between contacts. 

It should be noted that in the 

circuit of Fig. 11 provisions are 

not made for center - tapping the Y 

or parallel resistor to ground. 

If such an arrangement were re- 

quired, it would be necessary to 

use another set of resistors; that 

is, the Y or parallel resistance 

should be divided into two sec- 

tions in which each resistor in 

each of the two sections would be 

one -half as great as shown in Fig. 

11. One end of the two sets of 

parallel resistors would be con- 

nected together and grounded and 
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the two contact arms would decrease 

the parallel resistance in equal 

amounts with respect to ground for 

R1 

Input 

Z1= 600 ohms 

lo 

INPUT EQUIPMENT 

Fig. 13 shows the commercial 

form of volume control of the ladder 

type. Fig. 14 illustrates a vol- 

o 

Fig. 11.--Variable 

Output 
Z, = 600 

ohms 
o 

Attenuation 20 DB in 
11 steps of 2 DB each 

type constant impedance pad for use between 600 ohms lines 

or impedances. 

each increased step of attenuation. 

The circuit would then be as shown in 

Fig. 12. 

Volume controls of this type are 

commonly used on high grade speech 

control panels in broadcasting sta- 

tions and in public address systems. 

ume control of the T pad type. In 

this model only one of the series 

resistance members and the parallel 

member are variable. In the H type 

attenuator the unit is somewhat more 

complex due to the necessity for 

simultaneously varying a greater 
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number of resistances. 

In broadcast transmission it is 

very desirable that all volume ad- 

justments of the actual program be 

made at the studio control and not at 

mitter are kept at these set- 

tings it will only be necess- 

ary for the studio control oper- 

ater to deliver a signal within 

the measured limits in order to com- 

Fig. 12.--Circuit showing a grounded center tap on the variable type constant 

impedance pad. 

the transmitter. A program signal of 

sufficient amplitude to over -ride 

line noises is placed on the wire 

at the control room; at the trans- 

mitter both the signal and noises 

are attenuated by means of an atten- 

uation pad. The signal is then fed 

into the speech amplifier which is 

provided with a volume control as 

explained above. This volume con- 

trol is so adjusted that at the 

peaks of the program signal the 

transmitter is modulated at the 

maximum desired percentage. If 

all the controls at the trans- 

Fig. 13. -Commercial ladder type 

volume control. 

pletely modulate the transmitter. 

The adjustments at the trans- 

mitter should not require further - 

change except in the case of emer- 

gencies, such as greater than normal 

line noises, etc., where it becomes 

necessary to change the signal level 

placed on the wire at the control 

room, or where radical changes are 

made in the voltage applied to the 

transmitter so that the former ad- 

justments would over or under-modu- 

late. All normal volume adjustments 

during a program should be made at 

the studio control room. 

Fig. 14. -T pad type of volume con- 
trol. 



LINE TERMINAL AND INPUT EQUIPMENT 

EXAMINATION 

1. (A) What is meant by the `transmission unit'? 

(B) On a power basis what does 1 DB represent? 

(C) What is 2 VU? 

(D) What voltage ratio is represented by 4 DB? 

2. Why is it essential that the impedance of the line terminal 

equipment be matched with that of the line itself? Under 

what conditions may the characteristic impedance of the line 

be neglected? Why? 



LINE TERMINAL AND INPUT EQUIPMENT 

EXAMINATION, Page 2 

2. (Continued) 

3. (A) What is an attenuation pad? Where is it used? 

(B) Show by sketch an 'H' type pad and a 'T' type pad. 

4. What is the difference between a balanced and an unbalanced 
attenuation network? Why should a system be grounded? 



LINE TERMINAL AND INPUT EQUIPMENT 

EXAMINATION, Page 3 

5. Show by sketch how you would transfer signal energy from a 

500 ohm ungrounded line to an amplifier having an input 
impedance of 300 ohms. One side of the amplifier input 
is grounded. 

6. Design an 'H' type pad to have an attenuation of 15 DB be- 

tween impedances of 500 ohms. 

7. Design a T type pad to have an attenuation of 10 DB between 
impedances of 600 and 300 ohms. Draw equivalent circuits 
and prove your work. 



LINE TERMINAL AND INPUT EQUIPMENT 

EXAMINATION, Page 4 

7. (Continued) 

8. Explain the principle and operation of a line equalizer. 
Using a capacity of .15 µF design an equalizer for equali- 
zation up to 10,000 cycles. Show sketch of circuit. 



LINE TERMINAL AND INPUT EQUIPMENT 

EXAMINATION, Page 5 

8. (Continued) 

9. (A) Where is a mixing circuit used? What are the essential 

characteristics of a good mixing circuit? 

(B) What are the characteristics of a good volume control? 

Why is a logarithmic calibration used in such controls? 



LINE TERMINAL AND INPUT EQUIPMENT 

EXAMINATION, Page 6 

10. Design a ladder type volume control having atotal resistance 
of 40,000 ohms and a total variation of 30 DB in two DB 
steps. Sketch circuit showing value of each resistor. 




