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IMPEDlNO:E MA\TCHING, VOLUME CONTROLS ilD A.TTENUA.TORS 

In the operation of public address systems the signal energy is trans­ 

ferred through a aerie• of coupled circuits, and for highest operating 

efficiency all ener(3 losses at the transfer or coupling points muat be 

kept at a minimum, for aey wasted energ;r has to be made up by ad.di tio:na.l 

anplification. Thia requires that the electrical characteristics of the 

genera ting circu1 t or signal source Illl.1.Bt be similar to those of the accept­ 

ing circuit or load. In other words, the impedance of the two coupled cir­ 

cuits mua t match. 

l'or emmple, if the signals from a phonograph pic�up are to be amplified 

and sent out through a loud spee.ker, the electrical impedance (combined re­ 

sistance and reactance) of the pic&-up coils mu.st match the impedance of the 

input circuit of the amplifier 1n order the. t mximum signal transfer will 

take place. SiJrJ.larly, the impedance of the output circuit of the amplifier 

must :natch the impedance of the speaker windings. 

IMPEDANCE MATCHING TEANSFOBMERS 

Since it is not alw�s possible to design the various i.mits and circuit& 

in a P.A. system to 'have similar impedance values, special coupling trans­ 

formers bave been developed that will transfer ·,he signal from one circuit 

to the other and at the 88lli.e tims D8tch the impedances so .that optinmm per­ 

fonnance results. These are known as impedance matching transformers. The;y 

cause the load impedance to appear to be of the same value as that of the 

scurce , and the source impedance to appear to be of the same value as tbat of 

the load. In other word.a, th.Bl' m tcb the impedance of the two co,:ipled c1rcu1 t• 

BO tba t 118%1mum signal transfer takes place. 

This impedance mtching is accomplished by designing the tra.nsfonner so 
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that the ratio between the nwiber of turns in the prima.:cy and secondaey wind,. 

ings corresponds to the ratio between the source and load impedance values. 

If the load impedance is leas than that of the source, the transformer will 

have a step-down ratio; while if the load impedance is greater than that of 

the source, it will have a step-up ratio. It can be proven that this turns 

ratio is ?XOmerically equal to the square root of the ratio of the source 

impedance to the load iq,edance. Expresaed in fornmla form this is: 

Turns Ratio 
_ Np = / Zp 
- Ns Zs 

In simple word.a this formula states that the turns ratio between the 

prinaey and secondary of an impedance matching t�sformer is equal to the 

a9,uare root of the number (quotient) obtained by dividing the source or 

prilJl8.1'7 impedance b7 the load or secondacy impedance. 

The method of figuring the actual design specifications of a transformer 

is beyond the scope of this text. Impedance natching transformers for coupling 

all commonly used types of unite in P.A. s7stema are mde by the various trans- 

former nanu.facturere; and since the qualiv of the output of a P.A, qstem 

depends upon the design and construction of the component parts, it is not 

ad'rlaable to attempt designing or building a,wh transformers at hoine, for the 

perfonmnce will fall far short of a transformer designed by a tra�•former ex­ 

pert in a factory or laboratory specially equipped for au.ch conatru.ction work. 

In the caae of a pure reeiatance aource or load the impedance eq;u�i.11 this 

reaiatance and the ohmic value 1.1 the aame at all frequencies. With t�nsformer 

wind112&9, however, the impedance oonlista of the reaiatance and reacts.nee of 

the windinga; and Bince the reotance will vary with the frequency", the impedance 

alao will change, beill& greater at the high frequenciea and leH at the low 

frequenciea. When impedance -.tching tran1former1 are selected for BUCh cases, 
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the prina17 impedance must al�s be chonen to natch the source impedance at 

the loweat frequency passed. At highei· f:requancies the imped&DCe will in- 

creaee. of course, but this will result only in improved performance. 

:tropedance natching tranafonnera are employed in p'Ublic addreH ayatem, 

wherever unit• or circui t1 of di:t:f'erent impedance values muat be co-upled ao 

that aigml energy can be efficiently transferred from one to the other. 

Their purpoae. it was explained. is to cause the impedance •luee of the coupled. 

circuit, to appear to be alike. They are not always ref erred to aa iq>edanc• 

matching t:ran1:f'ormere. but are generally rather named after the part of the 

circuit in which they are used or the kind of service they are perf onninc. 

Jor emmple, w1 th a phonograph pick-up an input transformer it used to 

couple the pick-up to the input circuit or connecting line. The lcind o! in­ 

pa.t tranatormer needed will depend upon whether the pick,,q> is o:f' low or high 

iq,edance, whether it feed.a directly into the aq,11:fier, or if it feed.a into 

a connecting line wha.t the operating i?Ipedance of the line 11. Special input 

t:ransf'ormer1 are avail&ble for ea.ch purpose. Sirnilarly w1 th a microphone 

--a 
11m1ke to line11 or 11mike to grid" tranaformer ii needed dependinc upon 

the lcind of microphone used. whether it f'oedl directly into the amplU'ier, or 

if' it teede into a li11e what the operating resistance of the line ia. 

With a ertall pre-amplifier a 11tube to line" tranaformer 11 needed to 

couple the plate of the t'Ube to the connecting line. the transformer depen� 

ing upon the lcind of t'Ube uaed of course. 11Lill8 to line" tran1f'ormer1 1erre 

to connect a 1tandard re11atanoe source to a connectinc line of 1tan4ard 

cba.racteri1t101, while the "line to grid" tran1f'ormer1 are uaed. to couple a 

feeding line to the grid or grids of the input tub11 of the amplifier. 'l'hen 

there are variam typH of' intermediate coupling tran1former1 uaed in catcade 
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amplifiers to, couple the plate circuit of one tube or of two tu.bes in pusr..-pu.11 

to the grid circuit of the following tube or tubes. The transformers needed 

will also depend on the kind of amplifier system used, etc. In the amplifier 

output system suitable impedance matching tnmsformers are used to couplD t;·:£: 

plate circuits of the tubes to the spea.lcer or to the distributing lines and 

from tnese lines to tne speaker voice coils. 

IliPUT VOLUME CONTROLS 

Input volume controls, sometimes also called attenuators, serve to regulate 

the signal voltage at the input to the amplifier so tha.� the proper volimie is 

obtained from the loud speaker system. Sigml.ls from different sound sources, · , "' 

such as pickups, microphones, or detector tubes vary greatly in strength, and 

mu.st be br011ght down to the proper level in order to produce the desired out- 

put volume. In some installations these input controls are most convenient� 

located at the saund soi.u•ce and in others directly at the input to the amplifier, 

depending upon the mture of the installation. 

J\.n important point to observe in the selection of such a vo�lme control 

unit is that the terminal impedances be properly im.tched, for if the impedance 

relations are upset, optimum signal transfer will not take place and the 

operating u:.:'f!cieD.C"J will be greatly impaired. In other word.a, one side of 

the vo1�.11ne control mu.at im.tch the source in impedance and the other side the 

load. 

The simplest form of input volume control, though also the lee.st satis­ 

factory, is a rheostat or variable resistance across the lines cozmecting the 

saund source to the load
1 

as is illustrated at A in Fig. l. Su.ch a rheostat 

serves merely to shunt out soce of the signal energy. and for every setting 

of the rheostat the impedance values are changed and frequency distortion 

sets in. The general effect is to reduce the higher frequencies more than 

the lower, in other words, the lower tones appear accentuated. 
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A somewilat better method is a potentioneter connected ·across the •o-�rce a1 

shown at B with the sliding contact going to the load. This gives a constant 

impedance across the source, but the input impedance to the load cl1&nget and 

therefore also introduces aome distortion. Thia system is used eztenaiTe� 

with phonograph piokllps. 
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Circuit connections of various types of input volume controls. 
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The best arrangement of the simpler input vol,.llile control systema 11 the uae 

of a dual resistor unit as shown at c. Here t?ro similar resistors are used, 

R-1 and R-2, with a sl1 der that makes contact with both. The same plan ii 

illustrated at D, except that the resistors are shown differentq. Volume ia 

increased by moving the slider up or in a counter clockwise direction, and 

decreased by moving 1 t downward or in a clockrise direction. J'or an;r poai tion 

of the slider the combined value of section 1 to 2 of R-1 and 1ectiona 5 to 6 

of R-2 always r8!I81n the same, which means tlle.t a constant impedance 11 alwayw 

connected acroas the source. Similarly, the total resistor R-2 is al�• con­ 

nected across the -load, and therefore, the load impedance ia al�• constant, 

This type of control is comnon� referred to ae an L-pad attenuator, for if drawn 

as illustrated at E th e  reeia�ra are at right angles and form an inverted ·L. 
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When·the slider .:i.s' ·at the tcip'.'(in the extreme counter clockwise podtion). 

the sign!\l voltage i� imp�essed across all of r·esis.tor B-2. and the volume is at 

maximum. 
. : ' -; ,))_· ' .  !  ,. ' . . •  ;. · · t ' t:  l.. • • •  

As the· slider 'i·s ·moved downward ·or ·clockwise, the stgnal volt.age 1B 

•  ', ·-·. 1 · .  )· .• · .• � :·. i "' .. f f .  f  •  

impressed a.cross secti'im··l"to .. 2 of :a.-i and ·aection'5 to 6 of R-2, and only part 

of the signal voltage is impressed into the load. At the bottom or extreme 

clockwi.se posi ti<?n :the Bie?38l is impressed across all of resistor B.-1, and the 
• ·� ' I 

load is complete?,i.out of, the circuit,  that is., volume is at minimum. The 

values o!-<B,·l and. P.,..2-� �'F co�se, nust be chosen so that they approximte the 
,··t 

impedance of the source and load as closely as· possibl�, 
THE T-PAD ATTENUA.'IOR 

, 

A further-improvement in vol'Ulne control design for maintaining the proper 

impedance relatio� at different settings is the T-pad atteI11Jator illustrated 

at J' in the· diagram· of Fig. 1. This type of unit employs three resistors with 
sliders operating on all three from a conmon shaft. An equivalent arrangement 

showing how the respective resisto.rs .fit. in_ each circui.t is shown at G. The 

values . .  of R-1. al'\<i- R-3 ar.e choaen so that_ they will match the impedance of the 

source, f'lld t�e�� val�es in turn lf,111 .. de�ermine the impedance of the load, as will 

be observed a. -�d.tt}..,�).�ter. 

Vo·lums., �s con�rol;l.ed by shi:fting the slider S up or down. With the slider in 
�... •• ,ja • • N• • • '  •  �  '  

: • 1 

the uppenno .. t poe,_itiQZtt.. Resistor R-1 is cut out and the entire signal voltage 

is built up_a;cro,_s .�3� �u� since all (!f R-3 is also in the load circuit, R-2 

being completely .out, �11 signal voltage is transferred from the source to the 
l - • . .. . � • • • . l . 

load and: VP.11.µlle. ia ,at muimllm. AS the slider is moved downward, pa.rt of R-1 
I ,; : • • ': • '.} • • • ', ,· • 

is cut �nto the.:,c;rc�t and.pa,rt of &-3 is cut out, the result beill8 that less 
•  'I  '  .� • • • :. • • • ; • ' 

signal, volta.ge. is Qiµ� t. up -'-�:ro�.s R-3 and imparted to the load circuit and the 
• • • • • • •  c  • •  '  •  \  ·:· ·, ' . '  • •  '. • • • •  

vol'.l2ne,·is reduced • .  I�., the lo"'ermost position all of B-3 is cut out, no signal 
.  .  .  '  ,. ,•. '' � . . . . . . 

. - . 

volt.age, i s .  ��n�ferred to the t��· and the volume is at minimum. 
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MIXING. CONTROLS 
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Fig. 6 
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Circuit connections of varioua types of input fade.rs and mixing control. 

When two or.�re sound sources are used as separate channels feeding into a 

coumon inpu.t line, a ?XWnber of T-pad attenuators are general]¥ used connected 

in aeries. For example, in Fig. 2 two 200-o'.Qm channels are employed. Two 

200..0!lm attenuators are., therefore used, separate]¥ operated and with the ii.­ 

put of one attenuator connected across channel N o . l an d  the input of the other 

att8DU&tor connected across channel No. 2. .la far ae the inpu.t aides are con- 

earned, each attenuator ia independent of the other, and for 8.JV' setting the 

net impeda�• acroas each cbannel is alwaya constant. The outpnt sidea o! the 

two atte�uatora are connected in series, and therefore, the outpu.t impedance, 

a, well a, the i:aipedance of the line to be fed, is 4CX> obma. For &1J1' aetting 

of the two att�tors the combined output impedance always remains constant 

at 14oo ohms. 

A further atu.djy of the diagram will show that either channel can be 
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operated at maz1mmB or partial vol'llllle and independent of the other. Also, the 

two channels can be operated simultaneousl.,y, one at low vol'ume in the background 

r> 

and the other at nearly full volume. For eJample a. cut-in announcement rray 

want to be made during the presentation of a musical selection, and yet the 

111U.sic ia to reUBin in the background. Numerous other conditions may arise 

where such an arrangement is desirable and convenient to have. 

TBB 1.ADJIR AS A MIXING CONTROL 

When two sound sources are used and 1 t 1• d�Birable to be able to pass 

amoothly from one to the other without an abrupt brea.lc ae occurs with an ordinary 

throw-over switch, a fader or mixing control is employed. For example, in 

Fig. 3 are shown two phonograph pickups connected. thro� a so-called "straight 

fader"• This fader consi e ts merely of a definite value resie tor with a tap at 

the center and a slider S moving over its entire length. The high side of pick.­ 

up No. l is connected to one end terminal A of the resistor and pickup No. 2 

to the other tenniml :e. The low sides of the two pickups are connected to- 
� 

gather and also to the center tap c. :By rota ting the slider either pickup can 

be c-u.t in at aey desired vol'wne, and the fader can also be made to serve as 

a volume control. 

Vii th the slider turned clear around to tenninal A.-f'ull signal vol ta.ge 

from picku.p No. l is impressed across the priI!ary P of the coupling transformer. and 

volume is at naximum. Signal flow is from the piclo1p to terminal A, thro1.igh 

the slider and transformer primar;y to point D where it re-enters the pickup. No 

signal from pickup No. 2 can reach the transformer • .A.a the slider is moved to- 

lf&rd c, less and lees of the signal is impressed across the tra.nsfonner, and the 

volume is reduced. When the slider reaches point c, no signal voltage at all 

reaches the transformer and both pickups are silent. 

When the slider is moved beyond C ,  pickup No. l is entirely c�t out and 

part o'!' tr.e signal fron, Pickup No. 2 i1:, impreesed across the transformer. .A.e 
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the slider is moved further, the volume from pickllp No. 2 incree.ses, and when it 

reaches point :B the full signal is impressed across the trana:t'ormer prina17 

and the volume is ae,ain at uaximuxn. Operation can thus be shifted smoothly and 

without aey abrupt break from one pickup to the other, end either pickup can be 

operated at arcy- desired volume. When more than two sound sources are used, it 

is custc,mary practice to use T-pad fa.de.rs, for wit.h these better matched 1m.- 

pedance relations can be uaintained. 

The T-pa.d fader has the advantage that with it constant impedance relatiorls 

can be maintained in bot� the source and load circuits. For eXRU'q)le, in Fig. 4 

are s:hown two pickups of a. dual turntable installation, each feeding through a 

T-pad fader i.nto the priDary of a line to line coupling transformer hav1Il€; a 

500-or.:m pri�ry impedance and 5�hm secondary impedance. :By- turning the con- 

trol knob in a clockwise or counter-clockwise direction, either pick.up can be 

operated at a?zy" desired volume. 

If the sliders (all operated from a single shaft, of course) are moved clear 

'  

up, clockwise, the upper pickup is in operation at tmxiimll11 vol'llr.le, and. the 

lower piclaip is completely cut out. All ·of resistor 2 is cut into both circuits, 

and a 500 ohm irupedance exists across the source and. load. As the slid.er is 

moved downward, counter-clockwise, part of resistor 2 is cut out, but an equal 

portion of l a n d  3  is cut into the circuit, so that the total impedance across 

the source and load al\'Va.YB rerre.ins constant. In the Ziliddle or zero position, 

ralf way down ea.ch pickup is cut au.t of the load circuit and beth turn tables 

are silent. As the aliders are moved f'urt�er downward, counter-clockwise, the 

lowe1· pickup is gradually cut in, and in the extreme position it  operates at 

full volume. And. for each setting the total source and load impedance are al�e 

the same. 
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THE SERI� MIXER 

The aecondaey of the coupling transformer in l"ig. 4 in turn is one of two 

50-obm channels coiJpled through a aeries mixer to a 100-Chm impedance line. 

Such an arrangement would be UBed for imking cut-in announcements between re­ 

cords, etc. Each 50-ohm fader, of course, is operated from a separate dial 

and shaft. ll:1 ther fader can be set in any position. l'or uaximnm volume tram 

a turntable piclmp both fader• are moved cl� llpe Thie renders the lower 

50-ohm channel silent. If no announcement, are to be made while operation 18 

being shifted from one pickup to the other, t h i s •  tting i s  not changed. How­ 

ever, i:f' acy announcement 1• to be nade between records, both sections o:f' the 

aeries mixer are moved down. This permi ta IIQXiumm volume for the announcement. 

If an announcement is to be made during the p�ing of a record, the upper 

section is moved down only part ways but the lower section clear down. This 

leaves some music in the background, and permits the announcement to be D8de 

at normal volume. 

The entire installation thus incl udes three controls: the first is the 

T-pad fader for quietly shifting from one turntable to the other (two groups 

of three slid.ere operated from a cemaon shaft), the second is the T-sha.ped 

attenuator for regulating the input from the turntable line, and the third is 

the T-pad att.erxuator for regulating the input from the other line (microphone 

channel, for emmple). The second and third controls are electrically con­ 

nected in series but are independently operated mechanically. 

In Fig. 5 is shown another arrangement of a series mixer. Here there are 

four 50-ohrn channels each coupled through a T-pad attezruator to a single out­ 

put line. Since the output sides of the four attenuators are connected in 

series, the impedance of the output circuit would be 4 x 50 or 200 ohms. I:f 

this output line is later on connected to some form of coupling transformer. the 

prilmi.ry of this tranaformer m.1t have a 200-Cbn impedance rating so that proper 
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circuit matching will al,rays exiat • 

.Another series mixer circuit system is illustrated in Jig. 6. Here are 

shown four familiar types of input channels. The first ii from a 2-button 

microphone connected to a suitable microphone input transformer ba.Ving a 200-01:Jm 

impedance secondary. The second channel ia from the detector of a radio tuner 

also coupled through a suitable input transformer having a secondary impedance 

of 200 ohma. The third channel is from a high-iII:pedance phonograph pickup 

similarly coupled through a special trans! ormer • and the fourth cl:l!.nnel is a 

500-ohn line feeding probably from some distant point. The coupling trana­ 

former, in each case has a 200-ohm impedance secondary and all four input cir­ 

cuits are controlled by a T-pad attenuator of 200-olmaa. The load sides of 

these attenuators are connected in series, and the pril:Ia:cy impedance of the 

min input transformer 1111st have a iialue of 4 x 200 or 800 ohms. 

The particular circuit arrangements used in 8.J:J7 case will1  of course, de­ 

pend upon the requirements of the installation. The various types of coupling 

transformers U8de by the different :mnufacturers generally have tapped wind­ 

ings so that th�7 can be adapted to circuits having different inpedance values 

as determined by the number of input channels employed, etc. In :fig. 7 are 

shown two other input systems as recommended in the Thordartton Sound Manual. 

J.. is for mixing two microphones that are to be opera. ted through a single 

amplifier. Fe.ch microphone can be faded in or out independently of the other. 

B shows a comnonly used input combination consisting of a microphone and a 

mgne tic picku.p. E1 ther input channel can be controlled independent� of the 

other. J>.. crystal pickQ..p can be substituted for the high impedance tn,e illus­ 

trated without requiring arzy- circuit alterations. 

FIXED T-TYPE ATTENUATORS 

Fixed attenuation pads consist merely of a network of three fixed resistora 

r> arranged in T-type fashion, and are used in input circuits that are of too high 
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level for convenient or satisfactory volume control. Such :tiXed attermatora are 

connected between the sound source and the adjustable input fader, and reduce 

the signal source sufficiently so that II8Xinrom desirable volume from the spe,Jter 

is obtained without having to set the fader in too low a position where faultT 

operation is likely to result. 

Fixed attenuators are also iised·when two sound sources of wideq different 

levels are emplo�ed. For example, if a microphone and a phonocraph pick-up 

are connected to the input of an amplifier, a fixed attenuator would 'be used in 

the pick.up channel, for ita signal voltage output is far a.bow that o! the 

microphone. '?he fixed attenuator will then bring the two sotmd i:oput level, to 

nearly the same value and a more desirable relation is mintained between tha 

settings of the volume control• in the two channels. These :fi.Xed atten:oator1 

are available in standard form in 200 and 500-0bm impedance •luea, and with 

attenuation con1tant1 of 5, 10 and 15. 

ELECTRAD T-PADS AND LINE-ATTENUATORS 
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T Pad Attenuator 
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Th- type,, o( attenuator control, made by Electrad, Inc., New York City. 

F I X E D  ''T" 

"T" T Y P E  A T T E N U A T O R  C O N T R O L S  

T-type attf'.nwttor of the tap-switch variety with wi.tt wound reeUton, made by Electrad, Inc., New York City. At the right i, ,hown a fixed 

T-type attenuator. 

Leason 59 Pace 12 


