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VOLUM~ CONTROL IN VOIC~ CIRCUITS 

T 
aud DpJlnralu8 for con-

[~ r devol'p""n. or 0;<0";,, 

trolling the volume or 
,)ower level ill voice traDS

Illi8~ion circui li! haa been 
II grad ulII and inleresting olle. In the 
modem broadcasting 8latioll, sound 
trauscript ion, alld talking Illotion pic
lure 8t lldioJl., the control of the power 
level in practically all of the audio
frequency circu.i18 is accomplitheli by 
attenuation ne tworks built up of re
sisti ve I.ranch es. 

It i, poss ible, of couree, to regulate 
power level by cha ngi ng the efficiency 
of a circu it element Pilch 118 the mi· 
cropliollc or olle of the (,mpIi6ers. An 
affect of this sort can be realized by 
" lIryi n @: th e biasin g voltage of n oon
denter micro phone. by n change in 
the dirl'ct current throu gh tllp carbon· 
button mi cl'Ophone. or by regulatin g 
the platc [lnd grid voltages of some of 
the Il lllplifier tubes. This, howel'er. is 
olwiou.dy not good practice because 
nll l'uch {' Ie llll"'nts :Ire dce.igned to gi\'f' 

th e mo&t drective pcrrormnncc by lack 
of di8tortion. lowest nois(' level, etc., 
IV'ith fixed electrica l values. 

Re8i~fiv{' ne tworks ean be designed 

to introducc no dislortion of thcm· 
scl\'cs and 10 give at ollce precise and 
a lm081 floiselelli! ('OlIlrol of umplitude. 

A typical I,olume control problem 
that is encoulIlered ill a broadcasting 
or sound studio might be outlined 
Jlo ill cthin g likc this : 

II is desired 10 control the power 
oUlput of three studio microphones 
uno Pil incoming telephone line 80 
that anyone of the group IUny be 
operated inde pendently of the other. 
li nd 80 that Iwo or more lIlay be 
worked sinlllltau('olls ly into n hi !;h. 
ga in speech amplifie r. This colh for 
n " mi.l:er control pancl" on which arc
moulltcd four resisljve attenuation 
networks of suitable design. ThC!lC 
nrc termed "mixers" and h nve two 
important e lectrica l eharacteristi~. 

One is thut they have a constant im· 
pc-dullce 3S !leC" from its output and 
Ihe ot her that they inlroduce no ex' 
traneous Doise inlo the circuit. Figure 
2 "how! the diap-am o( Slirh a cirrllil. 

The mixer controls are of Ihc L 
type. Attenuation is llccomplisbed by 
(Irerenll ing tile shunt resistance at thc 
MlJIe time incfCn"in g the srries re"ist· 
a lice by a compensating amount. The 
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FIG\JHE 1. GCllcral II lIlI io \OI UlUe cuulrj, l ~ for r""or,lin j! and hrOlHlcast ~ t udi(l u"". AI 
the right. Ilw TYI' !; S52 \ ' olume Conl rol; al lhe Idt, Ihe '{',. I'Y. 652Yol"tIlc COInlrolwilh 

iI ' dUlIl f'(,n:r. knol), ami dial n: tIlo"c,1 

two IIwitch ar lU lI move togelh l'r alltl 
the resistances that they cover for n 
given angular rotation of the I!.haft arc 
110 chosen that there is no ch ange in 
the output resistance of the combina· 
tion regardleM of thejr position. This 
iii very important becausc if the out
put impedance did change, all of the 
remainder of the uniL3 would be work· 
in g into au impedance which va ries 
with the e<l tting of one mixer. Thus 
their combined ouq)Ul levels would 
be- affeet.ed by the setting of anyone 
control. 

The impedance of un lrtypc control 
on the microphone inpnt side varies 
widely. TIlis, however, is not im· 
portant beca use it !!i mpl y changes the 
rcltectioD 10M at the junction between 
the microphone and mixer. Since this 
10M is taken into tlceonu t in a prop
crly designcil C.-type nel.work, it is of 
110 further concern. 

In Figure 2 the impedance of the 
conlrols is ~hown al! 50 ohms, th (' four 

CQlHlcct,ed in serie ... givin g n tota l illl' 
p CdllllCC of 200 ohms. It is nearly 
a]wIIYs. ncceli8ary to h 'lVe, ill the ci.r· 
cuit fo llo\\'io g the mixers, a mastcr 
ga in conlrol. T his is 10 regllJnte thc 
lcvcls of all of the speech sources 
together. The customary nelwork for 
thi s wo rk i ~ tLII' H-type illustrated. 
The I-I· t), pe iii chosen because it is 
pOlls.ible to obtnin good balance to 
ground of the mixer circuit and the 
speech amplifi er. Thi s balance tcnds 
to eliminate to 8 great extent pickup 
,lIl d eroslI-ta lk 1I0is.es in the leads from 
the mixer circuit . If the leads are not 
too long, or j( the studio alld conlrol 
rOOIll II rc frce from power line dis· 
lurbal1t:es, a T.type nctwork may he 
uiled. Doth I.he H. and T.trpe nct· 
work!! have a consl.allt. impedance ill 
both Ilireeti oll.!'. Thi s is also impor. 
lant, heca usf' 1111' speech lIlIlplifier is 
designed 10 work from onc definite 
impedance. A ch ange from this im· 
pedance is upt to ca lise frequency di ~· 
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crimination:ll the input lrall!!.formc.r. 

The iml)cdance of th e comp lete 
mixe r ci rc uit is 200 ohms. The illl
I)cdancc of the maste r gain conLro l is 
200 0lu1I8 hath 31 the input and out· 
filii , alld the speech amp lifi er iii dc
lIigncd to work (rolll 200 Oh1ll8. ThUl~ 

perfect impednll cc matching ha s been 
uccomplishctl throllghollt th e cirellil . 
Tile mixer impedance of 50 oh mll llud 
Ihl' Rillplific r impedance of 200 ohms 
h ave been selected merely bCCIiUllC 
they arc common values. Th e 1I!-1101 

uutput imJledance of the microphone 
circuit is 200 ohms, The proper im
pedance-matching transformcr bc
Iween this Imd dI e 50-ohlll mixer hus 
been indica tcd in Figure 2. Ir it were 
dcs irllble to eliminate these Irnlls· 
formcl'! 01' to work a t II higher im· 
pedance, 811)' 200 ohms, the 1I1iXCr8 

should be designed for this impe· 
dallee aud cOlllleeted iu the serics· 
parallel nrrllll geme ni. That is, II pair 
of 200'011111 mixers conllectcd ill series 
wi ll II/we an impeda nce of 400 ohms, 
lind two puirg cOllDected in parallel 

will ha\-e II resu.ltin g tolal mixer jlll_ 

pedance of th e desired 200 ohms. The 
usual impedallcc of te lephone liues is 
about 500 ohms, therefore, a suitable 
impeda nce. mat chin g trtlllsJorluc r is 
rf'quired here. 

}\ s tlistin gui i!hed b)' mcchlluielll COD' 
struction there nrc two gcncrlll types 
of volume con l1'o ls in lise. The first 
i ~ OIlC ill whi ch the rcsistu ncc is 
nUHle co nt inuous ly varia hlc hy II liding 
switch cont acts (.erMS wound wi re 
resistors ill the lIJalillc r of u potcnti
ometer. The odler is olle in which the 
(,'Ontrol is constructed of a number of 
small fixed resistors cOllllceted 1.0 suit
ahic fixed contaCli!. J\ switch ann COD

ueets these co ntuct@ in the proper cir
c llil. a rran gcmcnt [lUll changes the 
ntlCllUalion by discrele in tervu ls. Fig. 
ure 1 iUustrates a !Ja lant:cll·H nel
work of tile laller type. Each (,'Ou· 
li t ruct ion h as its own particular ad
vDntagee. In genera l, th e coni act type 
hall a lower Doille level, ooin g bctween 
6 and 15 decibels below the slide wire 
contro ls. It h us n 11Irger contact sur-
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1'", 1 IlIi: 3. This dr""il iii ~"<) UIUl()U in 
nobler in>!.\" llali(.on8 

,: , 

face fOI" the swi tch aud a switch prop
erly dL'Signcd will .... ' ipe the contacts 
dean of a<:culUulated rlusl. T h is is of 
particulnr lId,'anla gc ill sound record
in g work where every effort is Illade 
to reduce c.-..:trtmeo lls noi se t.O the abo 
s01 ute minimum. The calibration of 
a step-by-step contr01 can be made 
very accurate without di ffi culty, and 
read in gs can always be exact1y re
pcutcd. This is important when the 
over-aJi efficiency of t1lC system is 
c~ hec.kcd frequently. It is also \'uLuablc 
to be ab le to do this so that the change 
in effi ciency or t11e syetem lIIay be 
accurately c.hecked wh en an alteration 
is mnde in one of iii! uni ts. 

A step-by-step auc.n uutor should 
h,l\'e a considerable number of dis
crete steps in order to aU ow for accu· 
rate adjustment of the level. The av
erage car caD detect (I volume change 
of about two decibeli!. It is reasonab le, 
th en, that a cha nge per step of this 
value or a little less shou ld be about 
correct for a control in a voice circuit. 
The TYPE 552 Volumc Control illus· 
tra ted in Figure 1 has twcnty steps of 
onc and one-half decibels cacho 

The step·by-step Iype is almost Wli· 
\'crsaUy ul!ed as a master gaj n con
lrol. As was mCllIioned previously a 
relatively complicaled fl- or T·type 
network i8 used in Ulis pos ition. It is 
of the grea test importance that no 
railure occur in Ihis circuit since such 
an accident would probably put a 

; : ; = = , 

bank of microphones and a speech 
amp lifi e r oul of llonlllllssion. For tills 
reason this control should be of the 
most foo lproof constructioll poss ible. 

There are a considerable number of 
difl'crclit designs of slide Ivirc volume 
controls ill gcnerul use. T hey diffe r 
il1 Ulechan ical construct ion but ne a rly 
a ll e.mploy SOUle form of the elect rical 
circuit shown in Figure 3. In th is 50 .'1 

of ci rcui t one slider A moves alon g 
a shullt rcsistanee across th e micro
pholle output in the manlier of a po
tentiomcter. Al lhc slime time a series 
1'csistance is introduced into the c.ir
c.ujt. by a sccond slider B which hel ps 
to compensate for thc decreasing im
pedance as seen from the amp lifier 
side as the switches move downward 
toward zero output. The series re
sistance a lso puts some add it ional 
attcuualion iulo the ci rcu.il. This cir
cuit, or a variation of it. IHlS Leen ill 
use for a long time and has proved to 
Ix- reasonably sutisfllctory. 

Th e principal cause of trouble ill II 

slide wire volwne control is t he noise 
which it is apt to bring into the c.ir
eui t. They are used at places h aving a 
\"C 1·y low power level and are followed 
by a large amount of ampli fication. 
For th is reason any small noise caused 
by movin g the control is immcllsel), 
increased and consequent1y every cf
f(lrt is mad e 10 keep it at It low level. 
There are four important sources of 
noise in It slid e wire cont ro l : 

1) The contact potential resulti ng. 
if the slider and t11e wire arc of dHTer· 
ellt mat erials. Un like Olcla ls placed ill 
contact wit h one anoth er in air will 
sellc ralc a feeble e.m.£. wh ich is 
enongh to be very noti ceable "nd 
anooying under some conditions. 
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2) Smull dUi!t particles gelling be
tween the slide r and the wire thus 
clI ll f!. iug a llIo JU culary increase in re
sistance or e\en a n opeD circuit . 

3) Onli nnry clCCl t'ostati c pick .. " ill 
tile winding which is UlHl:lll y int l'o
d uced by hand capacit ance. 

4) T he .Iiffc rence in pOle llt i!!1 be
tween :ulj :lcc llt turns of wire I)ro
duces a 8111a ll click as tbe slid er pro
gregsCl f rOIll o lle tu ru to tile fl eXI. 

The cont act pOlcnti :" trouhle IIUI Y 
be co rrected by using si milar 1IH'llils 
for hol h the n'/!. isl nllcc wire li nd t he 
slide r. 

A good dust cover lmd an oecn
sio m.! cleaning with carbon tetra
chloride helps 10 co rrect the diffiCltlt y 
frOIll noise due to dust and dirt. Th e 
electrical pickup can be largely c!im
illlited by n shield around the wind
ings and by 1)laciog them :t lillie di s-

" 

" -

+ 

FIClJKI'.4. The b,ltler ne t wort.. hus sen' ral 
~th ~ultages in lIIi ~er ,",ork. It iJ!. uaed in the 

lIew TYI'I! 652 Volume Coutrol.s 

lance from the pa nel so as 10 insure 
a fa ir separation from the operator's 
haml. Windill g the resistor lIliit wilh 
a Inr~e lI umber of turns of small wire 
reduces the potent ial ditTcrence be· 
tween t u.rl1s to a very low va lue and, 
if cnrried to a limi t, will prnctically 
e liminat e Ihe troub le. T he limit is 
when the wire size becomes 100 fine 
for ordi nary Iwud ling amI ,,·ear. 

T he ladder e.ircui t I11lOwn in Fi gure 
4 is adlll.irab ly suited for microphone. 
m.ixer and other volume control U ;;c;!. 

p["rO"""ANC[ tHA " "CTt"13TttS 
TYI'[ 6~Z-' ",, & YOL VIooI [ CONT " OL 

t-
____ ' 0", .. ",. _"'O" ... <=~ ... 0 ....... <T .. 

, .. ~"t CLOUC> 0" .00 ...... . 

. ..:.... __ .. " ..... ~ .... .. c~ ......... . 
~~ .. ........ ~ . .,., ...... . 

,,' ICL KK 5. Termillal itnl'.edall~8 :1t,,1 a ttelluotion ror a 200-0h ll1 ladder trpe \olntne 
con tro l 118 a runel io ll or IICale reading 
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FIGtKt: 6 . A ,I ill l rrolll a TYI'K 6.'l::! 
Volume Conl,..)1 

Thia Iype of UClwork h us been used 

for 8Om ,--' t ime ill allcnualorll of Gf'n. 
e ra I Rndio II lnndard·s igll a l gCllcrHlors. 

Its Up pliculion in n modificli form 10 
\ OhIllIC cOlilrol dc \,icee in :Hldio c ir· 
cui tll was SlIggCIIlcd by W. Hobcrl 
Dreseer of PorawOlwt NewlI, JIlC. 

It IHllI been utilized ill th e ncw Cen· 
cr:d Radio Type 652 Volullie Conlrol 
illustrated in Figure 1 ,lIul ill Figure 6. 
The elcctri cn l cliarllcteriet ieil of Ihis 
uni t :Iro showlL in Figlln' 5. Th e 
photo,cldlc,1 scale o( thc i n 81l'ul11f' n l 

is e,dibrlll cd III)proxi lll alcly ill ,I.·t' i· 
b('18 of ulleuulItion and is lil1('lIr. 

The lincar atlclluatioll 
dlllraete ri"tif' ,\ill be not· 
cd as heing parli t: lliarl ) 
desirabl e. This stra ighl. 
linc Iltlc lI\lalio l l d l aral}

teristi c eonl iuu,}s ul' 10 

ahO!!1 (lrt).li \'c dc(' iLc l ~, 

and Ih cn illc rcuses rapidl y 
:lIId uniform ly to out-(lfT. 
Thc lIIin imlllll insertion 
loss of the lH't'lork is sb. 
dccihcl~ . whidJ is I O\\j~r 

, : :, , =. 
Ihan in 1lI0 ~ t co nt rols of thi s t ~ pc. 

The out put impeda nce rClll ai ns .' 011· 

li titn t o,'er Ihc greate r pnrt of the licalc 
Il IIII drOI);IIO a min imulII o( 120 0 11ln8. 

Th!! fuel Ihat the impedance docs 110 1 

('iJ :mge from 200 ohms a t iu fill itc a t· 
tl ' lIulll ioll is va luabl e hccu usc if liC\,' 
Na l Ull it:.s. such as mi cropholl cs, arc 
~ et II I zcro output Ihey wili cause 110 
illlpcrl:tnce change in the system. 

The input illJltcdn llce v"riell around 
200 ohms witll a tolal ch ange of oll ly 
12 ohmil (rom 01045 decibels. At cut· 
off the input impednllce is 100 ohms. 
Whell work in g frOlll n mi crophone 
circuit it ie not llcceslinry to keep the 
impedance consta nt , pl'O\ridillg that 
the refl ectio n 10" i8 cOllside red in the 
calihra lion, bUI the (aci lhat the illl' 
w'Ju lIce does stay so consta nt liugges18 
thlll thc uuit Ul ay be uscd in a llY cir· 
e uit wb ere an approx imately constant 
illl(tcda ncc if) both directiOIlS from a 
(..'O lltro l is ncccli8.a rr. 

T he la<lllcl' type of m:t \\'ork rcquires 
oll ly o lle slid ing eOllt aet. Hy wil'ing 
10 tbe swi tch bY :l pi gtail COllllccl io n, 
thc slidin g co nlacl at t he " curing is 
al so e l imillaicli. The res ist ance 

ca rd on w h i c h th e 
slider 1II0,'es h:l5 a tot.:l1 
resist ance o f 1200 ohms. 
Th is hi g h relli s lnu ce 
makes it possible to wind 
th e card wi th a lurge 
numbe r of turn s of fi nc 
A.I \,lI lI cc wire. The switch 
iu c lf i s o f Ad \' an cc 
Ul ct a l backcd by a stiff 
phosphor hronze sirip to 
in sure u firm co ntact. 

ARTHUR E. THIESSEN 

'rll(' aUlhor or ,It.' furego ;", arlic!(' i~ an CJlJ; ineer ",·ilh II, ,, 
General Radio Comlj~ n ). \ olun""C(jll lrol and \vl""" .. 

• ueasurenuml I'rUIll""'1 ure 1 .. 0 of h i ~ ~pedll.h;ea 
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MI S C ELLANY 
YOUR ADDRESS AGAIN ....... So I. cav) 

hns bee ll the relurn of le llers oml 
cards sent Q UI wit h the April Ex!','r"
merlter tbat Ollr mailing rOOIU hU ll 

heen wamped. Wl' hUll hopetilo base 
the mailing l i!1 for ,his i .. .,;uc O il th ... 
re turned leiters and cnnls, bUI we 
arc deferring this action for another 
mouth. 

If YOII wish 10 contiuue rccciving 
the E.t::llcrimf!flt.I'r and hu\'c nol a1. 
ready imlicalt'rl your ilc.t' irc 10 COIL
lillOf' , piclisc do 80 (II 0 111'('. A ClIrtl 

mentioning yo ur IHlllle lind urlrlrClili liS 
it appears on the em'I'lope cncloll ing 
this issue wi ll do the trick, if you 
didu't get n le ite r or ca rd ill A,)ril. 
New readers and those rCBiding in 
CUlladu IlUl )' lIur"ly ignore thi ll lIug
gC!! tion . 

• • • 

RADIO SHOW ......... Not everyone iu· 
terested ill General Radio inlilru

Olents visited our demonstrAtion at 
the Badio Manufacturer.s' Al!Mlci ntiOIl 
Trade Show in Cbicago. It is for the 
henefit of thoec who did not that the 
following brief de8eription of our ex· 
hibil~ i ~ prescnted. 

DeHeripli,'c arlicle8 " bonl euch in· 
strument will appear in future iE!8 nCII 
of th e E:rpcrinH'IIt'/'r us well a8 in a 
serics of catalog w""I"lIlcnl8. The 
I:tttcr will Dot, all in the PlIst, be 
mailed to 1111 of o llr laboratory iustru, 
ment CU IILOlm ' r~ until 111f' fall whi'n 
ParI 3 of CaW ing F " 'ill hi' ill8 l1cd. In 
tlte meantime, cutalog supplements 
IDlly be h ad o n rC{luest. ~k for the m 
by the number( c.g. F.300.X ) appeur· 

171 

illg III Ih e e llli of ellch of the followin g 
dCt'('ripti,'c lIoles. 

Volume Controls - A 8nwll wire 
wound unit for lise as u lIIi)[mg con· 
trol in the recording or broBllcallt 
tr:llliullission ~tudio has just been (Ie· 
,'eloped. Quietnel!l!, uniform it )' of at· 
tenuation ,'ariation, ami consta ncy of 
termillaJ impedance ure its fenturi' S. 
(S"e the article in thi s i!l8l1c of 111f' 
Ex IJI.·rimcuter or scml for" F .JOo..X. ") 

Stundnrd-Signal GcnerlllorS - OIlC 

of t he IICW un its is all illexpcnll i\'c, 
yet aecurah', instrulIlcnt for mCIl I!' 
urin g rccciver aensitivil), in produc· 
lion and for maintenance work on 
high.fre(llIene), police ami airplane. 
bcacoll receivcrl!. FreqlH'ncy rilu ge : 
90-6,000 kc_; output ran ge: ).1 50,000 
Illicro\'ohll. 

The second unit wall dCl!igllcd for 
r31)id and preci5c measurement of 
u'nsitivity, se let;livit y. and fidelity of 
rCl,-eivers in the broallcau band. J1.8 
ilUport:mt applic:Hions are in c ircuit 
dcvelopment work Ilud in maki.ng 
t horough liampling 1m<11i on the pro· 
duction tillc. Output runge: 0.1 to 
3]6,000 micro\·01t8. 

Both illstruments lIrc dellcribc,1 III 

" F-306-X." 

Cathode-Ray Osciflo/JrflfI" - Til(' 
Genera l Badio oscillogntph consists 
of a lIew tube. a mounting for it. :lIul 
n power·supp ly ullit for operalillg the 
IlIlw from the alternllting-cllrrcllt litH'. 
Extrc nlf' hrillillncc of the illln gl'l!. 
IOIl g: tuhe life. :mJ alt,ern ll lin g'clIrrt"lIt 
operation a re the prilicil'1I1 fC!llurI'8. 
'Scnd for ' ·F·303·X." ) 
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MISCELLANY - Continued 
Out pilI M('t ers - Wil h t he ai d of 11 

1II0rc 8i'ua.i ti,'c IUcte r, OUI Jl UI meters 
I!i milnr 10 t he 1'yPE 486 O utput llJctcr 
IIrc now being built with impetb uccs 
o f 8,000 aud 20.000 ohms IlS we ll as 
4,OOOolum . (Send for " F·302.X.") 

frCfl llClicics of 200, 300. -WOo 600. 800. 
1000, 1600, :WOO, 3000 allli ·U){)() cycles 
I)cr ccond. (Sec " F·30-I-X.") 

f..,aboratory .4m.plifier - Open ' t ing 
from eclf,cOlIl:li nCfl <ll'y h utt (' ri"f!. tbi s 
unit h ml the stnbil it y :nul hi gh ga in 
Ilcl'f's!ary for adapt in g p hOlo·dc(' t ric 
cc lle to l)holOmClri c lUIII ol lwr m CllS' 

urClllcnL~ . (S'-nd f o r "F·301.X:') 

A udio 0 5(';I/(I/or - This is all nlter
lI ut ing-current operated ol!c i I t II tor 
with hi gh output (0.5 wall ) !:> IVIII I; 

T he CeDeral Radi o CoIDJNIIIY m ail s the EXJK'r imcnlc r , 
witho lll charge, c lle!. lUonlh to eng ineers, S('le lilis ls, IItHI 
olil f' r s inle reSled in ("olllmuUi ettlion.f,·cl lll c li cy m ea ;,.
urClll cnt nud conl rol prnhlf"lll s. Plcilse !Wild "c l!U Ce lli 
for 8u bscripliolls lIud addrc88-cballgc no liccs 10 th e 

GENERAL RADIO COMPANY 

C AMBRIDGE A , MA SSACI-IUSETTS 

=: = : = : 

TYPE 652 VOlUME CONTROLS 
for recording and broadcast circuits 

Type 652 - MA 
.50 ohms 

Type 652 - M B 
100 ohms 

$12.50 

Type 652 -MC 
.500 ohm. 

$12.50 

1:n" them und e r sc"vi('e cond itions in ) lIu r own 
studio . Then note th e low no ise level , Ihe sma ll 
8mouut o f whip no ise, the I"u gged co nst ru ction 
and the freedom from I'di l"t noil'c:' 

Your ope rato rs will l ike Ihe in fi nite tltlt.' n uu· 
tio ll fea lure and y01l1" PU ,'(OII :ts ill b" agent i:" 5111'e [(, 
like the price. 

OrJ. r . ,,,,il from Iltil pric. li.t Dr, il yo" pr.l.r, writ . lor C,t.log 
Suppl.m.nt F-:Joo·X, wlt id, conl.i" •• complet. d.scriptio" 

GE';NE';RAL RADIO COMPANY 
O F F I CES . L A BORATORIE S FA C T O Ry ....... 

CAM B R ID 6 E A, M AS SAC H US E T T S 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988
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