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ffionnofe Aenpliffer
For Broadeasters

The comDact, lightrreisht amplifi er

shown above is built to the highest

broadcast standdrds. At right is a

rear vie\! of the unit \r'ith its cover

removed to show the layout of parts.

HEN the number of r.emote
broadcasts at WHRV in
Ann Arbor, Michigan, began
to ilcrease lapidly, rvith

some on the same day from points as
far as 30 miles apalt, an additional
lemote amplifier rvas needed.

A compact, lightweight, t{'o-chan-
nel unit could meet the requirenents
of over 907a ol all remote broadcasts
handled. The bulkier four-channel anr-
plifiet was needed only for the fe*'
tnore elaborate pickups \\'here three or
four microphones were actuall]' used.

Since practically all renrote ampli-
fiers on the market nox' nreet Fll
broadcast standards, this amplifier

should al-o meet lhcsp srarJrr'1. ir
full-range frequency response, lou'
noisp, and lolv dist(r'tion. Fig. 1i- a
schematic of the amplilier.

The amplifier is basicalll- a thlee-
stage, resistance-coupled cilcuit. lIix-
ing is accomplished in the los'-level,
lo$-impedance primary ci.-.cuit of the
input transformer with two attenua-
tor's. These constant-impedance T pads
ar.e designed for' 30-ohm input aDd
30-ohn output impedances and have a
:-db attenuation per step. The lesistols
R1 and R2 maintain an elTer:tire 30-
ohm :nrpe.iarte -she: t-.,,a aiiE:r'.iat,: r'j
are used rr !a:;.1:-. Ti: ::;:: :r a::.-
ioln-er i! a i -i.r .:-.- - .. - -

By RICHARD G. FINKBEINER

-l rr.r'ef rrl ualdit|on
tot' cuttl {rr.oncfccl.sl
r-frrtlio. tftis urrif
rrilt f.rli{, r{rr"e $f
at I ni {rsI Gli t"l.'rrl-$d{

trrotrrlcrr.sti!!i_, r r'{r r.IE

gri.i inILrt broadca-.t q:alit! unit.

Low noise inpul
A tJ pe 1620 los-noiie ppntoJe is

used for the first stage of the amplifie|
to keep noise io a n'ininrum. The 1620
tube is actually a 6J? vrhich has been
hand-picked for lorv noise and micro-
phonics, and, although it costs con-
sidetabll mor'" than a rlJl,'t. u.e is
Ieconmrended.

,\ 250,00{t-ohm. 1\'iIe-..r'ound resistor:
is r.ed ar the llai. I ,ad resistol of the
" 1, : . :. :i,- .:.. i.-Lr,er'. .\ pleci-
r::r: ::r:s:,: :- n,t t.ecessar.y, but a
-:r:a. ..:-.--:,.-::t:..:::tI oi the value

r..:. a. a I'recision..:- :'
l: : - :: .-. i ::.:.,g the mastel

... ,,.r -t""p These
:-: -::i:- -.: . .r::ieDt gain to per-
r'.- :. ,-i: lelel bloadcast

Oulpui impedonce molching
: : : !4.\'aI anrplificl i.

--;- ::: :.: :-i:irut stage and is cou-
i.-: : :.- ::l:lhone line thTough a
':f' ::- : ,lJrr-ohm-lire transfolDer'
:::: - .-,:' riolation pad, For best 1e-
.r:- : .:.:::i-xiLked 6I'6, the 1621, Dray

J :r: i-:.tun(l the function of the
ii ;:: :: lri!l nrole lully, imagine that
:: :- :.:rrred and the output tlans-
i:rr::.: .::ordaly is conncctcd dircctly
[,] :i.: .:r:e. LindeI these conditions the
l.t ,r.,r' ri.ate load oD the 6F6 is lcflectel
orl'. -',Ler the lire irnDedance is 600
oi,l.. Il,r: thc inpedance of any given
iir:e r::a;, bc f?rr' abole ol belorv this
va1re. depending on its length rn{l
con(lirion and the audio frequency
beirg transnritted. This is $here the
paC romes in. Table I shorvs a ferv
ridel5' sepalated line impedances and
the load which the anplifier sees with
and wirhour thp 5-db isolation pad.

R A D I o - E L E C T R O N I C S {or
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Fig. 1-The amplifier circuit. The power supply is built on a separate chassis.



2A llroadcnslitrg anrl Oomtnunioations

--VU 
ll.,f tiplicr parti

VU L.v"t Rio Rlt Rl2(R13) (R14) ( R15)
4 B,600-ohm-serie,s re,sistanie
6
8

10 1,3u0 4,90| 5,20012 1,700 5,jt00 t.?Otjrl 2,000 5.601 2,?00 
1

1a_ l n01 __ 
j e0! z,ioo

voltage amplifiel staqes for lnaxinrrm
decoupling and fr'ceclom florn notor_
boating. Jn a,l.liLior, rhe n,^ arnl,lifi.r.
slaEp has aI i,l,liti,,rr:rl R_C occounJirq
network.

The five-conductor cable t-hich c,rrL_
nerts thp potr." -r,r 1,,r.r. r., a: ii:",
is wijel in ,lire,r ].. T1.,. .a\.j L.rolln.ctols an I nral.p.. th" ."-_ l, oi, i.._
tron lulcket,

To avoid the usnal difncuities \.irh
extension colds and theit unt'eliable
connections, a 2s-foot line corcl is s.iled
to the power supply, One goo{.1 line cord
saves a grcat dpal of t).o bleshooting
whpn l.e a.c. llop-n t senlr ro he get,irtE

the meter needle is avoided rvhen
using the cuE-pRoc&AM s\r,itch.

A seporole po\,rer supply
The porver supply is built on a

separalc cha..sis so it lrlxy be placcJ
9way llont lhe inpur tr.ansformer. lrha. nhange.over s\.irches anJ baUerivs
may he uscJ il the porver. line lails.
I wo ,0-volr ts-baller'ies anLl one 6_\olr
"hot-shot A-baltcry ar.c r(rluired for
theexler nal bartely p2sL. It is a \\.or.th_
whr le standby unit.[or er,tcrgencjes.

A INn-"ecrion filt-r \rirh rtro choke.
and four'. ralacitol's is uspd ro keel,
hunr at Ihe loNesf po-siblp lcvel. Tnchlsh filler' se.rion supt,li.s r he B.plu-
voltage lor' lhe po\vcr an.oliFet. slagc
only. Borh spctions ar'e usetl {or lhe

to the supply. It also saves calrting
extra ext en sion cor'ds.

Construclion detoils
.. An. oid aluninum-base tl,ansct.iptioD
disc is used to rrakc the Sx8x11i_ir1ch
power. supply chassis. The ix9r2-inch
aluminuD chassis used fol the antpli_
fier fits into an 8x10x8-inch cabinet. tt
is ne(ps-al.y lo space rh, I,ar.l r,, inrrr
fr'onr thc chassis to pro"i,le "t"r,r,.,.between the back of the iine s\\.itch aDd
the output transfor:mer. Thjs allo11's
the Dlicrophone connectors to ertenrlfar enough beyond the back of the
cabinet so that the lock releascs rna!
bp jcached ea'ilv. Tne cha.sii ,r r..lr
also bo "pacpd up 12 inch bv sflprr.- ir
lha boltollr Parge to ccnter the I riLto_
pl)ore. conne.tor.s in tha back o..njlr.
provided in the cabinet-

Notches ar'e cut in the control knohs
and mat keJ wirh Nhile nainr. Tl,.
rotche. allu\v the fosilion nl the knob
to be d.rctrr,ined by lou.h. White caj,r.
board stu.k is used for. tl.e nrcrer.
Iangc swifch. and lettet ing i< do.re
\\'ith India ink.

Amplifier performcnse
Frequenc5' lespoDse, toise. and cli:-

tortion measurements *,e1.e macle $ith
the aid of a General Radio noise and
distortion Dlcter.

Thp fir'sl h eouency responrp ,.11.\..\\ai ma,le \\i'hou' ilv, rse lee.lbacl: :othe anlount of correction neccssalv
'o .-J b. JcrnIr,riral. .\,,dinq a f-,i_
'1 k n."L. or-:. ,.on.i--i-e.^r R4 bId al.
_a a .. ,.r ":tr'- u t,..rr..-.l .rjl.
I ,:i' :: r:: I : t.r. ::..,-:..

l. : it \ ...
.l:_: r _.:-: i, ..
LOl, u: _..(aL 

-:-:.,. . t
an ouiput oi 1rr \'L :i:e il::t r:: :r :.:
1.00| cicrec $aj l:i rr:-., Lr :. _

back. anJ dlopt,ed to 1,.:. . 1l.t eJ t.e

back \\'ac added. A graph of distortion
r'l,,slts frequency is sho*.n in Fig. B.In naking the noise measurernents.
il c fact that mosr ol rhe noisp is con-
tlibuted by the fir-st staRc had to be
taiieD into account. With the masterpain conlrol Iralf orr, un o\pr-all noise
level of 55 db belorv 10-VU outDutNr. nroasured wiLh a fiJ7 in t\p 6rsr
,rtage and of 70 db belou, 10 VLr with at':lu tubc. Rurning th, mrsleI gain
"i lo\\' as fo-.ibl. t{^pl . rr,,i-p at :r,.r ,.'rum in lhir fl. itr ar \- uth,,r I,ctnote
anrpiifier.

T".enrolifi.r is r.,y .rat,le if a\ laa.l dr'es. frel'aur i,.rJ are fol_
1Lr..r.-d. To prevent couplinE between'r". i l.a,l ot rhe.c,.on.r--ti,gp cJ7
h . I L. tr,p.c, ratllrinaiJ, ol,css thelrr a. ro-" lo tl-. luL^ a" poq-ible
;. .J ara. flor r rr" . r , . frrct. Atso,
ho. ..- '.ij.. p.t i I '"n.r a.rr. flotn -eDraier range s$itch. ln .ornc 

"o"o" 
a

.r'a hi. I r- or. '. p. r, r bpr rvecn
r\. " ' be- a, o lr.c r.,.-r. r1d its
rarrge switch. No dellection shouid be
noted on the \rU meter \rith the naster
!-ir'. ( de oppn rlll Ih,. arnol ripr. in

Moteriots tor Ampti6er
RerhioBr,l-ll, 2 -56 ?_22A, _tgo _560, t_r,?00 r-r.100, 2 _t,800_ _2 000 r_, 700 ,j,7oo,
-4 e00 _{rdidpic.;d a,7oo, 10"", rj-jdo- (h;nd_b.!ed 5 r00, r0%), t_5 500 _o aOO t_z,SOO,r-27,000, r_t00 000, .rro.ooo _.zo doo. t_rrobooj1.s10,000 ohmr, ?: ltql-.,., woF t_?SO,l]OOo'r-wle.woJ.d: t-500,000 o-- Do,c.r'o-e,Er; t_lulro-ohm T pod.2 db Der rreo

Cdp,ocilors: , - 0t, ?-.05, z-{j. t, dOO ,o,rs, poper.l-10 ,f a50 vo 
'!i 

e ect:otl.c. JO,dO.dd ;,,, tSOvo ls, electrolytic

J".:[3:1l.ili: 
_]0o\msro -D.'e o: i_6F6prdre

^'iTe'o1"o., 
vu r*" o(,. .. - n"., n;c.opFone.::1:':15, r or :: .ro". . :... ,oo, r ei.e. a1d

, Moteriots for pow€r Slppty
-- . .. : -:_,:J,)1,:0 | z5o votl F e-r.otyrici

5C.mo.hoies
Cio*is rubes switches, p ug.

SLIDE.RULE CATCUTATION

, t . ,- r',.1. ,t.l ro,t i^r solvins
h- l\'as d, .. , r- I ot palp
itr i:. r.^. Thi: ,.luarion i-'.r,. :.,nlluon in ladio 1\'olk. and itss:l.i:::r aroused much inlercst. Mr, R.F. S:.rl.rock of EdnroDton, Canads- l. . r". ho I ".) , I s.n n i5.s rhe! r \ , - ,,rto (\t^r'. ir ...1, ilt is a<

T h- .t.aLior. Z \ tsi-28r.
P a q ."i' rJex at ta o'l D a,ld slide
cursor to :t on D. Note 2.42 rvhich ap-
p. ar'- !1 B. flcnralry c,rl ,r.ilj. ob-
l2ir,ing il. l2, and mo\., ,.r,r'. ,r lo thjs
nuIrLe,. Tho ans!v,r i.. r,..1 , 1 D, 33.i
The pro"l'. sinrilcr' ,,r'r'sr\.pr in
JulJ,.. lIr. Stulroch notcs :rlso that the
po\\'er' Ia.tot trcl. b, ,i..t ,IT on Cl
when thc final ansler zrppears.

Othel contributor'-s ro..e that another
method may be uscd if I Log Los Du-
ple\ Decitrig lule is ar:rjiable. In this
case set index to the lar !.€r nrnber and
push hairline to ,iDtallcr one. Read
angle on T uDder. hajllirl€]. Draw sanre
angle on S undel hairline and read
answel on D at index.

lVe are indebted to Holvard T. Hoff-
n1an of St. Louis and to John T. Frye
of Logansport, Indiana, {or the latter
l11ethod.

TABTE II

lii, " ';.;;,;" 'it,i,rt "
,00 1,5011 8,200 l

A look under the chassis. All of the lon,levet rviring is carefully shielded.



llrondcnstittI nnd Oornruullcnllons

a
The table indicates that rvitl-, a lire

-::edance valiation of 20 to 1, the
:- DlifiA[ \iork- inro a load rariarion
:i only 2 to 1. In practice, ro line
- uld vary over these lirrits, but the
-:,ample shows the efectiveness'of the
.:,-ation pad.

The secondary circuit nust not be
::"unded in any marrner because this
-::els the balance of the teleDhonc
r.. anJ increases the line noise.

TABLE I

50
100
250
600

1,000

50
100
250
600

1,000

Inverse feedback is a Dlrst in any
:rnplifier which wolks into a telephoDe
:re. The feedback circuit l!'orks alon€t
:ith the isolation pad to allo\y greatel
:'leedom in match between the ampli-
::I output and the line. It also flatte[s
:le fi:equency response cur:r'e and re-

.ces noise and dislol.tion or'iginating
::1 the amplifier, With the circuit con-
.tants shown, there is a 16-tlb feed-
'ack signal at 1,000 cycles from the
t:ate of the output tube to the cathode
: the second stage 6J7.
To keep the hurn level dos'n, shielded

-:Ie is used for the heater ald VU
=eter lamp wiring. Twisting \\'ould
: :rbably be satisfactory, hut.hieldinr
: preferred. Double-ended tubes, like
-.-:6J7, keep hum at a ninimum bX
:.:cing the grid circuit wiring above
:- chassis away from the heatel
=:rinals and wiring. All the usrral
::::-reducing precautions should be
:+rved when building this anrplifier'.
1-: the 1o\r level wiring from the

:: ::ophone connectors to the prinaly
'::e input transformer is shielded

l:event crosstalk and hum. The
-:: n-hieh run fron the outprt ter-_ ,-: to the VU meter range switch

should be shieldetl. A11 the !tiring
sl,ould be neat and kept as short as
possible for besl l'esults.

Cue omplifier
.{n integral cue amplifier is included

in this amplifier to simplifJ the pre-
br'oadcast Iine-up by allo\ring two-way
corlyersations between th? studio and
lerrote location at the simple flip of a
sNitch. At WHRV there is at least 6
lriles of telephone line between the
station and any renrote pickup point
because the statioll is ihat distsnc€
fi:onr Ann Arbor and the line must go
thlough the ADn Arbol telephone ex'
change. As a result the cue signal level
is too low to be picked up \a'ith head'
phones across the line.

\vith the line svitch 51 in cuE
position, the output tlansfotmer be-
con,es an input transfolmer', and the
signal on the line is fed to the sec-
ondary winding, The induced voltage
iD the plimary is fed in series lvith
the lover end of the nra-.tel gain con_
tlol, rvhich is connected to the grid of
the secord stage 6J?. FroD the plate
o1 the 6J? the signal is lassed on to
the 6F6, vhich is no1v a r:esistance_
coupled anplifier, and then to the
nonitor jacks. The positior of the
naster gain contlol has no effect on
amplification,

Srvitching back to the PRoGRAM posi-
tion grounds the lower end of the
master gain control, the 6FG stage
becomes a transfolmet-coupled ampli-
fier, and the headphone rnonitor jacks
ale reconnected across th€ line output.

A rninor modification lrust be rnade
on the line switch 51 to prevent dam-
age to the 6F6 rvhen the switch is
in the center or OFF position. The con_
tlrct Nhich connects to R8 mtlst be
bent so that the plate voltage is not
removed from the 6F6, because this
\rould cause e-rcessive scteen dissipa'
tion and datlage to the tube, l\{aking
this change sirDpll' luts the B-plus
voltage on the plate through R8 when
S1 is in the oFF position.

Resistol Rg is added to alto$ C2, the
blockinE capacitol in the Dlate circuit

27
of the 6F6, to charge before the heatl-
phones are connected to the plate by
51 in the cuE position. This prevents
the ear-shattering click that would
result if C2 wele allowed to charge
ihrough the headphones. Also, loud
cli(k.. rtill be plevented il the line
sq.itch is changed slowly from cuE to
PR0GRAM Position.

II lnore cue signal amplification is
desir'ed, the value of R4 may be jn-
creased to about 100.000 ohms maxi-
rnum, If less amplifrcation is neces-
sary, a resistance in series \tith C2
should sufrce,

The YU neler
The volume indicator is a standard

broadcasting unit a'td is calibrated
with the reference level ol oVU rep-
resenting 1 milliwatt in 600 ohms. The
VU and the db based on 1 milliwatt
are identical and may be used inter_
changeably.

In this amplifler the meter is used
with multiplier pads which give ranges
of 10 and 14 VU. The former repre-
sents ihe level used to Ieed a program
on an enclosed toll cable. Allowance is
nade for a 2-db insertion loss when
an external repeating coil is used,
blinging the actual line level down to
8 VU, the value recommended bY
A.T,&T. A 14-VU multiPlier is in-
cluded for feed over an open lin€. It
allou's for an insertion loss up to 6 db
if an equalizer is used.

Any number: of multiplier Pads rnay
be chosen Jrom Table lI to make up the
VU range switch. The resiston may
be mounted directly on the switch if
foorn permits.

To facilitate maintenance and to
spot tube failures with minimum lost
ail time, a tube check circuit is in-
cluded. Since the VU meter has a full-
wave rectifier, it may be used in d.c.
circuits lvithout regard to polarity'
Resistors R3, R5, and R7 are chosen
to give a 0-db indication when normal
plate current flou's through the 1620,
6J?, and 6F6, respectively.

An oFF position should be included
in the lange switch so that slahrming

i
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I ig. 1 left -'fhe frequency response curves of the arnplifier. Fig. 3, right-Distortion curves of the unit'
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