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A Maior Advance in Station Instrumentation 
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NEW TYPE 1 00-B ACUUM-TUBE 
VOLTMETER . . . . . . . . . . . . . . . . . . . . . . .  10 

Monitoring equipment for radio and 
televi ion broadcasting tations must 

meet or exceed FCC requirement but 
reliability and ea y maintenance are 
equally important. Beyond this, the 

Figure 1 .  Panel view 
of the Type 1 1 84-A 
Television Transmit-

ter Monitor 

well-design <l and prop rly us d moni­

tor can function a:::; a general test instru­
ment for transmitter op ration.· and 
maintena.nce, and the ·e tes facilities 

hould be easily a\·ailable and conven­

ient to us . Finally, ob ·ole cence mu t 
be considered and the rn_onitor should 

be de. igned not mer ly to m et today ' s 
minimum_ requirements of accuracy and 

d pendability but to anticipat those 
of tomorrow. 
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The General Radio Company has 

been concerned wi h in trumentation 

for the broad a ting station for thirty 

years, which provides a fund of field 

experi nee unmatched in the indu try. 

General adio m nitor ar us d by 

twice a m.any AM broadca ting and 

TV station a all oth r mak 01n­

bined. 
The design of the new General Radio 

'I YPE 11 4-A T 1 is10n Tran mitter 

Monitor i ba ed upon th field exp ri­

ence with its predecessor and in orpo­

rates many fea ure pe ifi ally re­

que ted by tran mi t er engineers. 

This new instrunu:-nt is more than a 
monitor. It pr vid f r 1nany opera-

ional te t that will peed and in'lprove 

adju tm nt n1aintenance and rouhl -

shootin<Y in b th aural and vi ial trans­

mitter ircuits. audible 

monitoring ao·ain 

and c n inuou n'leter m nit ring of 

FM nois on th vi ual carrier, are 

typical of th additional fun tion pro­

vided in thi new in trument. 

It provides maximum prolec�ion agairist 

obsolescence. 

The TYPE 11 4-A l\1onitor is de io·ned 

beyond m re legal rnini1nmn require­

ment for today u e. Thus protected 

Figure 2. Front panel rem oves easily, and entire 
chassis pulls forward on slides for access to ad­
justments, test poi n ts, and tubes, w ith monitor 

operating. 

against early obsole cence, this new 

instrument promises long-term value 

that far outweigh initial cost consid­

eration . 

It is easy to keep in operation. The 

TYPE 1184-A Monitor expresse a 

wholly new c n pt in mechanical de-

ign that gives convenience never befor 

attained in an in trument of thi typ . 

Every op ration in the in tallation, use, 

and n'laintenance of this new monitor 

can be handl d from the front. 

OUTSTANDING FEATURES 

lntercarrier Monitoring 

The new color TV tandards 1 specify 

tolerances 2 for both the visual trans­

mitter and intercarrier frequen ie , 

thu requiring monitoring facili ie for 

both. In addition, a cornplete intercar­

rier ound-detection system ha been 

in luded within th m. nitor. This per­

mit moni oring that simulates ac ual 

receiver operation and mak s pos ible 

the orrelati n of tran mitter perform­

anc with receiver Ii ·t ning te ts. 

Residual F-M Noise on Visual Carrier 

No onvenient method has hitherto 

existed for direct measurement of the 

Figure 3. For access to rear or bottom , chassis tilts 
into this p osition and is held by latches. Monitor 

is still operating. 
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residual f-m noi. e on the visual trans­

mitt r carrier. In mop.o hrome opera­

tion noise of this type cau d trouble 
in s� rne typ s of re eivers. With the in­

troduction of color, this condi ion i 

more seriou� becau e of the di in ·t 
po ibility of over-n1odulation on cer­

tain saturated olors unle vid o ni.od­
ulator are prevented from doing so by 

ad quate limiters properly adju ted. 

ince a noise bur t will appear in inter­
carrier- ound-d t ction re eiver:c; when­
ev r ither carrier frequency ni.oni.en­

tarily goes to zero, a wh n the vi. ual 
tran mi ter i modulated to full 100 o 
in the negative (whit ) dir tion, it 
become· important to be able to ni.oni­

tor thi characteristic. ircuits for this 

purpose are pro ided in th monitor. 

Construction 

In any instrument as complex as a 

monitor, facility and ea e of service are 

of paramount importance. 
All 1naj or circuit in the monitor an 

be che ked for proper op ration by 

means of a panel selector wi h. Input­
level adju m nts are located dir tly 

behind a quickly removabl pan 1 plate. 

The panel it elf ha only ho e or trols 
whi h are ne ary to operate the 
monitor. 

By pulling forwar on a handle, one 
can lide he entire monitor out of h e  

relay rack, where it will lo k upon two 

ni.etal lides in an extend d operating 
po. ition. All tube , internal ir uit 

adju tment , cable , and plug are 
witl in easy rea h. The entire front shelf 

of the m�nitor can be rvi ed fr ni. 

thi po ition. The rear of th monitor is 

readily a ssible as shown in Fio-ur 3. 
All adju tni. nt and t point. are 

1 arl marked in recognizable color 
and the color od indicate h r lative 
im.portan e of he parti ular adjust­

ni.ent. hus, a red-circled control i vital 

S EPTEMB ER, 1956 

Figure 4. For convenience in m aintenance signal 
paths are indicated by flow lines, adiustm ents are 
color coded, and test points are clearly m arked. 

to the op ration and should not he 
tou hed without full knowledg of it 

function. n a1nher-cir led adjustrn_ent 
i int nded a. a caution sign and im_pli 

that soni.e auxiliary mea ur m nt 1nay 
be required in btaining proper re ult . 

A gre r - ircl d ontrol is on whi h 

may be adj u ted readily and does not 
require any ext rnal equipment in e -

tabli hing it correct e ting. 

Another a i ·t i giv n the operator 
by ha ino- "flow lines or "cir uit tra -

ings" outlined upon th t p of each 
shelf. It i thu po i ble to proceed frorn 
a functionu.l blo k diagram dir tly to 

the instru1n nt itself and t foll w the 
cir uit progr ion quit r adily. Highly 
d ailed h 1natic wiring dia0Tam n d 
only be referred o for i olat d trouble-

hooting in 1 aliz d pots. 
The 1nonitor offers mini1nu1n re i. t­

an e to v r i al air flow. This not only 

pr ven ov rh a ing of the m.onit�r 

it lf but al o do not b rue h air 

:flo-v and hu o rh at uni s placed 

above or h low the monitor. H nee th 

monitor's location in th ra k i en­
tir 1 p ional and a height can be 

ho en that gives th b t 'i ibility. 

Precision Temperature-Controll ed Oven 

A r w, pr i ion, emperature- on­
trolled, cry tal oven has been designed. 
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This n w unit uses a vacuum flask as 
the insulating enclo ure. It low thermal 

losses permit operation \Yith an average 
pm,- r of two wa t of heat input at 

norrnal room tern.p rature. Thi makes 

po ible a very simple control cir uit 

without relays or the 01 ta t-resi tan e 

problems usually a sociated with sensi­
tive thermo tat . 

BASIC PRINCIPLES 

Th monitor operates on the ame 
ba ic prin iple a it eneral Radio 

pr d ce or . 2• 3• 4 It employs a single 

master-reference frcqu n y, a harmonic 

of \Yhi h i het r d n with both 

vi ual- and aural-carrier fr quen ies o 

generate two beat frequencies 4.35 l\!Ic 

and 150 kc, respecti ,-ely. which are u d 

in direct monitoring of each carrier 
epara ely. Thi i illu tra d in Figure 

5. A third bea frequ ncy of 4.5 Mc 

i al 'O produced by mixing aural- and 

vi ·ua1-carri r frequen ie and is u ed 

in intercarrier monitoring. 

Block Diagram 

In th center portion of Fio·ure 6 is 

shown the block diagram of th direct-

STANDARD TV CHANNEL 

VISUAL 
1.25 csc 

I r---- ---------------- 1-- -..... 
I I ' 

I I ' 

1 
0 I I 2 3 4 I 5 

,_I �--- 3. SSMc------<I 
I 
I 
I 
I -----4.5 Mc-------�,� I (I NTERCARRIER SPACING) I I 

I MASTER I I 
VISUAL REFERENCE AU�AL 

.A. INT ERP 
REFERENCE '-. I 

'-....._ I 
......_ I 

(IMAGE ....... I RESPONSE)'-..... I 

monitoring sy tern . Two additional 
cir uit group permit he mea ur ment 

of re idual f-m noi on the visual car­
rier, hown to he left and provide for 

intercarrier monitoring, shown to the 

right. 

For direct aural-carrier frequ ncy 

monitoring, the 150-k signal (which 

cm tains the frequ n y-modulation com­

ponents pr s n on the aural carrier) 
operat an I-F limiter-amplifier, which 

drive a pul e-counter discriminator. 

Th d-c omponent of the output of 

this di crim.inator i proportional to the 

average center frequ ncy of the aural­

tran mitter carrier frequency. 

The 4.35-Mc signal is used for di­
rect visual-carrier frequency monitor­

ing. in e thi ignal i not frequency 

modulated, a narrow-band fr quency 

meter can be advantageou ly used, both 

for maximu1n sensitivity and to rer�iove 
unwanted video modulation compo­

nent·. A second h terodyne proc con­

vert the 4.35-Mc signal o 17 50 cycles. 

limit r-a1nplifier operating at this 

frequency feeds a pulse- ounter dis­

criminator who e d-c output is a meas­

ure of b fr quency of th vi ual-

ran n.1.itter arrier fr quency. This dual 

6 Mc (CHANNEL 
SPECTRUM) 

NORMAi 
RESPONSE 

Figure S. Frequency 
d iagram sho w in g  
princi ples of  o pera-

tio n • 

�----+---+---H , 
4.351750Mc-;- --------(BELOW MASTER REFERENCE I- - 150kc FREQUENCY 

i I 1 -O-t- (REL�t�VE
E
Rlj:;l�E�STEl't 

TEST��ITCH I 
4. �SOMc(BELOW MASTE� REFl'RENCEl------ -j -+-

....._ : I AURAL CARRIER 
-........_ A. FREQUENCY METER 

(IMAGE '......._ j 
RESPONSE) '-..._ I 

FREQUENCY 0 1750c 
(RELATIVE TO INTERP. -0+ REFERENCE) --t--

Vl SUAL CARRIER 
FREQUENCY METER 

PRINCIPLES OF OPERATION 
FOR 

FREQUENCY MEASURING CIRCUITS 
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FM NOISE 
MEASURING 

CIRCUIT 
ELEMENTARY MONITOR CIRCUIT 

FOR DETERMINING 
RESIDUAL FM NOISE 
ON VISUAL CARRIER 

�O��:�NCE ) 
(AM) ______ 4.5Mc ------(FM) 

1-F 
RESPONSE! 

VISUAL C±I Kc TOLERANCE) AURAL I Lit 
MASTER .__ _ _, 0 4 . 5Mc 

REFERENCE 

1-F 
RESPONSE 

fioooo--F'-=:..::..::..1--- @--r�-'t'----"­
Figure 6. Functional 

block diagram of the 

monitor. 

IOOKc 

! /Kr 
0 4.35 4.5Mc 

4.35Mc 
1-F 

LIMITER 

TO 0 a N METER 

conversion step is illu trated at the left 

of Figure 6. 
The 4.35-Mc IF signal is also used 

to operate a second limiter-amplifier, 

where the residual amplitude-modu­

lated vid o con1pon nt are removed 

fro1n the signal. It then passes to a 
tuned- ircuit dis riminator, the output 

of which operate an external Distortion 
and Noise Meter . 

The 4.5-1\ifc intercarri r signal oper­

ates a separate I-F limiter-ampl ifier and 

is then heterodyned down to 150 kc by 

mean of a econdary ref eren e crystal 

operating at 4.35 Mc. The resultant 

150-kc beat is then available at a panel 

switch for sel ctiv ly operating the 

aural-n onitoring cir uits from this sig­

nal or, alterna ively, from the oth r 

150-kc signal derived directly from the 

aural tran initt r ignal. 

DESIGN FEATURES 

Discriminators 

For determining the center frequency 

of the aural carri r, a meter-discrimina-

�-7 Mc 

FREQUENCY 
VISUAL 

CARRIER 

1-F 
RESPONSE 

!;±{ 
0 150Kc 

AC 

AUDIO 
OUTPUT 

150Kc 
1-F 

LIM. 

DISC. 

INTERCARRIER 
MONITORING CIRCUIT 

FREQUENCY 
AURAL TRANS. OR 

INTERCARRIER 

MODULATION (FM! 
0-100-y. 

tor of high stability is required. For 
frequericy-1nodulation detection a highly 

linear discriminator is needed. Hereto­

£ ore, both of these function were com.-
ined in a ing l e cir uit. In the new 

m onitor , two separate di criminators 

are used, each one optimized for its 
parti ular fun tion. 

"\ 

The meter-di criminator is shown in 
Figure 7. LRC (on the right) compri e· 

a low-Q series circuit operating above 

the series re onant fr quency. The d-c 

vol tage E1 devel ped aero C-4 i..., in-· 

ver ely proportional to frequen cy in the 

region near 150 kc. The left section, 

consisti ng of C- 1, the two rectifi r , and 

C-2, is he conven tional pul e-counter 

circuit, and hence the voltage E2 i 

directly proportional to fr quency. This 

give wice the en iti vity of either cir­

cuit acting al ne , and becau th d-c 

met r re pond to the differential, small 

changes in an1plitude of the 150-kc 

driving signal are anceled out at the 
zero-current posi ion. Since this orre­

sponds to center scale (3-0-3 kc), maxi-
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1num a uracy 1 btained a th poin t 

of n1aximum u .... e. 
'I'he prob lem involv d in thi me r­

ing cir<'ui ean be shown b. noting that 

th met r ac ually perate.' over a 

rang; of 1 i50 :::1:: 3 kc· hen · , th meter 

<'al i. · only :::1:: 2 Yr of the operating fre­

q uenc� . If it mu ·t, remain table t 

say, one division (i.e., 100 cycles), th 

O\'Cr-all eircuit stability mu. ·t h :::1:: 100; 

L)0,000 or ± 0.067 ��. To achieve thi 

·tahility r quire minut a teution to 

such details a.· ·ompou nt drift an l 

temperature coeffiC'ients. Fortunat ly, 

he differ ntial eharacteristi<' · of the cir­

cuit aid in thi. r spect . In thi circuit 

·abilit I f paramount importance 

and ev ry prac ical mean ha b en 

used to make i out tandingl. good. 

An addi ional advantag of thi. me­

t ring cireuit is that no fragile balla t 

tuh ar requir to regu late he heat­

er of d-c ampli fi er tube . 'T'h re tifi rs 

u ed are cry tal diode . whi h have 

b n . tahilized again t thermal and 

aging ff ct. by appropriate circuit 

design. 

Audio Discriminator 

For frequ n · -modulation tion , 

the di crimina or mu t be extreme! 

lin ar a1 d free of re id lal noise. tabil­

ity i r quired only t m et the n ed 

of a modula ion m t r. Thi di crimina-

or is based upon th w ll-kn wn pul 

ounter ypes,5 as hown in Figure 

'I'h inherent linear ity of the e type is 

w 11 k1 own, but I-F fil ering problems 

Figure 7. Elem entary circuit of balanced discrim i­
nator used for center-frequency meter. 

c, 
t. 

a 

0 

PE:AK/ PEAK• CONSTANT ( 3-0-3) 

are e ere and n iti ity i u ually 

lmv. Both of the e problem ar rnin­

imiz d by a balanced pul e-counter dis­

criminat r whi h u e ran form r out­

put c u pling an l pro id goo l en i­

tivitv and i1npl filtering. 

Each diod produC' on ac-h half 

cycle, a curr nt pul e through a r i ·t­
ance, R as hown in the lower por ion 

of Figure . This action is analogou to 
that of wo puls n1ter in eri s. The 

pul o ur a a unif rm_ rate of 150 kc 

in h b er of frequ ncy m u l ation 
of h 150-kc driving w v form . . A d-c 

component is develop d cro th re­

sistance R, but no use i · made of this, 

and, obviously, the transformer cannot 

pa . The 150-kc fundam ntal cmn­
pm nt i balan ed in the transformer, 

1 aving onl relativ ly n1 ll-amplitude 

ven harmoni . Th ar high enough 

in frequency to be well abov th tran .  -

former pass band and are th refore 

high ly attenua ed. 

Wh n the 1.50-kc input signal is fre­

que1 cy modulat d the urrent pul e 

through th r ance R ar in 
modulated, i .e., th y ocnn at a non­

uniform rate. 'I'he de\ iation i propor­

tional to the frequency modulation 

pr nt. Th a- omponents in the 

audio ran · r p ·e ented by he ime-

rate-of-change of th urr n pul e 

oc urring in the tran form r primary, 

are a mea ur of he modulation pres­
en . Th ar pa ed hrouo-h th tran -

former and on titute th d modulated 

audio ignal . Onl a mall amount of 

Figure 8. Discrim inator used for f-m detection. At 
top, simple prototype; below, balanced circuit 

used in monitor. 

��lr---f f ____ .,.. �TO L...e :ILTER 
AUDIO CIRCUITS 

tSOl<e-IF. rlJ'------
-+--

----
-'

R 
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:filtering is necessary in the audio cir­
cuits tha"t follow. 

Precision Temperature-Controlled 

Crystal Oven 

'The heart of a fr qu n y monitor is 

the quartz crystal employed to tab­

li h a  r f r n · fr qu nc . 'The u 'W unit 

<l " veloped spc ifi ally for thi · m.onitor 

i an example of im.pli ·ity in control. 8 

'T'he cir<'uit i' shown in Ficrure 9. The 

main heater curr nt i · ·on.trolled b y  a 

·mall thyratron which is tur ned on or 

-0ff by a mercury- ·olumll th rmo at. 

A cut-off a-c, bia · voltao·e i · applied 

to the thyratron con rol-grid through 

the thermostat contacts "hich clo e 

at G0° -; . 'ro pr vent overshoo of the 

oven temp rature , a mall h atcr or 

antieipator \Yindincr i pla ed around 

the thermo tat bulb.6 
'I his on tr l circuit is remarkably 

free from troubles due to c ntact re­

si. ·tan<' s a ocia ed with the th rmo tat. 

Figure 10 i a cro s- ection dra wing 

of the ery. ·tal-oven d tail. n onter 

aluminum cylinder surround .· the glas. · 

vacuum fla 'k whi h has a balsa-wood 

plug at th open nd. The h ater i 

wound on a metal di ·c atta ·h d to thi' 

plug and all leads are brought out 

Figure 10. Cross-sec­
tion of precision tem­
perature-controlled 

oven. 

50°-70° 
THERMOMETER 

CAPACITOR 
ADJUSTMENTS 

BALSA WOOD 
MOUNT. 

so•c 
MERCURY COLUMN 

THERMOSTAT 

2.7K IOOK 

S EPT EMB ER, 1956 

80V. 
.-----f.,-__,•>-----� 

PILOT 
NE-51 

MAIN 
HEATER 

"ANTICIPATOR0 
HEATER 

THERMAL 
SWITCH +70°0 

Figure 9. Schematic of control circuit for crystal 
oven. 

through it. The heat lo. by conduction 

along the wires i thus minimized, and 

a me ·haniC'al n1ouu i · made available 

for all internal part . Indudcd within 

th gla f ask are the h rmo ·tat , 

quartz <'l"Y 'tal moun and two air­

trimmer capaeitor which are xternally 

adju ·table by mean of in ulat d con.­

tr l r <l . 

rrhe ontrol characteri tics of this 

oven are hown in Figure 11. In these 

the ambien tempera ure wa 

rapidly chang d over a wide range by 

mean of rapid forced-ai1· circulation. I 

repr . nt an extreme condition not 

lik ly to b enc· unt reel in normal en­

vironments. For norm.al, · lo\Yly varyin g 
ten1pcratures, the oven will maintain 

constant int rnal temperature at all 

tim.es "�ithin a few hun lr dths of one 

degr e C. 

MERCURY 
THER MOSTAT 

I 

AIR 
CAPACITORS 

\ I 

MAIN HEATER 
WINDING 

"ANTICIPATOR" 
MODIFIED 

7"' 

9 PIN TUBE S OCKET 

SHl� LD J 

�UARTZ CRYST/L 

THIN-WALL 
ALUlllllNU"" 
CYLINDER 

\ETAINER 
SPRING 

VACUUM FLASK 
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TIME IN HOURS----

I , 
I 

\ 

figure 11. Control characteristics of the crystal 
oven. 

A new AT-cut plated crystal is u ed, 
to provide he ex eptional frequency 
stability ne e ary to m t the strin­

gent requirements of u-h-f monitoring. 

Power Supply 

Particular consideration was given to 
the design of the power-supply section 
of this monitor. It is recognized that 

pare tube stocks are maintained, and 
replacements are alway on hand. l\tfe­
tallic rectifiers may have longer life, 

but, when operated continuously, their 

ultimate replacement must be expe ted. 
Spare part su h a the e are u ually 
not immediately available and therefore 
become inconvenient to replace in this 
class of service. 

As shown in Figure 12, two thyra­
trons are operated i n  a full-wave recti-

figure 12. Elementary schematic of regu­
lated thyratron power supply. 

fier circuit. Control of the d-c output 
voltage is obtained by variation of the 
conduction time of each thyratron, 

through a d-c voltage applied to the 
thyratron grids. To improve the thyra­
tron grid-control chara teri tics, a fixed 
a-c bias voltage is applied through two 
phase-shift networks. A onventional 
regulator circuit, as is ommonly used 
with the series tube type of regulator, is 
used to develop the necessary d-c con­
trol voltage. A 5651 voltage-reference 
tube and a triode d-c amplifier are in­

cluded. 
In order that the ripple frequencies 

be isolated from the d-c regulator cir­
cuit, the ripple filter is placed between 

the transformer center tap and ground. 
Ripple frequency component are pres­
ent only on the transformer secondary 
and are isolated by adequate trans­

former shielding. 

General 

Every effort has been made to reduce 
the effects of tube replacements, and to 
obtain normal operation throughout the 
entire life of the tubes. Special selection 
of ubes is unnece ary. 

This monitor was de igned with the 
assistance of Messrs. H. P. Hall and 
F. D. Lewis. Special credit is due Mr. 
W. F. Byer for his many valuable de­

sign contribut· on and to Mr. S. Samour 
for his untiring fforts in th making 
of experimental model and te ts. Mr. 
H. G. Stirlino- was repon ible for the 
design-drafting detail. 

=F l L T E-R -

-C. A. CADY 

... 
0 
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SP ECIF IC A T IO N S 

Frequency Range: 50-890 l\1 (tv chann 1 2 to 
:3). 

RF Input: 
L J rnpedan e: Low-impedanc loop coupling. 
2. L v l: I ntended f r u 'A<ith s andard 

Rl.£T IA transmitt r monitoring outr ut (10 
volts, son). 

3. -:\Iu.x S n i ivit : n vol for all fun ti ns 
ex ept the measurem n f re i<lual AM n i 
on the aural transmitter, whi h require a mini­
mum of 4 volts r-f in put. 

4. dj u tm n t : Input level for both aural 
and visual tran mitter are adjustable from the 
front of th inRtrmn nt. 

5. lnuication: Both aural and visual tran -
mitter i nput levels can be checked b di rect 
in<licati n on a front pan l meter. 

Frequency: Cry tal tabilily - ma ter r f renc , 
== 1 .4 ppm/30 days r ==0.35 ppm/10 day · -

ondar. i· fr n , ==5 ppm/;30 da, (=21.5 
cy<'J s) interpolating reference o c i l Jator, = 5 
ppm/:30 <lays ( = 22.5 cy les). 
Accuracy: 

Meter 
ca le ---

Metering 
Accuracy 

-Vernll 
A 'C'uracy 

Aural 1 isual 
Inter­

Carrier 

3-0-3 kc 1.5-0-1.5 kc 3-0-3 kc 

±200· =30c 

VHF 500c/30 days 
UHF 500<:' I JO day 

=200c 

250c for 
30 days 

-----'-----

Image Frequency Check: A ch eking cl vie 1 1n­
corporated to insure that the i·ansrnitter fre­
quenc i on the correct side of zero beat. 

Aural Modulation (FM): l\Iet r ,  cal , 0 to 100 
+ 3 db, full cale; JJlfeler Balli.stirs, a required 
b F p cification ; JI'[ ter Calibration 100 
= 25 k · d viat ion · ele ·tor witch for 100 Yc = 

50 k<: to permit wid -deviation typ t ts; 
Polarity Response, panel witch for po itiv or 
negative p ak , f r b h met r and flashing 
lamp ; Peak Indicator, flashing lamp indi at 
peak in exC'e of dial etting ; Dial, calibra d 
from 0 to 100 0 and to +3 db abov l 00 ; 
JJ,f eler Frnquency Response, == .25 db from 50 to 

15,000 eye] s, ==0.5 db from 30 to 20,000 cycl s; 
Peak Indicator Frequency Response, 0.5 db 
from 100 to 15,000 cles. 

Fidelity Measurements: 

Aural F-M Transmitter: Audio Outputs (at low fre­
q uenc i s with 100 Yc mo ulation), J0.8 volts 
into 100 kn or 0 dbm a 600 n. Residual Distor­
tion (50 to 15,000 eye] ) , 0.15 3 for 25 kc 
modulation deviation , and 0.25% for 50 kc 
deviation; Re::.-idual FM Noise, -70 db b low 
25 kc modulation deviation; Audio Response, 
follows 75-µ e · de-emphasi curve within ==0.5 
db from 50 to 15,000 c clc , ==3 db from 15 to 
30 k ; A-M Noise Reference Level (at low fre­
quenci ), 4 volt into 100 kn; Residual 1 oise, 
AA1", -70 db be low carrier l vel. 

Visual A-M Transmitter: Noise (F'JYf) /lfeasuring 
Output (at low frequencies and 25 kc d viation ) . 
l .5 volts into JOO kn load, 75-µse · de- mpha is 

circuit included; Residual (FM) N oi e, -65 d 
b ]ow 25 kc dcviati n with n rmal vid o modu­
lation on transmitter ( - 70 db without video 
modulation). 

lntercarrier Measurements: ame as for aural 
tran smitter, except Residual (FM) Noise i - 63 
db b low 25 k · deviation f aural tran mitter 
with video modulation applied to vi ual trans­
mi tter . 

External Connections: 
1. Frequen y Meters: 
Visual 'Transmitter, GR TYPE MEDS-41-3, 

0-200 µa de, 510 O, on side grounded. 
Aural 'l'ransmitler, GR TYPE MED -72, 

0- 00 µa d , 510 0, on i e ground d. 
2. (FM) Modulation Meter: GR TYPE 

M EDS-28, 0-600 µa d , 680 0, nei th r id 
gr uncled. 

3. M odulalion-Peak Indicator: 3 watt-115 v 
lamp, on side grounded . 

. Audio Monitoring Output: Unbalan ed-
600 0, 1 0 0 modulation = 0 dbm. 

5. Audio Measurement Output: Intend d for 
u with th TYPE 932-A i tortion and ois 
M ter (JOO kn un balan ed input); 10. volt 
ou put at low frequencies· behind-th -panel 
test jack for c onnec ting on a temporary basi ; 
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G E N ER A L  R A D IO EXP ER I M E N T ER 1 0  

rear jack provided for permanent wiring to 
rac k-mounted Distortion an d Noise Meter. 

6. Power Cables: standby l ine, for master 
er stal oven ; power line, for monitor c ircuits. 

Po wer Supply: 

1 .  Stan dby Operation : 
1 5 _ watt , with ma ter crystal oven operat­

mg. 
1 1 5 /230 volts ; 50-60 cycles. 

2.  N ormal peration : 
Max d mand 265 wa t , with all thermo tats 

on.  
Min demand 240 watt , with all t hermo tats 

off. 

Type 

1 15 /230 volts ; 50-60 cycles. 
( 1 55 watts during 30 econd in i tial warm 

up) . 

Mounting: 1 9-in c h  rack-panel mounting. Front 
panel removable for ace s to controls. All con­
trols available from fron t.  I n stru ment mo unted 
o n  slides for a ess to all part . De igned for 
vertical-air-flow cabin t ra ks.  

Panel Finish: GR blac k c rackle ; al o available in 
certain other colors to match station equi pment. 

Dimensions: (Width) 1 9  x (height) 21 x (depth) 
1 6  inches, over-all .  

Net Weight: 75 lbs. 

Code Word Price 
1 1 84-A Television Transm itter Monitor • • . • . . . . . • . . • . • • • . . . . .  G I A N T  $ 26 5 0.00 

U. S. Patents Nos. 2,548,457 and 2 , 362, 503 . L icens d 
under patents of t he Ame rican Telephone and Telegraph 
Company , patents of the Radio orporation of America ; 

and patents and patent applications of G. W. Pierce per­
taining to piezo-electric crystals and their a soc i a t  d c i r­
cuit  . 

TH E NEW T Y P E  1 8 0 0 - B VA C U U M - T U B E  VOLT-

METE R - ST A B LE A N D  A C C U R A TE 

The TYPE 1 00-B i a p recision Vac­
u u m  Tube Voltmeter de igned for a 
wide ran ge of app l i cation . I t  c o m b i nes 

th ac u ra y of a laboratory i1  stru ment 

w i th the d u rabi l ity n ecessary for every­

day laboratory an d produ ction-line use. 

I ts ac u racy i bett r than ± 2 0 on 
all a- .and d-c vol taO"e rang , and i t  

c o m pl etely shielded d iode probe i de-
i gned for u e into the u -h-f range. The 

de i g n  and con stru tion of this in tru­

men t i n su res that the high accuracy of 

the new voltmeter w i l l  be sustained 

throughout year of ervice. This i m­

portant stab i lity has been achi ved 

through th ree m ean s : advan ced c i rcu i t  

d e  ign , thorough power su pply regu l a­

tion , and the u e of long-term- table 
precision component . 

Each in rea i ngly higher voltage 

range is obtained by an i ncrea in d -

generation that dec rea es the en itivi y 

of the d-c amplifier, rather than b u e 

of the convention a l  voltage divider to 

feed a c onstan t-gai n a m p l i fier. A a re­

su l t ,  the circ u i t  is substantially i nde­

penden of d rift in tub t ran . onduct­

ance o n  all but he 1 . 5- and 0 .5-v l t  

rano· s ,  and even t here a simple adj u t-

Figure 1 .  View of the Type 1 800-B Vacuum-Tube 
Voltmeter. It  is si milar in appearance to its pred­
ecessor, the Ty pe 1 800-A, but includes a panel 

sw itch for d-c polarity selection. 
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ment om.pen ates for tube d rift. On 

a- ranges maximum stab i lity i. i n ­

su red th rough the use o f  an i n ternal 

b a l an ing d iod , a f atur n ot often 

fou n d  in vol tmeters , but whi h is en­

tial t o  fi r t- l a  perf rmance. The e re­

finements i n  c i r c u i  d i gn oup led ' ith 

thorough ,  t wo-stage power up ply r gu­

l atim m ak th m ter independent of 

l i n e-vol tage fl u  tu ation . On tl e zero 

i set on the 0. 5-vol t ran ge ,  n o  further 

adj ustm r t i requ i red for th is or any 

other range. rrh u e of p re i ion wire­

wound re i tors i nsure that the a -

cu racy of the i n  tru m n t  ' i l l  be m a i n­

tained i ndefinitely.  

The TYPE 1 00-B i an extremely 

versatile e i n  tru ment. I n  addition 

t o  p rfor m i n g  rel iably al l the n ormal 

rou t i n e  voltage measu re1n e n ts,  m any 

featu res n ot fou nd in oth r i n  r u m  nts 

ha e be n i n cluded to make thi v ac­

u u m -tu be voltmet r u i ta b l e  for tac k­

l i ng e pecially d i ffic u l t  m ea u rem.ents. 

The followir  g l i  t of featu res hi gh l i ghts 

th remarkable versatil ity of th 'I'YPE 

1 800-B : 
1 .  Ex ellent h igh-frequency ra n ge 

t hrough u se of a convenient d iod e 

p ro e .  V HF voltages may be accu ratel y  

mea ured without ne d f p ial ground­

i n g  devic , p robe d i sa s m bly,  or ex­

tern al capa itor . 

2 .  Completely shi  lded probe afford 

n ormal ac u racy even i n  the pre ence 

of s t rong r-f fi eld . 

3 .  T h orough l y  shielded a m p l i fier i r­

cui and well - fi ltered probe e l i m i nate 

any possi b i l ity of " bea s "  in th m ea -

u r  ment of v o l tages at frequen i e  n ar 

p ower-li n e  f r - uen cy o r  i t  harr n onic . 

4 .  Th e  probe cap n1.ay be i m ply 

b o lted to the grou nd plan of t h e  tes t 

i rc u i t, eli 1n i nating h p o  i bi l i y of 
error hrough gro u n d  l ead i n d  u ' a n . ce 

and pick u p  from ele tromagneti c fi elds.  

5 .  The probe may be convenient ly 

S EP T EM B ER ,  1 95 6 

p l ugged i n to tandard �-i n c h  j a k -t p 

bi n d i n g  posts , a n d  addi ional a- c ter­

minal are provided on the pan 1 so 

that test 1 ad m ay be used rather than 

th probe, i f  so d e  ir d .  

6 .  storao-e pace i provided for th 

p robe i nder a h i n ged cover at the top 
of the i n  tru ment.  

7.  A T Y P E  74 coaxial fitti n g  a n d  50-

o h in term i nation are provided .  T hese 

p rmit the probe o be u ed on o xi 1 
l i n es. 

. H i gh i n pu t  i 1np cl an e - resi sti ve 

om ponen t 25 inegoh m a low fre­

quencies .  Op n - rid c o n n  c ti o n  avai l ­

a b l e  f o r  de prov i d e  i r  put i 1n pedan ces 

i n  the k i l o-1negoh1n ran ge. 

9 .  Pan e l  · a n  b grou n d  d 'vi th o u t  

grou n d i n g  any o f  t h e  i n pu t r m i n al . 

Th is i a n  i m po r  ant safet r feat u r  ; i t  

a l l o w s  a-c or d-c voltao· to be m eas­

u red be ween wo p o i n ts ,  both abo 

d-c grou n d ,  without the panel b e  o m i n g  

' ' h ot " .  

1 0 .  A polarity witch i s  provided for 

d-c r n easu remen s. Th i.  'vitch permits 

either p o  i ti ve or neo-at i ve v 1 ages t o  

be read wi thout h n eed o f  rever i n g  

the test lead . 

1 1 .  An i l lu m i n ated me ter scale e l i n  1 -

n ates read i n g  diffi u l  i cau ·ed b y  l i ght 

reft ction from the m eter gla 

12. Th m t r k n ife edge poi n ter 

and m irror i n su re ea e and p recisi o n  of 

reading. 

1 3 .  Th arry i n g  h n d l e  d tents i n t o  

a right a n g l e  posi t i on s o  that t h e  i n  ru­

ment pan el n1ay b 'u pported at h 

ino t on v n ie n t  angle for a y r d i n g .  

' 1  he featu res outli n ed abov are a few 

of th i te1n sp i fi cal ly engi n eered i n to 

th T Y P E  1 00- B o m a k  i th rno t 

c n v  n i e n t  and u efu l Vacuu m.-T u b  

ol t1n t e r  on h mar k t .  T h e  p c i fi ca­

ti n h o w n  below d etai l the perform­

ance of this instrument. 

- C .  . Woon-w R D ,  JR . 
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Figure 2. Plot o f  frequen c y  range for one- d b  error o n  three vo ltage ranges as 
indicated ; error i s  result o f  c o m b ined tran sit-time and res o n ance effects. 

S P E CI FI CATI O N S  

Voltage Range: 0. 1 t o  1 50 volts, a r ,  i n  i x  ranges 
(0.5, 1 . 5, 5, 1 5, 50, an d 1 50 vol t s, fo l l  scale ) ; 
0.0 1 t 1 50 vol ts, dC' ,  in si.· ran g • (0.5,  1. 5 ,  
5 ,  ] 5 ,  50, a n d  1 50 vo l t  , fu l l  c·a l c ) . 

Multi pliers : J\i1 ulti p l iers are avai lable for i n c reas­
i n g  the ran ge to I -oo vol t s .  
A ccurac y :  D C ,  ± 2  0 o f  f u l l  scale ; AC, ± 2 % of 
fu l l  scale for sin usoidal vol tag<'s, s u bj ec t  to 
fr q uen c y  corre t ion (se curve ) .  B cau ' f 
the c· han ge i n  res is a.n e e  of the met · r movement, 
the ensitivity of the l o west t wo ranges c hanges 

l ightly with temperatu re and upon war m i n g  
u p  of the i ns tru men t . The total wann-up de­
e· reuse in sen s i tivity is abou t l c;,- of t h e  in dir:ated 
va l u  n the 1 . 5-volt nmgc uud :� to 4 c!o of the 
indiC "utcd value on the 0 . 5-volt ran ge . A bout 
one-hal f o f  thi s drift occ 1 u·s i n  the fi rst hou r .  
The C'alibration is  set t o  b e  corre c t  after r:om­
p lete warm-up .  
Wavefo r m  Error: O n  the h igher ·  u-e vol tage 
ran g  s, th i n  stru m n t opc nLtt-s a s  a peak vol t­
metcr, c ali brated to read r-rn.- Vttluc•s of a. s i n e  
wave, or 0 .  707 o f  the peuk v a l u e  o f  a complex 
wave. On distorted wave forms the pe1·cen tage 
de viat ion of the read ing fro m. the r-m-s val ue 
may b as l arge as the pcrc · c m tag;e o f  har monic 
pre e n t .  n the lowest. range t h e i n s t r u me n t  
approaches r-m-s operat ion . 
Frequency Error : At hiuh frequcru· ics, res o n a n c e  
in the i n p u t  irc u i t  and t rans i t-t i me effec t s  in 
the diod rec t ifier i n tro < l w·e < HT01·s in the 
ine t e r  readi n g .  The resonan r·e e fT1?c t c:ause the 
met r to read h igh an d is i 1 1dc pc1 1 d e 1 1 t  of the 
applied voltage . The tran i t -t i m ' CJTor is a 
fun rtion of the applied vol tage and c a . u s<> the 
m('t r to read low. Th e c urves o f  Fig 1 1 r-e 2 show 
th e frcq u c n c ' range fo r J -d b  1·c·s 1 1 l ta1 1t  error.  
It will  be noted that at low vol tages th tran i t­
tirne and re onan e effec ts te nd to cancel , 
while at h ighez· voltages the e rror is almost en-

Type 

tirely due to resonance . The reson ant fr quency 
with cap on but plug removed is abou t 1 050 
M . Correction • u rves are s upp l ied . 

At a frequency of about 1 5  cyC' IC' , the 
meter indication begi n s to fluctuat a it ten ds 
to follow th e vol tage change with in each cycle. 

Input I mpedance: At low freq uen c ie the equ iva­
lent para l lel resistan<"c of th a-c i n p ut c i rcuit  
is 25 m ego h m s .  At h igher frnq uencies his resist­
ance is reduced by losses i n  the s h u n t  capaci­
tan('. . The equi :: t lent paral lel capa · itance at 
radio frequenC" ics i s  3 .  l µµf w i t h ti e probe cap 
and p l u g r mov •d. At audio freq uencies th is 
capa< " i tance i n e r  a • s l ig h t l y .  Th p robe cap 
and p l u g  add approxi mat ely 1 . 2 µ.uf. 

On the d-c ra n gPs t wo val ues of i n put resist­
anc·e are p rovid <l, 1 0  n1cgohms an d  open gri d .  
Power Sup p l y :  1 0 5  o 1 25 or (2 1 0  to 250) vol ts, 
ac , 50 to 60 cye les .  The i nstrument i n corporates 
a v l tage r·eg ulato to o mpensa te for supp ly 
variation ovei· thi voltage range . T h e  power 
in p ut i s  l ess than 25 watts . 

Tube C o m plement: 
2-9005 1-6S L 7-GT 
1 -6S U7-GTY l-6AT6 
1-6G! 1-6X5-GT 
1-:3-4 2-99 l 

Acces s o ries Supplied : TYPE CA P-:35 p wer 
Cord , spare fuses, TYPE 2 7 4  and TYI E 7-! ter­
minations,  and 50-ohm. co axi al term i nating 
resisto r  foi· probe . 

Mounting: B lu.ck-c ra.ck lc-fini h aluminum panel 
moun ted in a shielded wal n u t  cabinet . The 
cable a n d  p rohe are stored in t he cabinet.  The 
carryin g handle <" un be t as a convenient up­
port for th instru men t w hen placed on benc h  
with t h e  panel ti l t,eu bac k .  

Dimensio n s :  (W id th) 7 % x  (depth) 7 7'2 x (height) 
l l Ys  in c hes, over-all. Net Weight:  1 3 %;  p u n d  

Code I Vord Prire 

1 800 - B  Vac u u m -Tube Voltmeter .. . . . . . . . • . . . . . . . . . . . . . . . . . .  D UCAT $4 1 5 .00 

U. . Patent No. 2 , 54 ,457. Li cens d under J. atcnts o( the Radio Corporation of America. 

G E N E R A L R A D  I 0 C O M P A N Y  
2 7 5  M A S S A C H U S E T T S  A VEN U E  

CAM BR I D GE 3 9  M A S S A C H U S E T T S  

TE L E P HO NE :  T R o w b r i d g e 6 - 4 4 0 0  
v� · N T'f:o I N  

u. s. "-

I 
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