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A New Relay 
B · • T. B -Rli-E Enuineerine1. Departrnent 

'Vith thi month' ExPERUlE_"TER 
the General Radio ompan 1 an-
nounce a sensitive ignal relay. Thi 
in trument, the Type 4 1 Rela ', i · 
illustrated in Figure 1. A permanent 
hor e hoe magnet provide the field 
and form a protecting hield about 
the coil and reed. The coil i mounted 
about midway of the id of the 
magn t and the recd fixed near the 
toe. The distance from the center 
of the pole to the point where the 
reed is ecured i 21;{i, inche . The 
contact with adju ting screws com
plet th in trum i1t. An unu ual 
feature of thi relay is 
the di ta.nee between 
the pole piece -0.47 
inche . Thi - wide ep
aration provides a uni
form fic>ld in the region 
throu h which the reed 
move . The effect of 
thi is to make the ad
ju tm nt of the reed to 
the neutral po ition 
le critical. 

In operation, the ad
ju ting crew , which 
determine both the po
sition of the reed in the 
ti Jcl and it tra el, are 
adju tcd o that the FIG RE i 

r ed take up the neu
tral po ition in the 
field. The location of 
the neutral position 
will , hift omewhat a 
a re ult of an average 
current in the coil, and 

in the ca e of hi h p ed ignal of 
con. iderable inten ity, thi shift 
may be comparativ ly larrre. \\'ith 
the r in the n utral po ition a 

ignal (which may for conv ni nee 
be uppli d by an interrupter) i 
impre d on the r lay coil. 'l h 
contact of the coil are adj u ted o 
that the recd trik - e' nh without 
chatter on eith r idc. Tl;i · adju t
ment may be mad with a ounder 
but it can be greatly facilitated by 
m an of a vi un.1 type o cillo
graph. 

rl'he minimum operating CUJ'I" n of 
the Type -!- 1 Re
lay i on milliam-

pere in the signal circuit and it ill 
f llo\1 impuJ e · of frequencie a high 
as l �5 cycle per econd. The tung
.., Len eon lact point will break one 
a111per without burning. 

A relay of thi type h many u ·es 
in the laboratory a well as in the 
comm rciul communication field. Th 
high ·n itivity attained permits the 
lhe of th Type 4 1 Relay with lit
tle amplification for the actuation of 
chr n graph from time ignal , 
..,ignal recorder , or other apparatus 
''her ' remote control by mean of 
radio, carri r or lo' -frequency cur
n nt impul e. i. de ired. Rectification 
i .... of ·our e required where the im
pul e current i of high frequency. 

The chanical im-
plicit and ruggedne 
of the relay particular
ly recommend it for 
u es where little atten
tion can be given to the 
apparatu . 

The operation of the 
relay is best illustra
ted by a few o cillo
grams. The oscillo
gram of Figure 1 to 
9 were taken on a 

tring o cillograph, u -

ing the recently devel
oped double tring
holder which permits 

imultaneous viewing 
of the current in both 
the coil and the contact 
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FIGURE 2 

circuit .. Theo c il lo mm· are all ar
ranged with the coil urr nt at the 
top and time pr e eding from left 
to right. Th z ro current line� al'c 
at th bottom. The timing line on 
th film mark 0.0'1- cond interv ls. 
Figure 2 how� th e!Tect of a Yery 
badly adju tc<l r lay. The effects 
of chatt •ring uu<l bouncing are ver.y 
mark d. Th r la fail entirely 
on many impul s. For contrast, 
Figur :3 how a well adju ted 
relay. firm con act without any 
trac of boun i · mad on each 
throw of lh r d. Th trac of the 
coil curr nt how plainly th grad
ual building up du to the in lu ·lane 
of the coil. The contacL current 

hows no change until the oil cur
r nt reach a critical valtw, then 
ri almo;,t at once to it final valu . 
Th" effect i to give a sharp 

on the conlact side than on the coil 
id . This would not norma.llv hold 

true in ignal circuit , where the in
ductance of in trum nts would slow 
clown the growth and dee y of ur
r nt. uch ff may be minimized 
by means of condensers properly 
placed. The important fact in con
nection with the relay is that it ac
tion i. quicker than the normal 
growth of current in the circuit. The 
impul eon the contact ide is . light
ly long r than that on the coil side 
du to th fact that the contact cur
r nt r main· at full value until th 
coil current has de ayed lo crili ·al 
valu for th relay at this adjust
ment. The lendencv of th ontact 
to stick closed i plainly ·l10wn by 
the fact that the current r quired to 
holil the contact dos cl i-. 1 than 
that rcquir 'cl to clo c it. 

FIGURE 4 

-

FIGURE 5 

Figure -1< wa. made usi11g the other 
·ont1Lct that an i ncr use in c il 

current breaJ... Lhc ontact. go d 
relay adju�lmcnt with both contacts 
11 orking �imilarly i indicated. 'rhc 
stun ' gradual gro\\·th f curr nt a 
occurred in l�igurc 3 wil l b ob· rv d. 
Th contact �ta ys OJ n som time 
a fte r the ·oil cu1-r nt drop . Thi 
lag i du to th• 'lHn of two cffccL. 
Fir ,,t, th r d do · no lart to move 
until th· cutT n drop to th critical 
nduc; and e one!, the contac i� not 
mad until th re d has traveled from 
conta t to eontad i. . , the op n-cir
cuit prriod include, t it lrav I tim . 

PlG RE 
(Left 

Fl URE 8 
(Right I 

Th do ed-circu it p riod, how ver 
(.Figur' 3) in Jude no travel tim . 

n this part icul ar r cord the lag is 
omewhat exce ivc, and sugge t 

that th ba k ontact i not p rfect-
ly adju. tcd, a po ibility that other 
Mcillogram how to b n. fact. 

Figur 5 wa made by allowing 
tlte ibrato e on the interrupter to 
eom gradually to rest . 'l he ucce -
sively , horter intervals are intere t-
111g m howing how the relay will 
re pond to hort i m p u 1 e s 
and rag ed wav form . owhere 
do the coil current record an im-
pul not record d in the contact 
circuit. he light chatt ring 
caused by irregulal'iti in the co il 
current are inter ting. 

igu1· 6 and arc for a higher 
fr qu ncy of ignal impul . Both 
oscillogram. a1·<' for the front or 
clo d circuit contact. o chatter
ing or bouncing i i ndicated Yen 
with the relay speeded up. 

Figur how the back or open-
ci rcu it contact at high speed. The 
bouncing evident here reveals the 
faulty adju tment of thi contact 
which Figur 4 led us to expect. 

Figure 9 wa mad with the front 
and bnck · nta •t.· ti d t oacther o 
that current flowed wh n the reed 
was in contact with ither ide. The 

pace on thi record 
rep1· ·�ent th Lim taken by the reed 
to lrav l a ross th It will be 
no l ha t e rna ·pace· are com-
parativ ly large. omparison with 
the other r cord reveal thi' to be 
du to the faulty adju tment of the 
bn k contact al r ady ob rv d. 

Th tim of tran it of th T lav 
is nu important charact ri tic, inc

.
e 

it hfl:-. a lir ct b arina on th <>p ed 
of ignal which may b followed. 

' mpaTi on with th timin(J' line on 
Lhe tilm which ar paced 0.04! ec-

one! apart . how that the horter 
traYel tim wa about 0.002 econd 
and the longer about 0.00 cond. 
The difference in time indicate that 
the r ed wa� not cxa ·tl_y in the n u
trnl po ition and had a gr ater re-

t ring force on one side. 
It i inter ting to note that th 

horter tim • inl r al eorre pond to 
a v lo ity of about 0.02 mile per 
hou r, and an ace 1eration of n.bout 
-0 mil p r hour p r ccond, or from 
stand. till to ixt in thre second 
without u ing the

. 
g ar ! 

The p rice of the Type 481 Low
urr nt R lay is , 30.00 n t. 

ode vVord: IQMAD. 
Dimen ion : 6 x 2 x 1 inc11e 
Wei aht : 21/1 p ound . 
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Three-Decade Voltage 

Divider 
In laboratory procedure it is fre

quently de irablc to subdivide a volt
age with a greater preci ion than i' 
possible u ing a single-dial t pc of 
divider. Thi may, of cour e, be ac
compli hed by u ing two thr e-decade 
re i tance bo ·e of appropriate 
range joined in series. uch an 
arrangement require the econd box 
to be ct at the "complementary" 
reading whenever the fir t box i 
varied, if the total re i tance of the 
divider i to remain con tant, which 
at be t i a bothex ome procedure. 
This incomenience may be eliminated 
by operating t e ia1 oltne wo re
si tance box.e' in pair but in a re
verse en c and arrangmg the 
circuits as shown in Figure 10. Here 
the total re i tance of the voltage 
divider aero the input terminal re

main constant, while a fraction of 
the drop along it i taken off at the 
output terminals. 

TYPE 554 OLT GE DIVIDER 

If the re i tance dial are progres-
ive decade the instrument will give 

a dirC'ct reading of the voltage ratio 
in three ignificant figure . For in
stance, in Figure 10 the dial are 
shown et to aive a voltage ratio of 
0.8 \ ith this, as with any non
compen ated volta e divider, the 
calibration in voltage attenuation i' 
valid only when no current is drawn 
from the output terminal . The at
tenuation of uch a multiple-dial 
divider must obviously be given in 
Yoltage ratio , that is, in a linear re
lation. Calibration in decibel , a 

logarithmic relation, j not po ible. 
However, the attenuation in decibel , 
_ , may be determined directly from 
the voltage ratio, R, by m an. of the 
cqu tion: 

� • - 20 log10 R 

It will be noted that thi d i'·ider 
afford one common input and out
put t rminal. 

The Gener adio Company 
developed uch a three-decade voltage 
divider known a the T pe 554 Volt
age Di id r which i hown in the 
illu tration. Thi has a total re i t
ance of 10,000 ohm subdivided into 

9 lcp of 1,000 ohms each 
9 tep of 100 ohm each 

10 . tep of 10 ohm each 

which enable a convenient direct ct
ting of the voltage ratio from 0.001 

to 1.000 in tep of 0.001. By u ing 
an external r i 'tance of 90.000 

ohm in . Pries with the input tc>rmi
nal of the in trument the Yoltage 
ratio may b adju ted from 0.0001 

to 0.1 in tcp of 0.0001, etc. 

The Type 55-1< \'oltage DiYidcr i 
mounted in a walnut cabinet 22 x 

91/2 x 4 inche and i. provided with 
a du t co,·er. r.rh re i'tan unit 
arc wound to be non-r acti,·e and are 
adju ted to a prcci ion of 0.1 %. 

The net price of thi · in trument 
a embled with a total re i. tance of 
10 000 ohm , i 1""5.00. 

th r re ·istance value may be 
made to pecial order. 

FlG 'RE 10. WIRING DlAGR M FOR TYPE -54 VOLTAGE Dl LDER 

10 100 IOOO 

INPUT 

� 

Coils for 
Typ 389 and 489 

Magneto triction 
Oscillators 

The ncral Radio ompany has 
standardized a erie of coil to be 
u ... t!({ with ith r of the Types 389 
or -1 9 Pierce Magneto triction 0 -
cillator . The e coil are designed 
to be u ed with �-inch nichrome 
rnd.· cov ring the frequency range 
from 5,000 to 50 000 cycl Their 
applicability i indicat d m the 

chedul b low. 
011 Frequency -Kilocycle• per 5f'cond 

3 9-A 

389-8 

389-C 

5 7.5 10 15 20 30 40 50 

x xxxxxx 

x x xxxxxx x 

x xxxxxx x 

3 9-D XXX XXX X 

x indicates coil may be u ed with 
rod of this frequency. 

:>.."Ax indicate best coil for u e 
at corresponding frequency. 

It will be noted that oil 9-B 
and 3 9-D together cover the entire 
range, although not alway with 
optimum efficiency. 

The e coil a emblie carry a net 
price f $30.00 each. 

The Experinienler to 
Have a ew Editor 

tarting with the next i uc the 
ExPERThIEXTER will have for it di
tor, John D. Crawford who joined 
our Engineering Department on 
F bruary 1. He is a graduate of 
the ?.las achu ett In titute of Tech
nology and for the past two year. 
ha been A isbtnt �Ianaging di
tor of The T chnology Review. 
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Mea ·urement of Direct 
Capacity 

In the d ·ign of vacuum-tube ci1·
cuit it i ometime� nee ary to di -

tingui h between th capacity a 
m a ·ure<l bctwe n two tube terminals 
and the direct . apacit b tween 
the km n Th• capacity a mca -
ur d hetw n terminal include the 

p 

F 
FIGURE l1 

dir ct capacity plu the capacity to 
the third 1 m nt. R fcrring to 
Figure 11 the mea ured grid-filament 
capacity con i t of th capacity 
'GF and in addition GP and PF in 

n s or 

GF= 

(Apparent) 

the ymbol indicating direct capaci
t · xc pt wh r apparent capaciti 
are pecifi d. imilar equation may 
b written for the capacity bch·een 
any pair of terminal , and the direct 
capacitie may b comput d from the 
thre mea ured capaciti . . 

The computation may be avoided, 
and the direct capacities Ill a ured 
by means of a irnple modifi ation of 
a tandard bridge circuit. The third 
el m nt i brought to the junction 
point of the bridge arm . The bridge 
circuit with thi conn ction in place 
i hown in Figure 12. 

The bridge circuit in the figure is 
that of the General Radio Type 3 3 
Bridge, in which the unknown is 
shunted aero a calibrated variable 
capacity, and the circuit balanced 
against a fixed capacity before and 
after the addition of the unknown. 
In Figure 12 it will be seen that the 
direct capacity between terminal 
( e. g. grid-filament capacity) is 

hunted aero the tandard con-
den er. Th grid-plate capacity i 
conn t d aero th null indicator 
and doe no alf ct th m a uremeot, 

ince ther i · no volta aero it at 
balanc . The third capacity (plat -
filament) i hunt d aero one of 
th r i 'tance arm· of h bridge, 
aod may b comp wated for by the 
rcadju tment of the pow r-factor 
corr c ion conclen er. The capacity 
a mcc urccl with this circuit is, 

therefor , th clir ct capacit be
twe n the element . 

The following figure are illu tra
tivc of the values of capacity a 
mca ur d b th ordinar method 
and the direct capa ity. 

Betw en Total 

P
G
F-P 

apacity 
10.6 mmf. 

6.75 mmf. 
G.4 mmf. 

Direct 
Capacity 

.7 mmf. 
5.06 mmf. 
3. 1 mmf. 

mce the direct mea urem nt i 
often n d d th Type 3 3- Bridge 
will be provid d with a terminal for 
th conn tion of th third element 
a "tandar<l con truction. 

The chana-e can be made on 
bridge pr viou 1 manufactured at 
a co of 5.00. 

The change con i t of an addi
tional terminal o placed that the 
three-plug plate upplied with the 
bridge will make the connection to 
the third cl ment. If the filam nt 
mu t be kept hot i. e. is connect d 
to a battery or a particular termi
nal mu be kept at g1·ound poten

tial for any oth r r a 'on, it wiJl b 
po ible to mak connection to the 
third brid a t rminal by mean of 
the three plug plate for only one 
of the two po ible mea. urernent . 

flexible lead may then be u ed for 
connection to the 

·
third bridge term

inal. 

FIGURE 12 

cmCUIT OF THE TYPE 38J·A BRlDGE MODI

FIED FOR MEA URING DlRECT CAPACITY 

Characteristi Curve 
of Filt r 

�-
FIGURE 13 

ume that we have a ne of 
ingle- ction low-pa Jilt r' having 

cliff r nt values for cut-off frequency 
and iterative imp dance, bu ·on
structed ' ith a gi en typ of induct
ance unit. A ingle curve may then 
be u d to repre ent 11,ith a good 
approximation the att nuation char
acteri tic of any on of th fi lters, 

providing we plot at nuation a 
orilinat and the ratio of th cor
re ponding fr quency to the th oreti
cal cut-off frequency a ab ci sae. 

Likewi e, a ingle curve may repre
nt the characteristic of a s rie 

of high-pa filter-. Thi is illu -
trat d in the figure which how 
both the low-pa and high-pa 
characteri tics for a single section of 
filter working between a generator 
and a load each having the imped
ance of the filter. The low-pa 

cctions are of the l't-type, consist
ing of one serie (inductive) and two 

hunt (capacitive) element , while 
th high-pa section are of the 
T-type, compri ing two erie (ca
pacitive) and one hunt (inductive) 
element . 

We not that at the theoretical 
cut-off frequency either the high
pa or the low-pa type pre ents 
an a t nuation of about 3 decibels. 

If a numb r of identical sectioll'l 
be j ined in eries, the attenuation 
of the resulting multi ection filter at 
any fr quenc will be approximately 
that of a ingle section multiplied 
by the number of sections. 
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