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A New Relay 
With this month's EXP U I.la E.sTEIl 

the General Radio Company an­
nounces a sensitive signal relay. This 
instrument, the Type 481 Reb,y, is 
illustrated in Figure 1. A permanent 
horseshoe magnet provides the field 
and forms a protecting shield about 
the coil and r<!ed. The coil is mounted 
aboul midway of the sides of the 
magnet and the reed fixed nea r the 
toc. The distance from the center 
of the poles to the point where the 
reed is sccured is 2t,~ inches. The 
contnds wilh adjusting screws COIll­

plett' the instrumt'nt. An unusual 
feature of this relay is 

l.K:re in the ~ignRI circuit, and it "..iIl 
folio", impulses of frequencies as high 
Ii" J 15 c~'clt:s per second. The tung­
.. h·/1 contacl points will break one 
H.Hllx'r(' ",ithout burning. 

JJy C. T. Be UKE, Engineering . O l'lW r Lm pri L 

in the case of high speW signllis of 
('onsiderable intensity, this ~hift 

the distance ~tween 
the pole pieccs-O.47 
inches. Thi!l wide Scp­
arft.tion llrovidE's n uni­
form Held in the region 
through which the reed 
move~. The ('Wed of 
this is to make the ad­
justment of the reed to 
the neulral position 
Jess critical. 

In operation, lhe ad­
justing screws, which 
determine both the po­
sition of the reed in the 
fi eld and its trave1, are 
adjusted so that the 
reed takes up the neu­
tral position III the 
field. The location of 
the neutral position 
will shift somewhat as 
a re.suit of an average 
current ill the coil, and 

fl eUR!:! I 

IIll1y be comparath-ely Iflrge. With 
the reed in the neulral position, a 
signal (which may for ('oll\'enience 
be supplied by Illl interrupter) i .. 
impressed on the relay coil. The 
contacts of the coil I1rc ndjustl'ti ~o 
that the rC<'d strike~ ('\entv without 
chatter on either sid e. Th-is adjust­
ment may be mflde with " sounder, 
but it Cflll be grcnll.r fll ci litllted hy 
means of a ,-iSllll! type oscillo­
grflph. 

T he minimum upcrllting" current or 
Ihe 'I'YI'(' ~81 He­
Iny i, Olll" milli'llll-

.\ rday of this type has many uses 
111 the luoonliorr. as WI:U as in the 
('ouUlh:rcitll comn;ullicntions ficld. The 
high 't(,lIsitivity aHained permits the 
U't' of the Type 481 R elay with lit­
tle amplification for lhe aduation of 
(·hrollographs from time signals, 
~ignld recorders, or other apparatus 
II Iwre remote control by lIleans of 
rudio, cflrrier or low-frequency cur­
nut Impulses i~ desired. Hcctification 
h, of course, required where the im­
pulw ('urrent is of high frequency. 

The _mcch.anical .im­
plicity and ruggedness 
of the relay particular­
ly recommend it for 
uses where little atten­
tion can be given to the 
apparatus. 

The operation of the 
relay is best iIlustra­
led by a few o8cillo­
grflms. The oscillo­
grams of Figures 1 to 
9 were taken on a 
string oscillograph, us­
ing the recently devel­
oped double st ring­
holder which permits 
simullaneous viewing 
of the current in both 
the coil and the contact 

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



~ _________ T~H~E_G=E=N=E~R~Al~R~A~O~(O~Ex~P~ER~(~M_EN_T_E_R--________ ___ 

• • • • -

,,,,_ I- I 
" "". 

FlGUR£ 1 

circuil!;. Tile o.)cillognulls arc allllr­
ranged \\ilh the coil current at. t.he 
top and lillie proceeding (I'om lert 
to right. Thc zero cu rrent lincs Ilrc 
tl.l the bottom. The timing lines on 
the films mad, O.O'-Ii~Ond illtcnals. 
Figure :? liho"'~ the clTect of n 'cq' 
badly adjusted I"clay. The effect's 
of chattering und uouncing are vcry 
marked. The relay fH,iis entirely 
011 mHlly impulses. For contrast, 
.Figure ;l show.) It well adjushxl. 
relay. A firm contact without any 
trace of !)ounce is made on ench 
lilrow of the reed. The trace of the 
coil current shows plainly the grad 
unl building up due to the indl1cblll(,(, 
of the coil. The contact current 
shows no change until the coil cur­
rent rea ches a crilieu! \'alu('. tlll'n 
rises aIIllO\t. at. ollce t.o ih finnl value. 
' I'h .. effect. is t.o gi"e a sharper signal 

r-,-, _....if 

011 the ('olltad side thAn on the coil 
side. Th is would not. normally hold 
true in r.ignal circuits, where the in· 
ductance of inst.rument.'! would slow 
dOlont tht.' grow til and d('cay o( ('ur~ 
rent. Such effecls may be minimized 
by means of condensers properly 
placed. T he important. fact. in con­
nection ",ith t.he relay is t.hat its ac­
t.ion is quicker t.han t.he normal 
growth of current in t.he circuit. '1'h(' 
impulse on the contl\et side is slight­
ly long('r thllll that on the coil side, 
due to the filet that the contaet cur­
rent r('main .. at (ull value until 1h(' 
coil cUrr('nt ha<: dccfl.vt'fl to c.·it ieRI 
value for the rcla," at. thi~ adjust· 
mellt. The tClldcllC\' of tll(' contlld 
to sti('k dosed is pillinl~· shown h~' 
thc fnet that the currcnt required to 
hold lhl" ('ontRd c1o.,('(1 i~ Ic .... thall 
t1mt r(,(]IItI"l'(1 to close it. 
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.1CURE 5 

l<'.gurc ~ I\S", nlllrie uliing the other 
COlltll"t .,0 that nil increllse in coil 
current brulks the contact. A good 
rcla}" !Hlju~tmcnt with hoth contacts 
"orking ~il1lilar1y is indicat.ed. The 
"tllle gmdulll gro"tll of current a~ 
(I("curr<:(1 in Figurc:j will 1><' obscr\'('(1. 
The ("Olltll(~t >;lays open some time 
lifter tl1l' ('oi l curJ·cnt drops. T hi 'i 
lng i~ due to the ~um or two effed,. 
Fir~t. the rL'ffI docs 1I0t start to 1Il0\'e 
until the current drops to the critical 
Htlll(': lind ,econd. the contnd i.~ not 
1I11ld(' IIntil th(' reed hn trnvci('d from 
(:ontncl to eon tllet, i. c., the open·cir­
t·uit period in("lude~ th" trl"'cl limt'o 
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The closed-circuit period, however, 
(Figure 3) includes no travel time. 
On this particular re('ord t.he lag is 
somewhat excessive, lind suggests 
that the back contact is not perfect· 
Iy adju~ted. n possibility that other 
o~cillograms show to be R ("ct. 

F igure 5 was made by allowing 
the vibrator 011 the interrupter to 
(·ome grlldualJy to rest. The succes· 
... j\·c1v shorte r inten'als arc interest· 
ing 'in showing how t.he relay will 
respond to short i III P u I s e s 
a nd ragged waveforms. Nowhere 
docs the coil cur rent record an im· 
pulse not recorded in th(' contact 
ci rcuit. T he slight. chattering 
CAU"OO by irregularitics in the coil 
current arc illtcruting. 

F igurc'i G And 7 arc for n higher 
fn'qucJlcy of siglin I impulses. Roth 
o~cillogramli arC' for the (rout or 
dosed-circuit contact. ~o chalter· 
ing or bouncing is indicated, e'·en 
with the relay spc«lcd up. 

FIGURE 7 
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Figure 8 shows the back or open­
circuit contact at. high speed. The 
bouncing e'"id cnt here re'·eals the 
faulty adjustment of this contact 
which Fi"rure 4, led us to expect. 

Figure 9 was made wit.h t.he front. 
fllld ba(·k contach tied together, so 
that cur rent flowed II hen the rero 
\IllS in co ntnct with either side. The 
opclI-circuit spnces on this record 
n'pre~ent tile time taken by the reed 
to trn\'el across the gap. It win be 
noted thnt Rlternate PIU'('o; urt'! ('om· 
pnrntively IlIrge. Compari~on with 
the other rccords re,'cal this t.o he 
due t.o t.he faulty adjust.ment. of the 
hack contllct already observed. 

The time of transit of the relay 
i\ 1\11 important characteristic, since 
it. hall 1l dired bearing on the ~pCflI 
of signal "'hieh Illay I~ followed. 
Comparison I\ith t.he timing lines on 
the film whieh arc spaced 0.01 sec· 

' I'" I ,. e- ' ~ 

r-I'" -. ~ ~. 

~ - '" ~ ~ -
olld "I'II,·t shows that the shorter 
tranl t.ime was about 0.002 second 
and the longer about 0.008 second. 
The difference in time indicates that. 
the reed Wlt~ not eXllctly in the IICU· 

tral position, and had a greater re­
sto ring force 011 one side . 

II is int.crcsting to note that the 
horler time intervRI eorrco;pooch to 

n "elocit), of about 0.02 miles per 
hOllr, and an acceleration of about 
20 mile~ per honr per second, or from 
sta llrl sti1l to sid)' in thrN' seconds 
with"-'"t ming the gcar,,! 

The price of the 'I'ype ~8 1 Low· 
Current R elny is $30.00 net 

Code W ord: NOMAD. 
D imensions: G x 2 x 1 inches. 
\Veight: 211, poumk 
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Three·Decade Voltage 
Divider 

In laboratory procedure it ill fre­
quently desirable to subdivide Ii ,·olt­
age with a greater precision than is 
possible using a single-dial type of 
divider. This may, of course, be ac­
complished by using two three-decade 
r~istance bo):{'s of appropriate 
ranges joined ill series. Such an 
arrangement requires the second box 
to be set lit the "complementary" 
reading whellcn:~r the first box j,. 

varied, if the total resistance of the 
divider is to remain constant, which 
at best is a bothersome procedure. 
This incolll"Cnicnce may be eliminated 
by operating the dials of the two re­
sistance boxes in pairs but in a re­
verse sem.t', and arrangmg the 
circuits as shown in Figure 10. Here 
the total resistance of the vollage 
divider acro~s the input terminal r('­
maillS constant, while a (raction of 
the drop alollg it i, taKen 01T at the 
output terminals. 

T\' I'I! 5H VOLTAGE DlVIOER 

H the rCltistance dials are progre~­
~i\'e decades, the in .. trumellt will gi\'e 
a direct reading of the voltage ratio 
in three! significant figures. For in­
stance, in Figure 10 the dials are 
shown set to give a \'oltage ratio of 
0.888. With this, as with an.v non­
compensated mltage divider, the 
clllibration in voltllge attenulltion is 
vlliid ollly \\hcn no current is drawn 
from the output terminals. The at­
tellulltion or such a multiple-dial 
di\·ider must obviousl.v be given in 
\'oltage ratios, that is, in a linear re­
lation. Calibration in decibels, n 
logarithmic relation. is 1I0t possible. 
Howe\'C~r, the attenuation in decibels, 
~, may be determined dm.-c tly (rom 
the \'oltage ratio. It, b~' llIean'i of the 
l'quation: 

H will be noted that this divider 
nffords one comlllon input and out­
put terminal. 

The GeneraLRadio Company Jlft~ 

de\'eJoped such a three-dccade voltltge 
divider known as the Type 55-1. \'olt­
age Divider, which is shown in the 
illustration. This has a total resiltt­
ance o( 10,000 ohms subdivided into 

9 steps oC 1,000 ohms each 
9 steps of 100 ohms each 

10 steplt or 10 ohms each 

which enables a conycnient direct set­
ting of the voltage ralio rrom 0.001 
to 1.000 in steps oC 0.001. By using 
an e...xlernal resistnnce oC 00.000 
ohms in series with the input termi­
nals of the instrument, the voltage 
ratio mil.'!' be Itdjusted from 0.0001 
to 0.1 in steps of 0.0001, etc. 

The Type 55~ rollage Di\·idcr IS 

mounted in u walnut cabinet 22 x 
9% x 4 inches and i" provided wilh 
a dust co\·er. The resistance units 
are wound to be non-reactive and are 
adjusted to a preci!lion or 0.1 %. 

The net price of this instrument, 
A'isembled with a tolal resi~tance of 
10,000 ohms, is 175.00. 

Other reltisttance \'alues may be 
made to special order. 

fWt.:Rt 10. WlalNG OIAGIlA.\1 FOR TYPE Uot VOLTAGE DlVIOER 
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Coils for 
Types 389 lLnd 489 

1I1agnetostriction 
Oscillators 

The General nadio Company has 
li tandardized a series of coils lo be 
u~C\1 wilh either of the Types 389 
or .JoBH Pierce )'laglletostrictioll Os­
cillalors. These coils are designed 
to be u~ed with o/s-inch nichrome 
rod~ covering the frequency range 
from 5,000 to 50,000 cycles. Their 
applicability is indicated in the 
,ehedule below. 
Co.1 F'~9" .. ncr Kil""'rd .. p .. , S.cond 

5 7 .5 10 15 20 30 40 50 

x x :xxx xxx 

Uf·' x x xxxxxx x x 

lite x xxx xxx x 

'"_D XXX xxx x 

x indicates coil may be used with 
rod of this rrequency. 

xxx indicates best coil for use 
al corresponding (requency. 

It will be noted that Coils 389-B 
and 389-D together cover the entire 
range, although not always with 
optimum e.fficiency. 

These coil assemblies carrY a net 
price of $30.00 each. 

The Experimenter to 
Ha ve a New Etlitor 
Starting with the next issue the 

EXI'EIlIMEXTER will have (or its Ji.:di­
tor, John D. Crawford who joined 
our Engineering Department on 
February 1. He is a grllduate of 
the ;\l assachuseUs Institute or Tech­
nology and (or the past two year .. 
has been AS'listant :Managing Edi­
tor of ThE' Technology Review. 
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Meas urement, of Direct 
Capacity 

In the dc&ign of \acuum-lube cir­
cuits it is !tomtlimes nccc.ssarv to dis­
lingui.sh beh Cl' lI the cap';cily as 
mcn~ured lx-lw(·~·11 two tube terminals 
81KI the dir~ct capaeily between 
the {'\uJ1cub. Till' {'Ilpacil." a~ mcas­
un'(i hchn'('11 h:rminnl;, includes the 

p 

G---l-+J 

F 
FIGURE II 

direct capacity plus the capacity to 
the third C'lcmcnt. Hc({'rring to 
};'igu rc 11. the mensu red grid-filament 
capacity co nsists of the capacity 
eel' and in addition eCI' and Cpp in 
series, or 

eet' CG~'+----
(Apparent) CGP+CI'F 

t he symbols ind icating direct ca paci­
ty excep t whf'rc appa l'cnl capacities 
are spccitied . Similar ~uations may 
be written for the capncity between 
any pair of terminals, and the direct 
capacities rna.'" be computed from the 
thnoe measun'(! capacitic~. 

The computn.tion may be al'oided, 
Ilud thc direct capacities mcasured. 
by means of ft simple modification of 
a standard bridge ci rcu it. The third 
eJement is brought to the junction 
point of the bridge arms. The bridge 
circuit with this COllnection in place 
is shown in Figure 12. 

1'he bridge ci rcuit in the figure is 
that of the Genera! Radio Type 383 
Bridge, in whi ch the unknown is 
shunted across a calib rated variable 
capacity, and the circuit balanced 
against a fi xed capacity before and 
after the addition or the unknown. 
In l ;>igure 12 it will be secn that the 
direct capacity between terminals 
(e. g. grid-fliarncnt capacity) is 

shunted across the st tl1ldard con­
denser. T he grid-plate capacity is 
cOllnected across the null indicator, 
and docs not affect the measurement, 
si nce there i:; no "ollage Ilcross it at 
blliance. The third capacity (plate­
filament) is shunted across one or 
the rc:;istallce arms of the bridge, 
ftnd mil ... he compenslI.ted ror by the 
rClidju stmcnt of the pO\l er- factor 
correction cOmh'n'l'N" The capacity 
as measured with this circuit is, 
t hereforc, the direct cllpacity be­
bn:-cn the clcmcnts . 

The following figutes are illustrll­
live of the ntlues or cllplleily R~ 
mcasUl·cc:1 by the o rdinary method 
n nd the direct (,IlPuci ty. 

llt!l ,cee" To ttll 

P - G 
G - }' 
F - P 

Capaci!." 
10.6 mill!. 

6.75 mlllr. 
6.4 111m!. 

Direct 
Capacity 
8.78 mmr. 
5.00 mm!. 
3.71 mill!. 

Since lhe direct measurement is 
oftcn needed, the Type 3s:J-A ll ridge 
will be pro"ided \I-i th a terminal for 
the connection or the third elemenl 
as ... tandanl construction. 

The cha nge ca n be made 0 11 

bridges previously manufactured at 
a cost of $5.00. 

T he change co nsists of an addi­
tiol1nl terminal so placed that the 
lhree-plug plate supplied with the 
bridge will make the con nection to 
the third element. I f the filament 
must be kept hot i. e. is connected 
to a battery. or a particular tenni­
IIIlI must he kept at g round poten­
tinl for lin)' other reason, it will be 
possible to make co nnection to the 
third bridge terminal by mea llS of 
the three plug plate for only olle 
ot the two possible measuremenb. 
.\ flcxible lead mav then he used tor 
connection to the "third bridgc term­
iURI. 

FIGURE 11 

CIRCUIT Of THE TYPE JU·A BRIDGS ),fOOl. 
FlED FOll MEASURING DIRECT CAPAC.tTY 

Characteristic Curves 
of Fillers 
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Assume that we have a se ries of 
... ingle-section low-pass filters, having 
difTerent values ror cut-ofT frequency 
a nd iterative impedance, but l!on­
strucled with a giYCIl tnlC or induct­
ance unit. A single cur\'e may then 
be used to represent. with a good 
approximation, the attenuation char­
acteristic of anyone of these fillers, 
pro\iding we plot attenuation as 
orrlillates a nd the rutio or the cor­
responding frequency to the theoreti­
ca! cut-olT rrequel1cy as abscissae. 

Likewise, Il single cune may repre­
st'llt the charllctui stics or ll. series 
of high-pass filters. T his is iIIus­
trllted in the figure which shows 
both the low-pnss and high-pass 
cha racteristics for n si ngle section or 
filter working between a generator 
and a load ench having the imped­
a nce or the filter. The low-pass 
sections are or the l1-type, consist­
ing of one series (iIKlucti\'e) and two 
shunt (capaciti,'c) eJemcnls. while 
the high-pass sections are of the 
1'-type. comprising two series (ca­
pacitive) and one shunt (inductive) 
clements. 

We note that at the theoretical 
cut-off frequency either the high­
pass or the low-pass type presents 
lIB atte nuation of about a decibels. 

Jf a number or identical sectiom 
be joined in series, the attenu ation 
or the resulting mul tisection filter at 
a lly rrequency will be IlpproximateJy 
thnt of a single section multiplied 
by the number or sections. 
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