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DEC E-RESI TA CE 
box i om.posed of in-
dividual decades connected 
in serie to the box termi-

nals. Their arrangement and inter-
connection are how:n in Figure 2. 
The result is not the pure re i tan e for 
which each separa Le resistor is adjusted 
by mean of a dire t- urrent bridge 
and which is indicated by the dial et­
ting. In addiLion Lhe re i tor and 
their w1r1ng have indu tance and 

capa itance which may be conveniently 
represented by the network of Figure 
3. These cause the box to have, at any 
frequency, a reactance and a pha e 
angle. The resistance will vary with 
frequen y, both beca u e of the fre­
quency characteristic of the network 
and because of skin effect or crowding 
of current to the urfa e of a solid con­
ductor. The existence of rea tance and 
the increase in effective res" tance with 
frequen y can he minimized by areful 

FIGURE 1. Four of t:he nine st:ock sizes of TYPE 602 Decade-Resist.ance Boxes. Their frequency 
charact.erist.ics are discussed in t:he accompanying article 
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FIGURE 2. In:terior of a TYPE 602-J Decade-Resistance Box. The decades are, from righ·t 1.o 
left, uni-ts, tens, hundreds, and thou ands of oh:m.s. A separate winding is used for each step 

design., but they can never be elimi­
nated. The object of all improvements 
in the high-frequency behavior of re­
sistance boxes i the minimizing of 
the e two effe t . 

For frequen ie b low 50 kilocycles 
the skin effect is :negligible and the 
equivalent inductan e i onstant.1 
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1 IGURE 3. Equiv al nt n 1.work of a resistor 

Thi equivalent "nductance L of the 
network is always smaller than the 
serie inductance L because of the 
shunting action of the parallel ca­
pacita:n e C: L = L-R2C (1) 

For mall value of re i tance the 
equivalent in uctan e is positi e, while 
for larger values it is negative. The 
tran ition usually o curs in the hun­
dreds of ohms. 

� Figure 4 show the values of L and 
L measured at a frequency of 1 kilo-

y le for each of the i TYPE 510 
De a -R i tance Units. The com­
plete ho es of Figure 1 are, essentially., 
a emblie of these units. 

The parallel apacitance C., :tlcu-

1The equivalent reactance below 50 kilo­
cycles is then X = wL 

lated by means of Equation (1) is about 
6 µµf and is independent of dial setting. 

The multiplicity of scale :needed in 
Figure 4 in order to cover the wide 
range of values of equi alent induc­
tance of the various decades may be 
reduced by using the ratio L/ R of the 
equivalent inductance to the eri s 
resistance. This ratio has the dimen­
s· ons of time and i called the time 
constant. Wh n the equivalent in­

d uctance is negative, the time onstant 
is still taken as positive., since the :net­
work is capacitive. In plotting it 1s 
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FIGURE 4. Equivalent inductance and "series 
inductance" as a fun tion of dial s tting for 
the TYPE 510 Decade-Resistance Units with 

their shields removed 
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FIGURE 5. Ti.:m.e on tant is plot:t:ed a a 
function of dial etting for TYPE 5 0 D cade­

Resi tance Units 

convenient to extend the t:ime constant 
scale below t:he zero axis in order that 
the curves m.ay be cont:inuous. 

The time constants for the YP E 

510 Decade-Resistance Un.its are 
plotted in Figure 5, ho h with the shield 
removed and with it in place but n.o-t 
connected, i.e., :Boating. The addition 
of a shield increases the parallel ca­
pacitance and thus affects the equiva­
lent inductance and time constant of 
the larger decades by increasing the 
term. R2C. When the shield is con­
nected to a terminal of the decade this 
capacitance is st.ill further increased 
and is no longer constant for the various 
dial settings. 

Values of these capacitances for the 
larger decades under the various condi­
tions of shielding are given in Table I. 
The time constant for these conditions 
may be found by adding algebraically 
to the time constants given in Figure 5 
that of the added capacitance. 

When a nUill.ber of TYPE 5 0 Decade­
Resistance Un.its are assembled on a 
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FIGURE 6. Time con tant for the different 
decades of four-dial TYPE 602 Decade­

Resis ance Boxes 

panel to form a TYPE 602 ecade­
Resistance Box, the re i tan.ce and in­
ductance of the wiring cormecting the 
various decades and the addition.al 
capacitances of the decades increase 
the equivalent resistance and reactance 
over that of the separate units. T e 
resistance and inductance at zero set­
ting of two-, three-, four-, and five-dial 
boxes are given in Table II. These zero 
resistances are not included m the 
resistances of the various units, which 

TABLE I 
Pa.ra.llel Ca.pa.cita.nce in µµf of 

Decade Resi tors 

hield Conn. c tion * 
Type o:f Decade 

Unit Ohm Re- Float- On 0 
mo-ved ing Zero Switch 

9 
510-D lOO 6-6 
510-E 1000 6-6 7-7 3l-l7 9-16 
510-F 10,000 6-6 10-10 33-21. 12-18 

602-J 1 

IO 

l.00 18-17 21-19 411-35 53-53 
1000 17-12 19-14 27-20 �3-63 

*First: figure is for zero set:t:ing, eco. d figure is 

:for maximum set:ting of the decade in. question. 
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TABLE II 
Zero Resi tance and Inductance of 

TYPE 602 Decade-Resistance Boxes 

No. of Dials R L 

2 0.005 oh:rn 0.2µh 
3 0.007 .. 0.3µh 
4 0.010 

" 0.4µh 
5 0.012 

" 0.5 µh 

are adjusted to be correct at their own 
terminals. They al o ha e a  large skin 
effect, because the wiring is copper. 

The time constants for four-dial 
TYPE 602 Decade-Resistance Bo es 
measured at a frequency of 1 kilocycle 
are shown in Figure 6 for the shield 
both removed and floating. The p ar­
allel apacitance are con iderably 
l arger for such a ho r than for a single 
decade and are given in Table I. They 
depend both on the number of decades 
in the box and on the position of the 
decade in question with referenc to 
the other decades. 

The effect on the parallel capacitance 
of the largest decade of connecting -the 
shield to a terminal of th box is least 
when that terminal leads directly to 
the smalle t decade. This connection 
however increa es the re i tance of the 
smallest decade because the resistan e 
of the higher decade are placed in 

erie with their capacitance to shield. 

T BLE III 
Percentage Error in Re i tance 

f or TYPE 510 Decade-Re istance Units 
Dec-

Type ade* 

Ohm 

510-A 0.1 
510-B 1.0 

510-C 1 10 

510-D 100 

510-E 1000 
510-F I0,000 

50 100 

0 0.1 

0 0 

0 0 
0 0 

0 0 

Frequency in kc 

200 500 1000 2000 5000110,000 
------------

O.l 0.3 1 4 25 

0.2 1.5 51 15 

0 0.1 0.5 2 11 

0 0. 1 0.3 0.8 4 
0-0.3 -1 - 30 

15 

0 - 0.2 -2 -6 - 6 

,-4 

I 
*Percent.ages are for maxirnuni setting of each 

decade. 

TABLE IV 
Percentage Error in I rnpedance 

for TYPE 510 Decade-Resi tance Units 

Dec- Frequency in k 
Type nde* _/ohrn 50 100 200 500 1000 2000 5000 10 000 

-- -- -- -- -- -- -- --

510-A 0.1 0.2 0.7 2 15 

510-B 1 0.1 0.2 1 5 20 
510-C 10 0 0 0.1 0.2 2 10 

510-nl 100 0 0 0 0.1 0.3 1 5 15 

510-E 1000 0 0.1 0.5 2 6 20 

510-F 10,000 5 20 

*Percent:ages are for maxirnurn setting of each 

decade. 

This effect has been discussed by Jones. 2 
For frequencies above 50 kilocycles 

skin effect is the dominant factor in 
determining resistance except for the 
largest decades. pproximate values 
of the ratio (expressed as percentage 
error) of high-frequency resistance to 
d-c r sistance of each of the TYPE 510 
Decade-Re istors are given in Table III. 

When a ingle decade or a number of 
decade are used as a voltage di id r, 
the impedance of the different units is 
the factor determining the accura y of 
the voltage division. Values of the 
ratio (e pressed as per entage error) of 
high-frequen y impedance to d-c re­
sistance of ea h of the TYPE 510 Decade­
Re i tan e Units are gi en in Table I 

For the TYPE 602 Decade-Resistance 
oxes the values of resistance and im­

pedance at high frequencies are greater 
Lhan for the corre ponding T PE 510 

ecade-Re i tance Unit by amount 
determined by the onne ting wires as 
shown in Table I I. When u ed in sub­
stitution method where the change in 
resistance rather than its absolute 
value is significant, Table III still ap­
plies, except for moderate changes in 
the highest decades. 

- ROBERT F. FIELD 
2Jones and Josep hs, Journal of the American 

Chernical Society, Vol. 50, 1928, p. 1049. 
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A DUPLEX SIPHON RECORDER 

IN the eptember, 1931, issue of t:he 
Experimenter, we announced a high­

speed c hronogr aph. Time-interval 
measuremen s to be made with a pre­
cision of something better than 0.001 
second. 

The present article describes an.­
other form of chronograph for use in 
problems reqmrmg a less-accurate 
measurement: of time intervals, the 
maximum precision being of the order 
of 0.01 second. This is the TYPE 456-A 
Duplex Siphon Recorder, shown below. 

The siphon. recorder is a well-kn.own 
device which, among other t:hings, has 
found extensive use in the au omatic 
recording of telegraphic code signals. 

ome form of writing tylus, pen or 
pencil, i made to move a short distance 
to and fro by t:he start:ing and topping 
of current t:hrough an appropriate 
electromagnet system. This stylus 
traces a line upon a strip of paper mov­
ing with a uitable spe d perpen.di ular 
to the motion of the stylu . 

If the de ign of the nergizing elec­
tromagnet is such that t:he deflecting 
for e increa e , in general, with the di -
placement, and if the mo ing member 
carrying the t Ju operates between 
fixed {'{'hack" and {'{'front" stops, 1:hen 
the familiar block form of trace will he 
produ ed whi h gives practi ally no 
indication of th wa form of the 
energizing current., but whi h affords 
deflection intervals proportional to the 
durat.ion of the current:. t low paper 
speed , the e trace are rectilinear in 
appearance. t the higher peeds, the 
to-and-fro motion trace a curved line, 
t:he extent of which (aJong the time 
a:xi ) depends upon the inertia and re­
storing force of the mo ing member. 
The instant at which the motion of 1:he 

stylus is stopped; that is, on triking 
the front con.tact on being energized, 
or the rear con.tact on being released, 
can, however., be determined with a 
sufficient precision 1:0 permit measure­
ments to 0.01 second at the higher 
paper speeds. These are the funda­
mental operating conditions for the 
TYPE 456 Duplex Siphon Recorders. 

A the name implies., this instrument 
carries two separate and individual 
pens which make adjacent traces upon 
the Y2-inch strip of {'{'ticker" paper. 
This paper, obtained in 5-inch diam­
eter rolls, is mounted on a reel 
hou ed in a drawer in the cabin.et base 
of the in.s1:rum.ent. The paper is 
threaded up through the panel and, 
sub equen.tly, over a rubber-faced 
drum which is driven by a 110-volt 
universal-type motor. Driving :friction 
is produced by a grooved tension roller 
pressing the paper again t the drum. 

TYPE 456-A Duplex Siphon Recorder with th 
protecting cover removed. Tape is fed from 

a reel in the base 
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While pa sing o er th ·top of the drum, 

the pa pe · is marked ith the two 
tra e by the pen , which, of course 
move para llel to th drum a:xi . 

The p n arm are energized by two 
eparate clo ed lec tromagnet a em­

blie , the windings of which -terminate 
in t wo pairs of t erminal po t . The two 
magnet and p n a emh lie may each 
be rai ed and l wered by thumb crews 
to adjust the contact of the pen upon 
the paper. Two cam arm are likewise 
provided for rai ing the p n and hold­
ing them away from the paper w ithout 
di turbi ng the adju tment of these 
thumb crews. The travel of ea h pen 
arm may be con.troll d by an adju table 
�back" crew. The re toring for e of 
each arm ma be adju t d to be t 
m et operating onditions. lncrea ing 
thi re t ring force increa es the speed 
of Lhe moving member at a sacrifice, 
of cour e of t he ensitivity . 

The p n on i t merely of two fine 
il ver tubes whi h are mounted on the 

arms by uitable pring clamps. The 
lower end of the p u tra els over the 
paper, while the upper end i su -
pended free from con tact in an ink cup 
which i mounted on the magnet as-

embly. Inks of different olors, a , 
for e ample, r d and blue, may be used 
for ea h of the two tra e . The flow of 
ink i pro u d by iphonic actio . 
A mall su tion ozzle i p1·ovided for 
starting the siphons. lso, two medicine 
stoppers for filling the ink cup . 

For maximum sensitivity, the lower 
end of the p n need not a tually 
touch th paper, the flow of the siphon 
being maintained by capillary a ttrac­
tion. Sui table i nk are provided which 
enable the de ice o be kept idle in 
readine for operation for at lea t 
twenty-four hours. The ink cup are 

readily emptied and the pen l aned 
by iphoning water through them. 

The shaft of the driving motor 1 

connected to the drum haft tbrougb a 
buil t-i r duction gear sy tern, which 
i an in tegral part of the m tor. B th 
use of different motor , pap r peeds 
from 0.1 in h to 7 inches per e nd 

an be obtained. rheo tat is prov ided 
which nable the paper peed with 
any one motor to be varied over a ra­
tio of about 4:1. 

The tandard form of pen magne-t 
is each wound to a resistan of ap­
pro imately 2400 ohm which enables 
the pen to be operated by a minimum 
current of 2 milliamperes (5 volts 
across the winding). pecia higher 
re i tan e winding would permit oper­
ation by minimum currents between 
0.5 and milliampere . 

The standard motor used has a gear 
redu tion 44: and by mean of t:he 
rheo tat gives paper peeds from 0.8 
inch to 3.5 in hes per second. Other 
motor having gear reductions 72: , 
595:1, and 1120:1 are a ailable for sub­
stituting to obtain propor ion.al hanges 
in paper speed. 

In making -time interval mea ure­
ments wi th this chronograph it i us­
tomar to energize one pen at kn wn 
time inter als uch as 0.1 se ond, LO 
second or any other de ired alue, 
while the other pen re ponds to elec­
trical currents associated with the 
phenomenon to he timed. An example 
of such a te hnique was de cribed in 
conj unction with the cardiota hom­
eter in the J uly, 1930, issue of the 
Experimenter. 1-Iere the time "ntervals 
were one second apart and the se ond 
pen recorded each heart beat. In this 
manner a continuous and permanent 
record of the heart: rate was obtain d. 
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This same procedure may he adapted 
to a wide ariety of problem involving 
timing operations as, for e ample, the 
timing of chemical phenomena, of ath­
letic events, of ehi le peed of traffic 
distribution, of the flow of liquids and 
of he fa]] of ball in vis ou media, et . 

The me tho u ed for uring the 
reference time inter al depends upon 
the particular problem at hand. One­

eco:nd and one-minute interval can 
readily he obtained from uitable clock 
mechani m, while one-second and 0.1-

econd interval an be obtained from 
conta t operate by yn hronous 

otors dri en by 60-ci s or any other 
regulated alt ernating-current ources. 
If the regu la ti on of uch urrent i not 

uffi iently pre i e for the problem, it 
is quite feas"ble to uperimpo e one­

econd interval from an ac urate 
lo k u1 on a serie f 0.1-second inter­

vals from the ynchro:nou ommu-
tator, ·the latt r er ing merely ·to 
de imate the ac urat one- econd in­
tervals. The speed of the pap r will be 

u:ffi iently uniform to enable one to 
interpolate to 0.01 second between the 
marked 0.1-second intervals. 

The pri e of th TYPE 456-A Duplex 
iphon R cor er, described above and 

shown in the illu tration, i 190.00. 
In some lines of work, it be omes 

desirable to provid a remote and in-

term.ittent control for this iphon re­
corder o that am pl records may he 
obtained at tated intervals ins-t ad of 
a ontinuous record o er a long run. 
For thi purpo e, the recorder may be 
fitted with two olenoid w·hi h, when 
not ene ·gized, reJea e the p n from 
contact with th pap r, and thus in­
terrup1: the flow of the ink. The driv­
ing motor ma , of ourse, be stopped 
at such time , thu minimizing the 
amount of paper used. The TYPE 
456-B Duplex Siphon Recorder, which 
is fitted with the e solenoids, is priced 
at 225.00. 

It will be evident that the to-and-fro 
motion of the pen arm, energized b 

uch feeble urrents, could imultane­
ously be used a a n "ti e relay to 

ontrol a considerably greater amount 
of el tr· cal energy than that required 
to drive the arm. Ji or u h a purpose, it 
1 qui feasible ·to fit one f the pen 
arm with sui able re1ay contacts. In 
the cardiotachometer equipment, for 
instan e, ·th pen arm energized by the 
heart pul e i provided with su h 
contacts through whi h an irnpul e 
counter · s dri en, thus affording a 

ount of the total number of heart 
beats in any given interval, in addition 
to the varia-tion in heart rate from time 
to time as shown by th tape re ords. 

- HoR TIO W. L 

100% MODULATION FOR THE AMATEUR PHONE 

T
HE la B Modulator, using tran -
former coupling to the radio-fre­

quen y amplifier, ·eliminates the high 
wattage tub with b high plate 
voltage u ed in the las modulator 

ystem, and permits lOOo/c modulation 
with relatively low power. modulator 
and a speech amplifier as shown in the 

a o pan ing diagram, u ing only two 
210-t pe tub in pu h puJl a the 
modulator , wiU ea il m dulat 100 
some 50 atts plate input to a Cla C 
radio- frequency amplifier. 

In t e diagram the mi rophone and 
speech amplifier c"rcuit are typical of 
those in use in amateur modulation 
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Wiring diaf!,rarn for'!' complete sP..eech amplifier and Clas B JJ:-Iodulator, capable of modulatinf!, 
50 watts of plate -input for a Clas C radio-frequency amplifier . See the LegenJ below.* 

syste s at t:he pre ent: t:ime. The ne -
e sary additions are t:he input and out­
put t:ransformers of t:he modulator. 
General Radio TYPE 292-A and TYPE 
292-B Transformers have been de­
signed and built to fulfill the needs of 

Left: TYPE 292-A Transform.er 

Right: TYPE 292-B Transformer 

t:he amateur de iring to change his 
modulator y tem t:o Cla s B. 

- M. c. HOBART 

*LEGE D 
R1-TYPE 301 Potentiometer, 200 � 

R2-TYPE 47l Po- tentiom et r, 
lo ,ooo� . . . . . . . .  . 

Ra-TYPE 437 Cent r-Tap Resi Lor 
Li - TYPE 379- R-F hoke 
Ti-TYPE 585-M Tran former (for 

single-button microphone) 
TYPE 585-M2 Tra n. former (£ r 

double-button. microphone) 
2-TYPE 54 l- Tran. former 

T3-TYPE 292- Transform r . . 

T 4-TYPE 292-B Ti· a nsformer . . 
T&-TYPE 565-B Full-"'\ a e Trans-

former . . . . . . .  . 
T 6-TYPE 545-B ran formt"r . 

TYPE 527- Rectifier Filter 

$1.00 

6.00 
.50 

1.25 

0.00 

0.00 
7.50 
7.00 

10.00 

13.50 
10.00 
17.50 
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