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A REDESIGN OF THE VACUUM TUBE BRIDGE 

IN TH IS ISSUE 
Pap,e 

IMPED NCE BRIDGES 
A SEMBLED FROM 
L BORATORY PARTS 
-PART V . . . . . . .  5 

eTHE TYPE 561-A VACUUM TUBE 
B R I D G E * was introduced over nine years 
ago in order to provide a means of meas­
uring the three dynamic t.uhe coefficients -
transconductance, amplification factor� and 
electrode resistance-over the wide ranges 
of values encountered under various oper­
ating conditions in the many new types of 
tubes then coming into use. The bridge em­

bodied new measuring circuits to provide flexibility of operation and 
to permit the balancing of currents through the tube capacitances with­
out affecting the measurement. 

*General Radio Experirrnmter, May, 1932. 
. 

FIG RE 1. Panel view of the bridge with it plug-in socket adapters • 
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GENERA-L RADI O 2 

Although the original instrument has 
undergone only minor design modifica­
tions, it has been in steadily increasing 
demand ever since it introduction. The 
measuring circuits th mselves have not 
been changed and have proved fully 
equal to the problems which have been 
encountered. The socket arrangement, 
however, has not proved adequate, al­
though new adapters have b en supplied 
as new requirements aro e. Tub manu­
facturer and other u ers have usually 
found it desirable in etting up the 
bridge to employ their own socket 
arrangement and power-supply circuits 
instead of tho e supplied. A redesign of 
this portion of the bridge has been 
need d to provide a truly universal 
arrangement. 

There is no eviden e that the intro­
duction of ne' base types is approach­
ing an end, and the logical olution of 
th problem seems to be to eliminate the 
sockets entirely from the bridge and to 

provide a jack plate, into which any de­
sired socket can be inserted. Moreover, 
the tube industry ha not found it possi­
ble to maintain standard ha e connec­
tions, and several different arrange­
ments are now found even of cathode, 
heater� and shield connections. The de­
cision was made, therefore, to provide a 
correspondingly numbered cord and 
plug for each socket terminal. By this 
means the desired electrodes can quickly 
be connected to the measuring circuits 
and power supplies, and several elec­
trodes can readily be connected in 
parallel, as when testing a pentode 
connected as a triode. 

Figure 1 is a photograph of the rede­
signed bridge, called TYPE 561-D, show­
ing the jack plate with the TYPE 274 
Jacks to receive the plugs on the socket 
plate. Figure 2 is an enlarged view of the 
tube-control portion with an octal socket 
i n s e r t e d  i n  p o s i t i o n  a n d  t h e  c o r d s  
plugged i n  for measurements on a 6SK7 
tube operated as a triode. It will be noted 
that three jacks, parallel connected, are 

Fie RE 2. View of t:he "tube con.t:rol portion of the pan.el wi-th cords plugged in for a typical 
measurem.en.1:. 
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m.arked PLATE. These run to the plate 
portion. of the m.easurin.g circuit and 
thence to the plate supply battery. In 
the exam.pie shown, the tube is operat­
ing as a triode, so cords from the sup­
pressor, screen, and pla:te, hearing the 
numbers of the socket terminals 3, 6, 
and 8, respectively, are plugged in.to the 
three plate jacks. The cord from the con­
trol grid, number 4, is plugged into one 
of the two CONTROL GRID jacks, 
which lead through the grid portion of 
the measuring circuits to the grid bias 
source. The shell and cathode cords, 
numbered 1 and 5, are plugged into two 
of the CATHODE ANDGROU Djacks 
and cords 2 and 7 into the A-C FIL 
jacks, thus completing the socket termi­
nal connections. Leads to the required 
plate and control-grid voltage sources 
are not shown, but would be attached 
to the correspondingly marked pairs of 
binding posts at the top of the panel. 

The general arrangement is very flex­
ible and any imaginable electrode con­
nections can he made quickly and easily. 
It will be noted that terminals for three 
extra voltage sources are provided, in 
addition. to filament or heater, control 
grid, screen grid, and plate. This is so 
that measurements can be made with 
the suppressor and other auxiliary elec­
trodes maintained at specified voltages 
other than cathode potential. 

The cord and jack arrangement has 
the add.it.ion.al advantage of permitting 
full shielding of the various terminal 
conn.ec-tion.s, so that the stray capaci­
tances which are balanced out in the 
measurement are only those of the tube 
and socket. The cords have a concentric 
braided shield, over which is molded 
rubber composition of high durability. 
Concentric plugs and jacks are used so 
that the shields run all the way to the 
jack plate, no matter what cross-con­
nections are required. In the measuring 

3 EXP ER IM EN.TE R 

circuits a guard connection is em.ployed, 
which is at plate potential, to shield the 
plate electrode and the wiring connected 
to it. This is brought to the outside ter­
minals of the three plate jacks and 
thence through the shield braid on the 
cord to the socket terminals of the plate 
and other electrodes connected in paral­
lel with it. When the shields of the other 
cords are plugged into any of the other 
jacks they are connected to ground. This 
double system of shielding, although 
involving complications in the design of 
the instrument, permits a very simple 
and straightforward technique on the 
part of the user, as no precautions need 
he taken in the measurement even when 
extreme values of the tube coefficients 
are encountered. 

It is evident that any electrode or 
combination of electrodes can he con­
nected to function. as the control grid 
and any other electrode or combination. 
as the plate or operating electrode. It is 
sometimes important, for example, to 
determine the dynamic resistance in the 
control grid circuit when the grid is 
taking current, and the parameters 
corresponding to amplification factor 
and transconductance can be measured 
showing the influence of the other elec-

FIGURE 3. Schematic diagram of the circuit for 
measuring transconductance. 

STANDARD /RESISTANCE 

CAPACITANCE BALANCE 
DECIMAL 

/ATTENUATOR 

'---------1.---'l--r-ll�Gc-
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GENERAL RADIO 4 

trodes on the grid current. Another 
quantity frequently of interest is the 
am.plification fa tor of the screen elec­
trode with respect to the plate current. 
The new cord and jack arrangement 
permits special mea urement of ·thi 
kind to be m.ade as simpl and directly 
as those of the u ual quantities. 

The three-tube oefficients are defined 
in terms of small incre ental voltages or 
currents in the grid and plate cir uits, 
and the bridge prov"des two independent 
1000-cycle soUI·ces which can be varied 
over wide limits and inserted in any 
required circuit of the tube. Figure 3 
shows the arrangement for transcon­
ductance measurements. The two sepa­
rately-variable voltages for the grid and 
plate circuits are derived from the same 
1000-cycle source. In order that the 
power supplies can he at ground poten­
tial and conn.e ted at one side directly 
to the cathode, the two voltages are 
obtained from the windings of separate 
·transformers. On the secondary side of 
each tran former is a tep attenuator for 
varying the voltage by factors of 10. In 
the pri ary of one of he transformers 

. is a decim.al attenuator giving to three 
significant figures the relative value of 
the plate-circuit oltage e2• The grid­
circuit ohage e1 cau es an alternating 
current to flow 1:hrough the output tran -
former in the plate circuit. The voltage e2, 
ac-ting through the standard resistance 
R8 sends a CUI-rent in opposite phase, 
and balance is obtained when the two 

currents through t e output transformer 
can.eel. The condition of balance is eiSm 

e21 
= ez/R8 or Sm = -- and the tran con-

e1Rs 
ductance is determined b the ratio of 
the two test voltages and the standard 
resistance. Any quadrature component 
through the output transformer, result­
ing from the tube interelectrode capaci­
ties, can be balanced out by the voltage 
of the extra split secondary, acting 
through the double-stator condenser. 
This adjustment does not affect the 
balance conditions for the in-phase com­
ponents and consequently has no effect 
on the measurement. 

A imple rearrangement of the two 
standard oltage ources permits the 
measurement of each of the other two 
coefficients, amplification. factor, and 
pla·te resistance. In each case, the re­
quired quantity is expre sed imply in 
terms of the ratio of the two te t olt­
ages, and can be ead to three ignificant 
figures by the etting of the decimal 
attenuator. Thi is adjusted hy the three 
controls at the bottom of the panel. A 
detailed analysis of the measuring cir­
cuits can be found in a pa pert describing 
the original TYPE 561-A instrument . 

- W. . TUTTLE 

General performance specifications for 
the TYPE 561-D Vacuum- ube Bridge 
are ident· cal with those for the older 
TYPE 561-C. The price remain un ­

changed at $375.00. 

tW. . Tuttle, "Dynamic Measurement: of Electron Tube 
Coefficient:s," Proc. I.R.E., o. 21, pp. 884-857, Jun , 1933. 

CORRECTION 
In the price list for TYPE 723 Vacuum-Tube Fork, appearing in the October issue 

of the Experimenter, there occurred a transposition of code words for the a-c power 
supply and the set of batteries. The correct code word for the TYPE 723-Pl -C 
Power Supply is s AKEYPACK, and that for the set of replacement batteries is 

AKEYBATT. 
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5 EXPERIM ENTER 

IMP EDANCE BRID GES ASSEMBLED 

LABO RATO RY P ARTS 

F RO M  

PART V-IN DUCTAN CE MEASUREMEN TS 

e T H E M E A S U R E M E N T of capaci­
tance and dissipation factor of con­
denser by means of .. bread board" 
bridges as emhled _from standard labo­
ratory omponents _has been discussed in 
previous Experimeriter articles. sing 
similar te hnique and equipment it is 
pos ih le -to make e cellent measurements 
of inductance and reasonably good meas­
urements of Q.l 

Inductance an he measured by com­
parison with a known inductance using a 
ratio arm,2 or ��simple impedance" 
bridge, or in terms of capacitance using a 
product arm2 bridge. In the latter cla s 
are included the bridges of Hay, Owen, 
and Maxwell. These all measure induc­
tance in terms of the product of two re-

1The symbol Q is used to denote the ratio of series re-
. . F - d � '-- '- . wL e1stance to senes reactancc. or an m uctor. LLUJ> 18 If"" 

The tenn "storage factor" is also used for this quantity. 
2The de11ignations "ratio arm bridge" and "produc1. arm 

bridge" mean simply that, for t.he former, the unknown re­
actance is determined by the ratio of two resistance arms, 
while for the latter the two resistance arms appear as a 
product int.he balance equation. Thie terininology, all.hough 
not generally accepted, has found limited use in the liter­
ature. See, for example, "Classification of Bridge Methods," 
J. G. Ferguson, B.S.T.J .• VoL XIl, 1933, pp. 452-468; also, 
"A Brief Summ.ary of Bridge etworke.," W. T. Seeley, 
ElecJ:rical Engineering, March, 1940, pp. 108-113. 

sistances and a capacitance, hut differ 
among themselves in the method of ob­
taining the resi tance balance. In Figure 
1 is shown a generalized bridge circuit 
suitable for the measurement of induc­
tance, together with the complete equa­
tions of balan e. 

C O MP ONENTS R EQU I R ED 

In setting up cir uit to measure 
inductan e, it " ould he de irable to 
u-tilize the ame element that were 
u ed for the capacitance bridges pre­
viously dis us ed. For the series­
re istance bridge, the availability of 
three decade-resi tance box s, and a 

good :mica standard condenser (0.01 µf) 
as well a a TYPE 578- Transformer and 
the n e sar o cillator and detector was 
assumed. For the Schering circuit a 
TYPE 722 Preci ion Condenser and an 

in xpensi ve air condenser were required 
in addition. Circuit very sim"lar to these 
two capa itance b1·idge , differing only 
in that one r s · stan e arm and the ca-
:paci tan arm are interchanged in po-

FIGURE 1. generalized product arm. bridge, showing complex impedance in all arms. The 
inductance in the P arm. is measured in terms of -a.he resisti e product arms, A and B, and the 

capacitance "tandard CN. 

GENERATOR 

QN - QA - Qn - QNQAQn 
1 - QA.QB+ QNQA + QNQB 

l - QAQB - D QA - DNQn 
DN + Q,t + Qs - DNQ4Qn 
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GENERAL RADIO 6 

sition, can he 
measurements, 
ponents. 

et up for inductance 
utilizing the same com-

THE HAY AND MAXWELL 

B RIDGES 

A close analogue of the series­
resistance type of capacitance bridge is 
the Hay bridge, shown in Figure 2a 
with simplified equations of balance. 

The expression for the storage factor 
may be written in reciprocal form as 

I RP -Q =Dp= -L =DN+QA+QB+DNo p w p 
where DNo is the dissipation factor of 
the standard condenser itself, and D N 
that added by the series resistor N. 

In this form it is identical with the 
corresponding equation. for the anal­
ogous capacitance bridge, except that all 
the residual factors add, whereas the 
Q's of the ratio arms in a capacitance 
bridge are sitbtractive. This fact warns us 
immediately that, in general, less ac-

. 

curacy can he expected in measuring Q 
than for the corresponding quantity for 
a conden. er. It is also evident that the 
residuals cannot be neutralized by ad­
justing capacitance across resistive arms. 

MAGNIT U DE OF RESID U ALS 

From our knowledge of the magn.i tude 
of the residuals we can readily estimate 
the order of magnitude of the error to be 
expected. Suppose we connect the bridge 
transform.er in such a manner as to place 
the secondary shield-to-ground capaci­
tance across the standard condenser 
(0.01 µf), and set RA and RB to (say) 
10,000 ohms. We may then use the 
values given in a previous article3 dis­
cussing the serie -resistance capacitance 
bridge. These values were QA = QB = 
0.0008, DNo = 0.001, which give approx­
imately 0.0025 for the ma.xii:num. value 
of QA+ QB+ DNo· This corresponds 
to an error of 25% in measuring a Q of 
100, and to an error of 2 % for Q = 10, 

'General Radio Experimenter, July, 1941, p. 7 . 

FIGURE 2. Showing the Hay (a) and Maxwell (b) bridges. The two circuits differ only in the method of 
balancing "the resistive com.ponent of "the unknown. The Hay circuit; utilizes resis"tance in series whh the 
standard condenser, while in Maxwell's arrangement a parallel resistance is used. The approximate equa-

(a) 

tions of balance are: 
1 Qp= ----­DN+QA+QB 

. ( b) 
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1 
if the simple relation Q = is used. 

DN 
This accuracy, at high values of Q, is 
rather poor but in many practical cases 
a knowledge of the approximate value of 
Q is sufficient, even when it is desired to 
kn.ow the inductance quite accurately. 
The error in the indicated value of Q can 
always be r duced somewhat, of course, 
by inserting the estimated values of the 
residual term into the equations of 
balance. 

The accuracy of inductance measure­
ment with the Hay circuit will be lim­
ited largely by the accuracy with which 
the capacitance standard is kn.own. With 
the standard known to ±0.1% an ac­
curacy of approximately ±0.3% can be 
achieved. One inconvenient feature of 
the I-lay bridge, however, is the factor 

1 

1 + D N2 which appears as a multiplier 

in the equation for series inductance. For 
a coil whose Q is 30, this correction 
amounts to 0.1 o/(, while at Q = 10 the 
correction is 1 o/(. This correction cannot 
be ignored except at high values of Q, 
and for this reason Maxwell's arrange­
ment is frequently preferred for coils of 
low Q.4 In thi arrangement (Figure 2b) 
the coil resistance i balanced by a re­
sistan e in parallel with C , and no first 
order correction factor appears in the 
inductance equation. The difference in 
the inductance equation be·t, een these 
two bridge an be explained by saying 
that the product arm bridge measures 
series inductance in terms of the parallel 
capacitance of the opposite arm.6 

A bench layout utilizing the Hay and 
Maxwell circuit is shown in Figure 3. 

4 In the TYPE 650- Impedance Bridge, for instance, the 
Hay circuit is used for Q's above 10. and the Maxwell cir­
cuit foi:- Q's below 10. 

6 Or convei:-sely. measures parallel inductance in terms of 
series capacitance. This point will he discussed more fully 
in a subsequent installment. 

1 EXP ERIM ENTER 

The component required are the same 
as those used for the series-resistance 
type of capacitance bridge described in a 
previous article. The disposition of the 
transformer terminal capacitan s is dif­
ferent, however. The small (5 - 10 µµf) 
capacitance is laced aero a resistive 
arm, while the larger (approximately 
100 µµf) is placed acros the unknown 
arm. The effect of this capacitan e on in­
ductors of 0.1 henry or le is negligible. 
For higher inductance , a ati factory 
correction may be made, assuming a 
value of 100 µµf for this capacitance.6 

For this particular configuration the 
sum of the residual Q's and D's is ap­
proximately 0.002. 

A 100,000-ohm re i tance box across 
CN ( = 0.01 µf) will balance Q's up to 
6.3, while the same box may be placed in 
series with CN for higher values of Q. 

-Iv G. EA TON 

• 6Thc correction is 1 % for L = 2 henriea. An error of IO% 
m the assume? value of CsG will, therefore, introduce an 
error of 0.1 % in the COIIlputed value of L. 

FIGURE �- Connections f�r � bench Jayout of an induc­
tance hndge. As shown, i� is a Hay bddge, but can be 
converted to a Maxwell h�dge hy placing RN in parallel 

with CN. 

TYPE 814-A 
PHONES 

�Csg 

TYPE 713-B OSC. 
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e AN INTERES TING APPLIC A­

T I 0 N of the Strobotac and Strobolux to 
advertising is shown in the accompany­
ing p otograph of the di play used by 

GETT NG DISPLAY 
INTEREST WITH 
THE STROBOLUX 

SKF Industries, Inc., at the Southern 
Te tile Exhibit held last pring. 

The eight spindles, each bearing a 
letter, ere driven at a constant speed 
by a chain drive. The two row of 
tension pulleys we re driven similarly, 
but at a different p ed from that of 
the spindles. Contactor on one spindle 
and one tension pulley pr o ided a means 
of flashing the Strobotac. Controlled by 
the Strobotac were two Strobolux units, 
illuminating the pin.dies and tension 
pulley . 

A mo or-driven switching system pro­
vided a repeating cycle of operation. 
First an ordinary incande cent lamp 
showed all parts rotating at high speed. 

ext the Stroboluxes, s nchronized to 
the spindle speed, showed the spindles 
apparently stationary and spelling out 
the word PI DLES. Fin.ally the Strob­
olu es were controlled by the speed of 
the tension pulleys, making the letter 
on them readable and tho e on the p1n­
dles illegible. 

T
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