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MODE.LS QHB/-1 
DRIVER TUNING AND ALIGNMENT 

The test 'procedure described herein is intended f or 
use on all vessels having Models Q HB or QHB-1 Scan­
ning Sonar Equipments installed, and for all service 
activities afloat or ashore performing original installation 
work or servicing these equipments. I t is highly de­
sirable that the procedure given here be carried out at 
least once every six months on all QHB series equip­
ments. The books referred to are NavShips 
900,976, lnstmctiqn Book f o-r Model QHB, 
and NavSI11ps 900,976( A) , lmtmction Book for Models 
QHB and QHB-1. 
1- Follow through item by item the Initial Checks and 

Adjustments procedure described in Section 3, Para­
graph 3 of the instruction book. 

all N ormal Operating Eq11ipment A djmtments 
contained in Section 3, Paragraph 4 of the instruc­
tion book. 

3-Each vessel having a Model Q HBj -1 installed has 
a Model OCP-1 Sonar Portable Testing Equipment 
on its allowance list. Suspend the hydrophone of 
this monitor, with a 25-pound weight attached, by 
a line from the bullnose at the bow of the vessel. 
The hydrophone should be suspended so that its 
midpoint lies in the same horizontal p lane as the · 
center of the Q HB transducer. An inspection of the 
docking plan of the particular vessel wi ll indicate the 
depth of the fixed-dome sound window (and, conse­
quently, the depth of the transducer within the 
dome) wi th reference to a particular load draft line. 

4-Connect the OCP-1 hydrophone to the monitor 
· amplifier unit. Connect the moni tor power cord to 

a convenien t source of 11 5/ 1/ 60 a.c. Tune the moni­
tor to approximately 25.5 kc and switch it to TRANS­
MIT position. 

5- Attach the input leads of a vacuum-tube voltmeter 
(Navy Model OBQ or a commercial Ballantine) to 
terminals 1A-51 and 1A-52 in the QHB console. 
Connect the power lead of the v-t voltmeter to a 
115/ 1/ 60 a-c source. Throw switch S-109 inside 
the QHB console panel to the RELATIVE position. 
Turn the QHB equipment on and switch it to the 

LISTEN position. 
6- A noise spoke should appear on the QHB console 

scope at app roximately oooo relative. Trai.n the 
· · 1 nel) to the powt of scope cursor (11stenmg c 1.an . 

. d . output as 10d1cated by the v-t volt-max imum au 10 

meter deflection. Set the master gain control on the 
QHB at position "3" or "4." Ad just the 
OCP-1 output attenuator until the v-t voltmeter reads 

approximately 15 volts, or until a sing le low-level 
noise spoke appears on the QHB scope. Leave the 
QHB master gain control and the OCP- 1 outp!lt 
cont1·o/ crt the position jmt established for the re­
mainder of these tests. If maximum audio output 
is not indicated at 000° rela tive cursor train, re­
position the OCP-1 hydrophone right or lef t as neces­
sary until this condi tion is obtained. 

7-If the scope cursor does not bisect the noise spoke 
on the scope, it will be necessary to shift the position 
of B-405 in the scanning switch assembly. This 
should be done as described on Page 7-67 of 
N avShips 900,976 and Page 6-4 of NavShips' 900,-
976(A) until the cursor bisects the scope noise 
source at oooo relative. lock B-405 in this position 
and replace its electromagnetic shield. 

8-Disconnect the v-t ·voltmeter from the Q H B audio 
output terminals 1A-51 and 1A-52. 5_witch the 
OCP-1 to RECEIVE. Key the QHB manually and 
observe the meter deflection on the OCP-1 while an 
assistan t tunes the QHB driver by rotating the 
MASTER OSCILLATOR TUNING dia l in the transmitter­
receiver unit very slowly on each side of 25.5 kc. 
The tuning dial should be locked in the position 
which gives maximum 01,1tput as indicated by the 
OCP-1 meter deflection. 

9- Disconnect the OCP-1 monitor and the OBQ v-t 
voltmeter. Check the wiring and close all cabinets 
in the QHB units. The QHB equipment may now 
be assumed to be tuned to maximum driver output 
and adjusted for optimum bearing. 

Increased Use of TDZ/ RDZ 
Readers of ELECTRON will be pleased to read the 

following note quoted from a letter received from the 
desk of the Commander, Battleships and Cruisers, U. S. 
Atlantic Fleet : 

" The use and reliability of Model TDZj RDZ u-h-f 
equipment is defi ni tely increasing. Cruiser Division Ten 
has continued to use u.h .f. and the C. I. net without a 
secondary circuit most of calendar year 1948, reporting 
good success within a reliable range of ten to twelve 
miles, and has now added a primary tactica l maneuver­
ing circui t on u.h. f. Battleship-Cruiser communications 
within the horizon were sat isfactory on u.h .f. during the 
Midshipmen Cruise. Other ships have isolated their 
difficulties and in some cases have experienced ranges 
in excess of TBS." 

' 

MODEL OKA SWI·TCH ALTERATION 
At presen t, the Navy Type - 24814 Keying Interval 

Switch Symbol S-204 of the CAN-55199 Sound Range 
Recorder of the Model OK.A Sonar Resolving Equip­
ment can be locked in only two positions. To permit 
locking the switch in three positions, the following 
procedure, suggested by D . Cree, SOl , of the DD-871, 
should be followed. The part needed (Part A) is a 
metal rod approximately 1/ 2" x 3/ 16" (see figure 1), 
and the time required is one hour. 
! - Remove cursor-rangej range-rate panel ( 4 screws ) . 
2-Remove keyi!"g interval control switch S-204 ( 4 

screws). 

3-Remove contact assembly from switch ( 2 screws ). 
4-Remove blade. Use a center punch to remove axle 

pin. 

5-Remove Part B from blade, and replace it with 
PaJt A. Be sure of a tight fit. 

6--Reassemble switch and replace in equipmen-t. 
This procedure is to be known as "OKA- F.C. No. 1 

FIGURE 1-Two views of switch S-204. 

-Alteration to Permit Locking Switch S-204 m Three 

Positions." 

MODEL TDQ ANTENNA FAILURES 
Several reports have been received by the Bureau 

recently · concerning failure of the Type-66095 antenna 
as used with the Model TDQ Radio Transmitting 
Equipment. Many of the reports state that the mount­
ing gaskets deteriorate over a period of time, allow­
ing moisture to enter the housing and thereby ground­
ing the antenna. Investigation reveals that these faults 
can be attributed either to poor installation or a 
loosening of the bolts due to vibration. 

As to the former cause, installing activities are 
cautioned to install the gaskets and insulators properly 
and make sure that the bolts are drawn up tight. 
Glyptol shou ld be applied to the bolts to aid in pre­
venting them from becoming loose. 

The cause of the majority of failures is vibration. 
It is therefore necessary that the type - 66095 antennas 
be inspected for low resistance and grounds more 
frequently than in the routine maintenance procedure. 
It is recommended that when low radiation strength 
and weak reception are experienced, the arrays should 
be disassembled and inspected- failures of this type 
cannot be determined by visual inspection alone. After 
inspection and cleaning, the arrays shou ld be re­
assembled. Maintenance personnel should use new 
gaskets and take care that the gaskets and insulators 
are installed properly and that the bolts are drawn 
up t ight. Glyptol should again be applied to the 

bolts in each instance to insure against due 
to vibration. 

To illustrate the importance of close inspection and 
proper maintenance, a number of cases have occurred 
where alteration requests were made for relocation of 
the antenna. Investigation disclosed that the antenna 
had a g round or short. After the antennas were re­
paired, the efficiency was brought up to such a degree 
that the need for relocation was unnecessary. 

The gaskets are carried as part of the equipment, 
tender and stock spares. Figure 1 is an illustration of 
the antenna and shows the gaskets, 0-601 , 0- 602, and 
0- 604 that should be checked. 

FIGURE 1. 
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MECCER ADAPTER 
FOR CABLE TESTING 

Here's another useful beneficial suggestion. It was 

submitted by Don M. Kinder, civilian worker employed 

at Puget Sound N aval Shipyard, and has been approved 

by the Bureau where its use may be beneficial. 

Coa.xial lines, cable fittings, jumpers, an tennas, and 

similar equipment are often tested with meggers to de­

tect shorts or faulty insulation. Coaxial Jines or other 

equipment with cable fi ttings must be tested with the 

cable fittings in p lace in order to check the entire line. 

The coaxial fittings are small, however, and many parts 

are not readily accessible. T wo men therefore are neces-
' ' 

sary to operate the megger satisfactorily- one to hold the 

megger leads so they won't short, and one to crank 'the 

megger and note the dia l reading. 

This beneficial suggestion enables one man alone to 

use the megger so that the other man is released for 

fiGURE 1. 

other service. Moreover, the one man will do the job 

more quickly and with less trouble. Erroneous readings 

sometimes obtained when the leads are hand-held are 

eliminated. 

The method is to fabricate special adapter fittings into 

which the cable to be checked may be inserted , and onto 

which the megger leads may be easi ly clamped. These 

adapters are made from ordinary cable fittings, modi fied 

as shown in figure 1. A fitting is chosen which will 

mate with the cable fitti ng on the cable under test. A 

lug in the form of a half-loop is soldered onto the 

outer conductor of the adapter. A wire is fastened to 

the inner conductor of the adapter, extending a few 

CORRECTION TO QHB/ - 1 

The parts lists contained in NavSh ips 9~0,976 (A) , 
the instruction book for Models Q HB/ -1 Scanning 

Sonar Equipments, and contained in NavShips 900,9~6, 
the preliminary instruction book for the same equtp­

ments, identify driver power t ransformer T -708 properly 

FIGURE 2. 

inches outside the adapter. This wire is then bent and 

sold ered at the end to form a loop. Thus two lugs ar~ 

provided (one to the outer conductor and one to the 

inner conductor) . The megger leads will easily clamp 

onto these lugs, with little danger of shorting out. 

The technician merely plugs the cable into the adapter, 

clamps on the megger leads, turns the megg er crank, and 

obtains his reading. These adapters have been in use in 

Shop 67 at Puget Sound for several months, and have 

proven highly satisfactory in all respects. 

It may be found convenient to have several of these 

adapters on hand to check coaxial cables with various 

types of fittings. If many checks are to be made, i.t may 

be advantageous to build a panel with a variety of 

adapters permanent ly fastened in place. (See figure 2. ) 

The Bureau suggests one caut ion in the use of these 

adapters: It is imperative tbat tl1e adapters tbemselt,es 
have no leaks or shorts. Otherwise, a satisfactory cable 

might be wrongly diagnosed as being faN!ty. T bese 

eUiapters shollld be regNiarly checked with tbe megger 

( with 110 filling imerted) to ins11re their t·eliabi!it)'. 

INSTRUCTION BOOKS 

except that it is not identified as an oi l-filled unit. In­

formation from the A.S.W. field engineers indicates that 

an oi l-fil led transformeJ is supplied. Accord ingly, it is 

requested that a ll activities add this information to the 

subject parts lists. 

-.. 

ELIMINATION OF SPURIOUS OSCILLATIONS 
IN RDZ RECEIVERS 

Rece1;1tly the Bu reau received a report of spurious 

oscillations in Model RDZ Radio Receiving Equipment. 

Considerable thoug ht had been given to the p roblem. 

The trouble was located and several methods of cor­

recting the condition had been determined. 

The first source of trouble was in the scanning 

ampl ifier circuit, due primarily to the lack of proper 

termination of the scanning input recep tacle. I t was 

found that by providing proper termination and a 

shield for the receptacle a large percentage of the 

interference was eliminated. 

A considerable amount of this work would ha\•e 

been e liminated by carrying out F ield Change No. 4 
for RDZ, which is mentioned in another ELECfRON 

item on this page. This field d1ange has been made 

available to all Naval shipyards and regular stocking 
activities and is applicable to all RDZ's. 

Additional oscillations were also reported in the 

IMPROVING STABILITY OF 
RDZ 1-F AMPLIFIER 

Fie ld Change No. 4-RDZ has been in troduced to 

improve the stabi lity of the i-f amplifier in the Models 

RDZ and RDZ-1 Rad io Receiving Equipment (all 

models). 
The scann ing output of the RDZj RDZ-1 is taken 

from the high potent ia l side of the cathode resistor of 

the first i-f amplifier tube and ground, and fed through 

a length of RG-55/ U 50-ohm coaxial cable to the SCAN 

output receptacle at the rear of the receiver. If a scan­

ning unit such as an RDP is not included in the installa­

tion, t he receiver SCAN receptacle is not suitably ter­

minated and standing waves are set up in the receiver 

output cable. As a result, d ifferent degrees of phase dis­

placement of the standing wave voltage peaks are present 

at the I-F and SCAN input terminals which, th rough stray 

couplings with other ci rcuits, resu lt in varying degrees 

of regeneration in various i-f amplifier stages. The stray 

cou plings are mate ria lly reduced by installation of a 

shield and plug-in type dummy load for the SCAN re · 

ceptacle which comprises a 47-ohm resistor in series 

w ith a 0.01 -microfarad capacitor which serves to limit 

the stand ing-wave ratio. 
T hese fie ld change kits, with complete instructions for 

carryi ng out the change, can be obta ined from the Elec­

tronics Officer of any N aval shipyard or from any Elec­

tron ics Supply Center. Accomplishment of this change is 

considered within the capability of ship's personnel. 

fourth and fifth i-f amplifier stages. 

this condition are not corrected by 

No. 4 but were found to be as follows: 

The causes o f 
Field Change 

!-Filament leads, carrying relatively h igh current, 

laid closely against the tube grid connections, 

thereby causing coupling and feedback. 

2-Poor grounds of socket clamps of fourth and fifth 

i-f amplifier tubes caused in terstage coupling and 

regeneration. 

Condition 1 was corrected by carefully d ressing the 

leads away from the tube base connections. 

Condition 2 was correcfed by soldering a short lead 

between the ground lug on the tube socket clamp and 

lugs No. 1 and No. 3 of the scckets-particular!y 

V- 205 and V-206. 
The Bureau solicits information of this character and 

urges all activities . to continue passing it in. 

TERMINATING 
COAXIAL LEADS 

An improved method of terminating coaxial leads at 

terminal strips of radio and radar equipments has been 

submitted in the form of a beneficial suggestion by 

Ray A. Eaton, Elect. l j c, of the Puget Sound Naval 

Shipyard. The present method uses a lug which is 
soldered to the inner conductor of the coaxial cable 

with no other support to prevent its breaking loose. 

This condition is shown in the upper cable of figure 1. 

On one installation of five coaxial leads in a Model 

VJ driver unit, all five leads were found broken 

FIGURE l- T op, t'O ill'entional termination showing lack 

of s11pport for connection: renter, terminal before 

assembly; bollom, neu· type termination showing addi-
tional s11pport for inner rond11clor and l11g . 
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after Jess than 24 hours of operation. During pre­
liminary equipment tests, the entire time of one 
mechanic has been spent replacing broken Jugs caused 
by opening and closing unit doors. 

In the method suggested by Mr. Eaton, a Burndy 
lug type (20- 14) solder lug is. slipped over the 
inner conductor and heat~d with a soldering iron. 
As the lug becomes warm, it can be f orced under 
the polyethylene insulation, so that when it cools off 
it will have the add itional support of the insulation. 
Next the inner conductor is soldered in the usual 
manner. This method affords a quick permanent con­
nection that is as strong as the coaxial ~able itself. 

A completed termination is shown on the lower cable 
of figure 1. This system has been used for three 
months at the Puget Sound Naval Shipyard without a 
single failure. An experienced mechanic with a hot 
soldering iron can complete one unit ( 5 coaxial leads) 
in about five minutes-a saving of over three man­
hours per unit. 

When this method is used, the smallest size lug 
that will fit over the wire must be employed, so 
that a layer of polyethylene wi ll remain between the 
lug and the outside conductor of the cable. When the 
termination is completed , it should be checked with 
a 500-volt megger before being used. 

FAILURE REP·ORT CARDS 
During the last year there have been numerous articles 

appearing in the Electronics Publications on the subject 
of failure reports. Once again the Bureau desires to 
emphasize the importance of maintenance personnel 
submitting Failure Report Cards for every failure in 
electronic equipment. 

Failure reports serve several excellent purposes. They 
provide the Bureau with a comprehensive presentation of 
the overall performance of electronic gear. They point 
out the weakest parts of any particular equipment, and 
they form a basis on which to procure spare parts. Re­
ported failures are now being tabulated on IBM cards 
and regular summaries are being made to quickly show 
the number and type of fa ilures of any component part 
for any equipment. 

All of this goes to prove the necessity of reporting 
every failure, no matter bow t riv ial, and of equal im­
portance the necessity of reporting each failure ac­
curately by properly fi lling out the cards (NavSh ips NBS 
383). On the opposite page are shown two of the many 
failure reports received by the Bureau which are not 
properly made out and therefore have little value. These 
are excellent examples of what not to do. 

The CAPX-211347 is a motor-generator for general 
radio use and is in no respect a part of TDZ-RDZ equip­
ment as noted in figure 1. Therefore_, naming TDZ-~DZ 
as the equipment in which the fat!ure occurred 1s an 
error. Furthermore, why are two equipments listed? 
Each card is not only for just one equipment but for 
only one component in an equipment. Natur~lly, ~e 
TDZ-RDZ serial number is unknown because this eqUip-

. . 1 d · th fi st place The "brief de-ment IS not mvo ve In e r ·. . 
. t. d of failu re includmg approximate scnp ton an cause . . 

life" is the most enlightening of all mforma~ton sup­
plied. T he word " undersize" tells the Mamtenance 
Section in the Bureau actually very little. What happened 

to the excitor shaft? D id it twist or shear off? and 
where? W hat caused it ?-lack of lubrication, f reezing 
of bearings from overheating or g radual wear? Of 
course, we would like to know whether the m-g set 
operated satisfactorily for one hour or a thousand hours 
- it really does make a difference when w.riting des ign 
specifications for new motor-generators. 

Figure 2 shows a card filled out apparently satisfac­
torily and it looks very neat but it still does not tell 
the story des ired by the Bureau. It seems that the t rans­
fo rmer checked good under no-load condition and no 
good when a load was a~pl ied . 

. We know it is possible for such things to happen 
but high resistance connections inside of a transformer 
are not very common. Did replacement of the trans­
former correct the trouble or was there a short across 
the fi lament of the rectifier tube? How long did it 
operate satisfactorily? Tell us the actual cause of failure 
whenever you can, or at least let us know what steps 
you take to correct it. 

After these beautifu l examples of what not to do, it 
is only reasonable to show a· sample of the type of report 
we want. Here is one of the very few which are filled 
in completely. 

Note that in figure 3 every necessary detail is provided 
to g ive a clear p icture of the failure, description, cause, 
corrective measures and approximate life. 

A technician may take the attitude that submission of 

equipment failure reports for all failures reflects un­
favorably on his ability to properly mainta in the equip­
ment for which he is responsible. Every technician who 
reads this article should rest assured that such is not the 
case. The Bureau wants to know about every failure ; 
each failure report card, properly fi lled out, reflects only 
favorably on the ability of the technician. 
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Bridge Cil"cuits & Potentiorrteters 

The Law of the Conservation of Energy 

as Applied to Electrical Circuits 

The transformation of potential energy to kinetic 
energy in an electrical circuit is brought about when the 
source of e.rn.f. forces a. current through the effective 
resistance of the load. Kmetic energy may become evi­
dent by the production of heat, chemical change, light, 
mechanical energy, or combinations of several of these 
or other forms. Around a closed electrical circuit ·the 
algebraic sum of the voltage-d rops and the source of 
e.rn.f. is always zero. If E represents the algebraic sum 
of all the e.m.f. 's in the circuit, the energy supplied by 
these may be expressed as EI units per second. If R is 
the total effective resistance represented by the circuit, the 
energy expended in heating the circui t is I2 R uni ts per 
second. Then, by the l aw of the Conservation of Energy, 

EI = IZR 

or, E = IR 

This is recogn ized as Ohm's l aw, which exp resses the 
relationship of voltage, current, and resistance in any 

electrical circui t. In other words, the sum of the e.m.f.'s 
in the circuit, which represent potential energy, equals 
the sum of the /R-drops in the circuit, which involve 
transformations to kinetic energy. 

Internal Resistance 

Every device in practical use for supplying elect ri cal 
energy to an electrical circuit has some in ternal resist­
ance. This is o ften called the ohmic resistance of the 
device, althoug h it is not a constant that can be defined 
by Ohm's Law. T he internal resistance is determined by 
the chemical or electrical nature of the generating de­
vice, and va.ries f rom several hundreaths of an ohm in 
large-capacity storage batteries to several ohms in electro­
mechanical dynamos. Nevertheless, under given condi­
tjons, a portion of the energy supplied is used in heat­
ing the device through the heat energy developed as a 
result of current Bow in the in ternal resistance. 

As a result (see figure 1) , when a current I flows 
th rough a sou rce of electromotive fo rce in the direction 
in which the e.m.f. of the device tends to p roduce cur­
rent, the potential difference across its terminals is found 

Witbin past months tbere have been many 1·equests f or reprints of certain chapters of Basic Ph ysics or f or 
back iss11es of ELECTRON containing them. Such req11ests can not be complied with f or b11dgetary reasons. 
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all chapters have been r:rn11 plet ed th ey 1/)i!/ be published togetber as a B11Pers training man!!al. For' the present . as 
a chapt er is finished it is p~tblished in E LECTRON fo r th e benefit of the many read ers u ·h o find it interesting and 

ed~tcationa/. 
Personnel who . , IJii.rsed" certain chapters are urged to wait 11ntil BuPers completes 11)0rk on thiJ /Jitrllltal a/1(1 

P11blishes it i11 finished f orm. 

to be equal to E - Ir, where r is the ohmic or internal 
resistance of the generating device, and the power deliv­
ered to the external circuit is EI- I2r. However, if the 
current flows in the opposite direction to that in which 
the source of e.m.f. tends to produce current, the poten­
tial difference between the terminals of the device is then 
E + I r, and the power delivered to the source of e.m.f. 
is EI + IZr. TI1i s example is encountered in everyday 
life in the automobile storage battery, which gives up 
energy in supplying the requirements of the starting and 
lighting circuits. Energy is received by the battery when 
it is being charged by either an automobile generator or 
an external charging machine. 

In general, when a current I passes through an e.m.f.­
generating device from its negative to its positive ter­
minal, the device receives from the outside source of 
energy an amount of power equal to EI, although part 
of thi s power will be dissipated within the device. When 
the current passes through the device in the opposite 
direction, it g ives up EI units of power which are trans­
formed from electrical power to some other form such 
as mechanical power if the device is an electric ~otor. 
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TERMINAL 
VOLTAGE 

E-IRi l' 
+f_E ___ _ 

• lj ~ Rl V=E+IRj 

1.-E-
.fiGURE ! - Showing how the direction of mrrent f low 

throNgh the internal 1·esistance of a battery affects 
the terminal 1Joltage. 

In addition , I 2 r uni ts of power ar~ dissipated in heat 
within the device. From this example it can be taken 
that the transformation of energy involving the e.m.f. of 
the circuit is a reversible process, depending upon the 
direction of flow of current, but the transformation of 
energy involving Ir is not reversible. The power dissi­
pated in the in ternal resis tance 1· of the device is Ji!r 
and independent of the direction of the current in ac­
cordance with Joule's l aw of elect rica l heating . 

This is true in the devices such as batte ri es and 
dynamos wh ich have been considered; thus, between the 
terminals of the e.m.f..generating device, the measured 
potential diffe rence may be expressed as 

V = lr + E 

where V is the poten tial difference, l is the current, r is 
the internal resistance of the device, and E is the e.m.f. 
produced by the device. 

Voltage Drops in Electrical Circuits 

W hen an electric current flows in an electrical circuit 
energy transformations occur in each component. H eat 
energy is developed that is proportional to the ohmic 
resistance of the component and the square of the cur­
rent flow. At the same time according to Ohm's l aw, 

I ' 

there wi ll exist a poten tial difference across the com-
ponent equal to the produlct of the current and the re­
sistance, which is commonly referred to as the IR-drop. 
The polarity of this potential difference is always in the 
direction of the current flow, i.e. negative to positive, 
.through the component. 
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F IGURE 2-A n example of the m11nerical e~11ality 
between the potential difference of an IR-d rop and an 

eqNal source of e.m.f. across tbe compon ent. 

For example, figure 2 shows a simple series circuit 
consisting of two ordinary dry cells which serve as 
sources of e.m.f., and two 3-ohm resistors as the load. 
The current caused to flow in the resistors as calculated 
by Ohm's law is 0.5 ampere, and by applying Ohm's 
Law to each resistor it is found that the /R-drop across 
each resistor is 1.5 vol ts : the polarity, as indicated, is in 
the . d irection of current flow. If the a lgebraic sum of 
the voltages a round the entire circui t is taken, it wil l be 
found to equal zero. 

There is a theorem in geometry that states in effect: 
"Things equal to the same th ing are equal to each 
other." Th is may be applied in the analysis of the c ircuit 
in figure 2. O ne of the 3-ohm resistors of the load is 

replaced by an identical dry·ccll (The proper pola rity is 
observed ) . Then a measurement, suppl emented by cal­
culation, will show that the JR-drop across the remain­
ing 3-ohm resistor is unchanged. This ind icates that 
poten tial d ifference is numerical ly the same whethe r 
measured across a source o f c.m. f . or the resisti \ '<: con) -
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ponent in this electrical circuit, provided the in ternal 
resistance of the dry-cell is neglected. 

In practice, the internal resi~tance can never be neg­
lected, because the lar&er the current supplied by the de­
vice, the . greater the loss within the device itself; 
however, for the purposes of circuit analysis, any e.m.f.­
generating device is accompanied by its characteristic 
internal resistance as shown jp figure 1. 

In order to accurately deter~ine the value of the e.m.f. 
of a generating device, it is~ necessary to perform the 
measurement without allowing the device to produce a 
current flow, as explained ~y figure 1. The common 
methods of voltage measurement may be divided into ·two 
classes; those that mea5ure potential difference without 
the flow of current, af!d those that require a current 
flow. ..,. 

Instruments that requ!re no curr~nt from the gener­
ating device are divided into those actuated by electro­
static attraction or repulsion, and those that compare the 
unknown potential difference with the IR-drop in a wire 
of known resistance through which a constant current 
flows. The latter is the potentiometer type of instrument. 

T he instruments of the other class are actuated by the 
magnetic or the heating effect of an electric current. 
These inst_ruments draw a small current, and can be used 
only when the potential is maintained as by a battery or 
dynamo. Thus the terminal voltage is decreased by the 
Jr-drop caused by the current demand of the instrument, 
since this current flows through the intemal res istance of 
the generator. These instruments are generally classed 
as voltmeters. The resistance is g reat as compared to the 
internal resistance of the e.m.f. generator, so the current 
demand is usually smal l. • 

The Principles of the Potentiometer Method 

The e.m.f. of a cell is not g iven exactly by the reading 
of a voltmeter connected across the cell terminals, be­
cause even a high-resistance voltmeter takes some current, 
and, however small, this causes an IR-drop in the . in­
ternal resistance of the cell , thus reducing the termmal 
voltage. Cell · e.m.f.'s can be compared accurately with 
the known e.m.f. of a Weston standard cell by means 
of a potentiometer. An advantage of the potentiometer 
metliod is that the measurement is made when the cells 

· ent and since there is no are not supplymg any curr , . 
potential drop in the cells, the value measured IS truly 

the e.m.f. · d ·f 
T h . t method of comparing potent1al 1 -e potent10me er 

ferences or electromotive forces is credited to Poggen-

d f d . . mlnon use for many purposes. The or an IS now m co . . 
' · J" 1 ed by uti! Izmg the JR-actual comparison IS accomp IS 1 . 

d . f k own resistance through wh1ch rop along a wi re o n . 
a constant current flow is maintained. There IS a voltage 
drop along the wire that IS proportional to the length; 

and accurate calibration is possible. Each unit of length 
will represent a unit IR-drop, and the total of these 1~­
drops will equal the applied e.m.f. A potentiometer IS 

simply a series circuit constructed with a variable arm 
that permits contact to be made at any point between t~1e 
ends of the resistance. Therefore, any .value of potential 
difference Jess than the applied e.m.f. may be obtained 
by suitably ll)Oving the arm. 

The Weston stanaard cell is a precise source of e.m.f. 
that is used internationally as a standard for the volt. It 
will maintain a constant voltage of 1.0183 volts over ex­
tended periods · of time, provided that it is not required 
to supply current. Therefore, the Weston cell is pe:­
fectly suitable as a comparison standard with the potenti­
ometer method, since this method does not require that 
the cell furnish current. 
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FIGURE 3-Potentiometer arrangement to enable com­
parison of an unkno'/l)n e.m .f. against a standard 117" est on 
cell of kno11m e.m.f. by utilizing the IR-drop along AB 

The operation of the potentiomefer method is illus­
trated by figure 3. A current I from a battery E flows 
through the potentiometer wire AB and back to the 
battery. The battery E usually has an e.m.f. of three 
volts, and this shou ld be as constant as possible. The 
potential drop along this wire is IR, where I is the <;u r­
rent and R is the resistance of the wire. A shunt circuit 
consists of a sensitive current-indicating galvanometer G 

'and a double-pole, double-throw switch to a variable 
contact on potentiometer wire AB. The switch permits 
the comparison of a cell of unknown e.m. f. X, against a 
standa rd Weston cel l of known e.m.f N. 

To establish an JR-drop in the p~ten tiometer wire 
equal to that of the known e.m.f. of the W eston cell N , 
the contact is moved along the wi re to s until the gal­
vanometer indicates zero current. Then, since an equal 
potential difference exists across each section of tht> 

r 

·' 

shunt ~:=ircuit, e.m.f. N = IR, . The switch is then thrown 
to the unknown cell X and the contact moved on 
the potentiometer wi re to point S ', until the galvan­
ometer again indicates no current. When the potential 
drop along the wire AS' is exactly opposed by the e.m.f. 
of cell X, we have e.m.f. X= IR, '. Since the current 
in the shunt circuit is zero at ead1 final setting S and S', 
the current I in the potentiometer wire AB is unaffected. 
No current is drawn from either the Weston cell N 
or the unknown cell X. When the comparison is made, 
therefore, the actual e.m.f.'s of N and X are compared 
without being affected by the internal resistance of either 
cell ; hence, we have • 

R., 
e.m.f. X= R: X ( e.m.f. N) 

where R2 is the resistance of the potentiometer wire AS' 
and R1 is the resistance represented by length AS. 

The voltage of the unknown cell X is expressed in 
terms of the Weston standard cell N, which is the inter-
national standard of voltage. 1111 

Measurement of Resistance 

The electrical resistance of any substance may be de­
termined by calculations involving the chemical and 
physical properties, or through the relationship of volt­
age, current, and resistance in Ohm's Law. The latter 
method of measurement is more commonly encountered 
in the field of electronics. This method is based on the 
potential difference (/R-drop ) developed across the re­
sistance when current flows through the resistance. The 
value of resistance may be found by measuring the magni­
tude of current flow through the resistance and the volt­
age across the resistance, and using Ohm's Law for 

calculation. 
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FIGU RE 4- A metbod of showing the pro{Jortionality 
between potential drop and resistance. 

Resistance values may also be determined very accu­
rately by a comparison method similar to the potenti­
ometer method of comparing e.m.f.'s. The circuit in 
figure 4 may be used to illustrate the relationship of po­
tentia l drops and resistance. The ·voltmeter has one 

terminal permanently connected to A ·and the other ter­
minal free to move along the resistance AB. The volt­
meter reading wi ll be zero when.both terminals are at A , 
and will g radually increase as the point P is moved to­
ward B. It will be found that the potenti~l drop meas­
ured between the points rA and P is always proportional 
to that part of the resistance between A and P, and may 
be written ( 

AP .~" V 
AP' = V'. 

The quantity V' is the potential drop measured be­
tween A and any other point- P'. ' 

Ir 

FIGURE 5-A m·ethod of indicating equal potential 
drops between two t·esistance b1wtches. 

If, instead of having one resistance as shown in the 
previous figure, we have two parallel resistances as shown 
in figure· 5, and one terminal of the voltmeter is moved 
along res istance AB, while the other terminal is moved 
along the resistance CD, we shall find that when the 
portion of the resistance AB between the points A and P 
is proportional to that part of the resistance CD between 
the points C and P ', the difference in potential between 
points P and P' will be zero and there will be no read­
ing on the voltmeter. The proportion may be expressed 
as 

AP AB 
Cf' = CD 

Likewise, "' similar expression may be used for the re­
maining part of the two branches. 

PB AB 
P' D = CD 

And from these two relations, by equating to the total 

r~sistance in each branch, we may write 

AP PB 
CP' = P 'D 

This shows that the potential drop always d istributes 
itself proportionally along one or more resis~ances in a 
parallel circu it. Since this is true, such a device may be 
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used to compare unknown resistances with known resist­
ances (in terms of ratios) with a great deal of accuracy. 

The Wheatstone Bridge 
The Wheatstone bridge is an instrument used to ob­

tain precise measurement of resistance and uti lizes the 
' \ 

principle just explained. The bridge is said to be 
balanced when the meter indicates zero-current Bow or 
a "null." In figure 5 the voltmeter was used to show 
that points P and P' were at the same potential there­
fore indicating zero. Current flow is always from nega­
tive to positive or from a lower to a higher potential ; for 
example, if point P were Jess positive than point P', the 
current in the meter branch would be from P to P~ ; 

conversely, if point P were more positive than P' the 
meter current would be in the opp6site direction. The 
null-indicating meter is usually a zero center-scale in­
strument. 
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FIGURE 6--The galvanometer method of indicating 
eq11ctl potential drops by a null or zero m rrent . 

In figure 6 Jet us assume that the resistance represented 

by branch A, branch B, and branch R are known and that 
the resistance shown as the branch X 1s unknown. Inas­
much as the meter connected between the points P and 
P' is merely being used to determine that these two 
points have the same potential, a sensitive galvano~eter 
can be employed instead of a voltmeter, and w t_ll_ be 
preferable since it is more sensitive. Under condtttons 
when there is no deflection in the galvanometer need)~, 
we can write a similar relation to that g iven in the previ-

ous equation: 

A X A B 
B- R or X = -R-

expressed in terms of the unknown X, X= R ( -~- ) 
In analyzing the above equations which hold true only 

when there is no deflect ion of the galvanometer, note 
that A and B may have an infinite ~umber of actual 

. t. is matn tamed . For ex-
values so long as the same ra 10 . . 
a 1 · f A 1 0 1 n1s and B were 5 ohms, the rat to rnp e, 1 were o 1 . . 

Would be 2 ; therefore X would have a reststa nce twice 

the value of R. Q uantities A and B could each be 
twice as la rge ( 20 ohms and 10 ohms respectively ) and 
still maintain a ratio of 2, although in practice multiples 
of 10, 100, 1000 and their reciprocals are used for ease 
of operat ion and calculation. 
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Frcu·RE 7-Fundmnental lf/ heatstone bridge cirmit. 

Figure 7 illustrates the conventional schematic diagram 
• for the'Wheatstone bridge. It is almost identical to the 

a rrangement shown in figure 6, but has the resistances 
connected in a d iamond-shaped hook-up in the diagram. 
Switches are incorporated to disconnect the battery when 
not in use and also for disconnecting the galvanometer. 
The resistors R 1 and Rs are called the ratio arms of the 
bridge, and are usually made to have ratios of 1 :1, 1 :10, 
1 :100, 1:1000, w hich may also be reversed to obtain 
ratios of 1 :1, 1 :0.1, 1:0.01, and 1:0.001. Resistance R2 

is called the rheostat arm. Resistance X is the unknown 
resistance to be measured . Resistances R 11 R 2 , and R 3 

are usually resistance boxes containing p recision resistors 
with tole rances o f 0.01 % or better. Each resistance box 
has switches to vary the resistance to obtai n the desired 

values. 

Theory of the Wheatstone Bridge 
Still referring to fi gure 7, let us ascertain how the 

fund amental proportion is derived. When the battery 
circui t is closed, the current at A divides as in any paral­
lel circuit, part going through the circuit ABC and the 
remainder through the circuit ADC. When the bridge 
is balanced, there will be no indication of current th rough 
the galvanometer. Therefore, points B and D must be 
at exactly the same electrical potential. I t will then be 
evident that the fa ll of potent ial f rom A to B is exactly 
the same as the fa ll of potential from A to D. In other 
words, the voltage across AB must be numerically the 
same as the voltage across D C. T he current in AB is the 
same as the current in BC, since this is a series circu it; 
therefore let this curren t be des ig nated I 1 • T he other 
series ci rcuit AD and DC has the same current flow 
th rough AD and DC: call this current ! 2 . 

The points B and D are shown to be at the same po-

I 

r 

tential. Therefore, the voltage drop m AB is equal to 
the voltage d rop in AD; thus, 

l1 R1 = l 2 R 3 , 

and since the vol tage drop in BC is eq ual to the voltage 
drop in DC, it follows that 

11 R2 = 12 X 

In order to eliminate current values from the equations 
since we are interested only in resistances, the first equa­
tion is divided by the second: 

11 R1 =I~ R3 

l1 R2 =It X 

Then, the current values cancel from eacfi equation and 
we have, 

~; = ~3 
_or X = Rt ( ~; ) 

A comparison of figures 5 and 6 and their respective 
equations, for the unknown resistance X, will show that 
both are identical relationships. 

The Wheatstone b ridge is extremely accurate and has 
a very wide range for resistance measurement. A~ccuracy 
is attained th rough the use of precision resistance boxes 
and a sensitive galvanometer to indicate exact balance of 
the bridge when the meter current is zero. A shunt is 
usually used across the galvanometer during the prel imi­
nary adjustments to protect the meter from the relatively 
large values of current that exist under conditions of 
bridge unbalance. The ratio arms permit resistance 
measurement from values of a thousandth to a thousand 
times the resistance of the standard rheostat arm. 

Since the primary use of the Wheatstone bridge is for 
precision measurement, the approximate value of the un­
known generally is known before utiliz ing the bridge 
so that setting of the ratio arms is faci I ita ted . 
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F IGU RE 8-Siide-wire form of the IV heals tone bridge, 

often called the V arley 01' Murray Loop 11l11en the 
unknoUJn resistor X is a cable or long 1vire. 

The Slide-Wire Wheatstone Bridge _ 

In the slide-wire form of \ 'V'heatstone bridge the re­
sistance R1 and Rt of figure 7 are replaced by a uniform 

wire AB as shown in figure 8. R is the standard known 
resistance and X is the unknown resistance. T he wire 
should be of low conductivity, uniform cross section, 

·. and should have a low temperature-coefficient of resist­
ance. Manganin or German silver is commonly used. 
The current supJlfied by the battery divides, part going 
through branch ACB an d the rest through the slide 
wire ADB. The bridge is balanced by sliding the 
contact along the wire AB un til the galvanometer in­
dicates no current- say at D . T he theory of the slide 
wire bridge is exact ly the same as that of the regular 
bridge. H ence, when the bridge is balanced, 

___B._ _ R esistance AD 
X - Resistance DB ' 

and since the wire is of uniform cross section the re­
sistances of AD and DB are d irectly proportion~! to the 
lengths L 1 and L2 respectively ; expressed : 

~ = ~~ orX=R ( ~: ) 

The lengths of L 1 and Le are usually determined by 
mounting the wire on a yard stick or meter stick the 
only requiren:ent being that the g raduations be Iinea'r. 

Two modified forms of the slide-wire bridge ·are cur­
rently used in telephone and long -line cable work to 
locate groun~s and faults in cables. They are called the 
Varley and Murray Loops but actually are merely modi­
fied forms of the sl ide-wire bridge. 

. ! he Wheatstone bridge is also used in making pre­
ctston measurements of capaci tance and inductance as 
well as resistance. Such application will be fully covered 
ll1 connection with alternating-current methods of meas­
urement. T he famil iar bridge circu it will be encountered 
many times d uring the course of electronic study. Th ere­
fore, it behooves the studen t to thoroughly understand 
the basic p rinciples when applied to direct-curren t cir­
cuits . 

QUESTIONS ON BASIC PHYSICS, Part 16. 

1- Find the internal resistance of a storage battery if 
the terminal voltage drops 1.7 volts when a load cur­
rent is measured at 18.4 amperes. 

2- The greatest power is delivered to a load when the 
load resistance is (tll'ire; eq11al to, one half) the in­
ternal resistance of the generator of e.m.f. 

.)-I n the circuit shown in figure G, the unbalance current 

is from P to P' . Resistance R should be (increased, 

. decreased ) to attain bridge balance. 
4--:-The unknown r esistance X in figure 7 is found to 

be 7.1 4 ohms when the bridge is balanced. What 
is tl1e ratio set by R1 and R3 ? What is the resistance 

setting of the rheostat arm R2? Quantities R1 , l<t 
and R3 are each resistance boxes variable in one-ohm 

steps from one to 1000 ohms. 
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