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MEGGER ADAPTER
FOR CABLE TESTING

Here's another useful beneficial suggestion. It was
submitted by Don M. Kinder, civilian worker employed
at Puget Sound Naval Shipyard, and has been approved
by the Bureau where its use may be beneficial.

Coaxial lines, cable fittings, jumpers, antennas, and
similar equipment are often tested with meggers to de-
tect shorts or faulty insulation. Coaxial lines or other
equipment with cable fittings must be tested with the
cable fittings in place in order to check the entire line.
The coaxial fittings are small, however, and many parts
are not readily accessible. Two 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 dial reading.

This beneficial suggestion enables one man alone to
use the megger so that the other man is released for

FiGURE 1.

LUG SOLDERED ON
FOR CONNECTION TO

INNER CONDUCTOR

LUG SOLDERED ON
FOR CONNECTION TO
OUTER GONDUGTOR.

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 easily clamped. These
adapters are made from ordinary cable fittings, modified
as shown in figure 1. A fitting is chosen which will
mate with the cable fitting 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

FIGURE 2. e PP r \

IV Is .

inches outside the adapter. This wire is then bent and
soldered at the end to form a loop. Thus two lugs are
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 megger crank, ar{d
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, it may
be advantageous to build a panel with a variety of
adapters permanently fastened in place. (See figure 2.)

The Bureau suggests one caution in the use of these
adapters: [t is imperative that the adapters themselves
have no leaks or shorts. Otherwise, a satisfactory cable
might be wrongly diagnosed as being faulty. These
adapters should be regularly checked with the megger
(with no fitting inserted) to insure their reliability.

CORRECTION TO QHB/=1 INSTRUCTION BOOKS

The parts lists contained in NavShips 9.00’976(4)’
the instruction book for Models QHB/..] g
Sonar Equipments, and contained in NavShips 900’97.6’
the preliminary instruction book for thf_- same equip-
ments, identify driver power transformer T-708 properly

except that it is not identified as an oil-filled unit. In-
formation from the A.S.W. field engineers indicates that
an oil-filled transformer is supplied. Accordingly, it is
requc—sted that all activities add this information to the
subject parts lists.

ELIMINATION OF SPURIOUS OSCILLATIONS
IN RDZ RECEIVERS

Recently the Bureau received a report of spurious
oscillations in Model RDZ Radio Receiving Equipment.
Considerable thought had been given to the problem.
The trouble was located and several methods of cor-
recting the condition had been determined.

The first source of trouble was in the scanning
amplifier circuit, due primarily to the lack of proper
termination of the scanning input receptacle. It 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 have
been eliminated by carrying out Field Change No. 4
for RDZ, which is mentioned in another ELECTRON
item on this page. This field change 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 I-F AMPLIFIER

Field Change No. 4—RDZ has been introduced to
improve the stability of the i-f amplifier in the Models
RDZ and RDZ-1 Radio Receiving Equipment (all
models) .

The scanning output of the RDZ/RDZ-1 is taken
from the high potential 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, the receiver scan receptacle is not suitably ter-
minated and standing waves are set up in the receiver
output cable. As a result, different degrees of phase dis-
placement of the standing wave voltage peaks are present
at the I-F and scaN input terminals which, through stray
couplings with other circuits, result in varying degrees
of regeneration in various i-f amplifier stages. The stray
couplings are materially 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
with a 0.01-microfarad capacitor which serves to limit
the standing-wave ratio.

These ficld change kits, with complete instructions for
carrying out the change, can be obtained from the Elec-
tronics Officer of any Naval shipyard or from any Elec-
tronics Supply Center. Accomplishment of this change is
considered within the capability of ship’s personnel.

fourth and fifth i-f amplifier stages. The causes of
this condition are not corrected by Field Change
No. 4 but were found to be as follows:

1—Filament leads, carrying relatively high 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 interstage coupling and
regeneration.

Condition 1 was corrected by carefully dressing the
leads away from the tube base connections.

Condition 2 was corrected by soldering a short lead
between the ground lug on the tube socket clamp and
lugs No. 1 and No. 3 of the scckets—particularly

V-205 and V-206. .
The Bureau solicits information of this character and
activities_to continue passing it in.

urges all

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. 1/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
V] driver unit, all five leads were found broken

FIGURE 1—Top, conventional termination showing lack

of support for connection; center, terminal  before

assembly; bottom, new type termination showing add;.
tional support for imner conductor and lug.
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after less than 24 hours of operation. During pre-
liminary equipment tests, the entire time of one
mechanic has been spent replacing broken lugs 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 heated with a soldering iron.
As the lug becomes warm, it can be forced under
the polyethylene insulation, so that when it cools off
it will have the additional 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 cable 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 will 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 REPORT 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 failures of any component part
for any equipment.

All of this goes to prove the necessity of reporting
every failure, no matter how trivial, and of equal im-
portance the necessity of reporting each failure ac-
curately by properly filling out the cards (NavShips NBS
383). On the opposite page are shown two of the many
failure reports received by the Burcau 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-.RDZ
as the equipment in which the failure.ocmrred is 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. Nzlturfll[y, tlhe
TDZ.RDZ, serial number is unknown because this equip-
ment is not involved in the first place. The “brief de-
including approximate

scription and cause of failure Ing !
of all information sup-

life” is the most enlightening :
plied. The word ‘“undersize” tells the Maintenance
Section in the Bureau actually very little. What happened

to the excitor shaft? Did it twist or shear off? and
where? What caused it?>—lack of lubrication, freezing
of bearings from overheating or gradual 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 writing design
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 desired by the Bureau. It seems that the trans-
former checked good under no-load condition and no
good when a load was applied.

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 filament 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 beautiful examples of what ot 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 give a clear picture 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 maintain 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;
cach failure report card, properly filled out, reflects only
favorably on the ability of the technician.

FAILURE REPORT—ELECTRONIC EQUIPMENT

HAVSHIPS (NDS) 383 (REV. 843)
(FORMIRLY NAVSIEPS (KB3) 1 XD KAVSIEPS (ias) 304)

HOTICE.—Read noles ca reverse side.  Addl.
ticaal alned
from nearsst RMO.

forms and eavelopes may be bk

SHIP NUMBER AND NAME OR STATION.

MAME OF PIRSON MAKING REPORT

e ELECTRONIC EQUIPMENT INVOLVED

El RADIO

CHECK ONE: D RADAR

D SONAR

D OTHER

1G]

EQUIPMENT MODEL DESIGNATION STRIAL NO. OF EQUIPMENT KAME OF CONTRACTOR CONTRACT Mo,
TDZ-RDZ Unknown F-S Elect. Co NXar-57999
TYPZ NUMBER AND KAME OF MAJOR UNIT INVOLVED SCRIAL MO, OF ULNIT DATE EQUIPMENT INSTALLED

CAPX 211347 196 Unknown

ITEM WHICH

FAILED

THIS SIDE FOR TUBES

THIS SIDE FOR COMPONENTS

TUDE TYPE, INCLUDING PREFIX LETTERS SERIAL KO,

HAME OF PART CIRCUTT SYMBOL NAVY TYPE, STOCK,

(eg. R-1M) OR MFR.'S MO,

TUBE MANUFACTURER CONTRACT MO, (NOTE 7)

5 GUARANTEED HOURS | DATE OF ACCIFTANCE |
FAILURE OCCURRED IN: S iy
O somce [ crenamon ACTUAL BOURS: e
O wsouns O & TS T TUBE GIRGUIT SYNBOL
O msrawne . v-

BRILF DESCRIFTION AND CAUSE OF FAILURE INCLUDING APPROXIMATE LIFE:

Undérsize

NATURE OF FAILURE AND REMARKS (NQTE #):

FAILURE REPORT—ELECTRONIC EQUIP
Ngsmﬂ{matl:ﬂgﬂlsm[ml )

(Do not delay submitting this form—Insert in envelope—Seal—Mail).
CONTINUE REMARKS ON EEVEIRSE SIDE

MENT NOTICE.—Baad notes oa Teverse
toaal

side. Addi
forms and savelopes alned
?IHD:. may be ob DATEB ]!IDB !948

a—18—42921-3

‘SHIP NUMBER AND MAME OR STATION

Im: OF PERSON MAXING REPORT

ELECTRONIC EQUIPMENT INVOLVED

RADIO D RADAR

CHECK ONE:

D OTHER

[ sonan

(ermcry)

EQUIPMENT MODEL DESIGNATION

TYPE NUMBER AHD HAME OF MAJOR UNIT INVOLVED

Ch 52342 TDZ Transmitter

SERIAL NO, OF EQUIPMENT

MAME OF CONTRACTOR

SERIAL NO, OF UNIT
8289

DATE mwu-;rr INSTALLED
17 July 1947

ITEM WHICH FAILED

THIS SIDE FOR TUBES

THIS SIDE FOR COMPONENTS

TUBE MANUFACTURER

TUBE TYPE, INCLUDING PREAX LETTERS SERIAL NQ,

'CONTRACT NO. (WOTE 1)

RAME GF PART CIRCUIT SYMBOL
(eg. R1M)

5 GUARANTELD HOURS.
FAILURE OCCURRED IN: e

DATE OF ACCEFTANCE
(MOoTET)

O sromse [ orenamon ACTUAL HOURS BATE OF FAILURE |
D HANDLING OTHER
TYPE OF FAILURE

v-

HATURE OF FAILURE AND REMARKS (NOTE 8):

former.

BRILF DESCRIFTION AND CAUSE OF FAILURE INCLUDING APPROXIMATE LIFE:

When load was mpplied to Sec. #2 no
voltage was spplied by the transfor-
mer, however normal voltage existed
between center tap and each slde of
TraroTsae] the trans. When no load was applied
normal voltage was supplled by trans-

HAVY TYPE. STOCK,
OR MFR.'S NO.

HAVSHIFS (NBS) 383 (REV.

(Do not delay submitting this form—Insert in envelope—Seal—Mail)

lFMI.URE REPORT—ELECTRONIC EQUIPMENT

B-43)
(FORMERLY NAVSHEPS (NBS) B3 AND NAVSHIPS (Ma3) 304) from neal

CONTINUE REMARKS ON EEVEESE SIDE

NOTICE.—Recd noles on reverss side. Addl
tional hr':-‘g;dou.-lapu may be obtaised

Autotune 1nit Type

TYPE HUMBER AND NAME OF MAJOR UNIT INVOLVED

SERIAL NO. OF UNIT
23491 1709

DATE
SHIP NUMBER AND KAME OR STATION MAME OF PERSON MAKING REPORT
ELECTRONIC EQUIPMENT INVOLVED
CHECK ONE: E RADIO D RADAR D SONAR D OTHER
Termcry)
EQUIPMENT MOOIL DESIGNATION SERIAL MO, OF EQUIFMENT NAME OF CONTRACTOR CONTRACT NO,
RDZ Recelver 1709 National .Co,, Inc. NXsr-55624

DATE EQUIPMENT INSTALLED

Jan, 1948

ITEM WHICH FAILED

THIS SIDE FOR TUBES

THIS SIDE FOR COMPONENTS

TUBE TYPE, INCLUDING PREFIX LETTERS

SERIAL HO. MAME OF PART

Motor AC

Capaclto

lt:lm:urr SYMBOL,

MAVY TYPE, STOCK,
(eg. RAM) OR MFR.S NO,

B-£01 | HS60=6__

TUBE MANUFACTURER

CONTRACT NO. (NOTE 7)

NATURE OF FAILURE AND REMARKS (NOTE 8):

equipment spares.
3000 hours.

DRIEF DESCRIFTION mrn;Tus: OF FAILURE INCLUDING AFPROXIMATE LIFE:
Autotune unit failled to function on
GUATANTEED oURs | DATE of Aecorrance el ther remote or local position. On
checking unit found motor was lnoper-

winding. Remedied

trouble by replacing entire autotune

(B-601) are included in

FAILURE OCCURRED IN: Soren it

D siian L owsciion ACTUAL HOURS DATE OF FAILURE ative due to open

0 wwouns 0O By TESE FALE st aneo sty n i ¢ from equipment spares since nc
O wesraeme * spare motors

Approximate life

(Do 2ol delay submiting ths form—Tusertia eavolope—Seal—ell
CONTINUE REMARES ON REVERSE SIDE

[PEETETE
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BASIC PHYSICS

PART 16

The Law of the Conservation of Energy
as Applied to Electrical Circuits

The transformation of potential energy to it
energy in an electrical circuit is brought about when the
source of e.m.f. forces a current through the effective
resistance of the load. Kinetic 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-drops and the source of
em.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 circuit is I2R units per
second. Then, by the Law of the Conservation of Energy,

El — I’R
or, F — IR

This is recognized as Ohm’s Law, which expresses the
relationship of voltage, current, and resistance in any

electrical circuit. In other words, the sum of the e.m.f.’s
in the circuit, which represent potential energy, equals
the sum of the IR-drops in the circuit, which involve
transformations to kinetic energy.

Internal Resistance

Every device in practical use for supplying electrical
energy to an electrical circuit has some internal resist-
ance. This is often called the ohmic resistance of the
device, although it is not a constant that can be defined
by Ohm’s Law. The internal resistance is determined by
the chemical or electrical nature of the generating de-
vice, and varies from several hundredths of an ohm in
large-capacity storage batteries to several ohms in electro-
mechanical dynamos, Nevertheless, under given condi-
tions, a portion of the energy supplied is used in heat-
ing the device through the heat energy developed as a
result of current flow in the internal resistance.

As a result (see figure 1), when a current I flows
through a source of electromotive force in the direction
in which the em.f. of the device tends to produce cur-
rent, the potential difference across its terminals is found

Within past months there have been many requests for reprints of certain chapters of Basic Physics or for
back issues of ELECTRON containing them. Such requests can not be complied with for budgetary reasons.

These chapters on Basic Physics are written by the Training Section of the Burean of Naval Personnel, W hen
all chapters have been completed they will be published together as @ BuPers training mantnal. For the present, as
a chapter is finished it 15 published in ELECTRON for the benefit of the many readers who find it interesting and

educational.

Perromnel who “mised” certain chaplers are urged to wait until BuPers completes work on thiy manual and

bublishes it in finished form.

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 El — I?r. However, if the
current flows in the opposite direction to that in which
the source of em.f. tends to produce current, the poten-
tial difference between the terminals of the device is then
E + Ir, and the power delivered to the source of e.m.f.
is EI + I?r. This 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 [ 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 this power will be dissipated within the device. When
the current passes through the device in the opposite
direction, it gives 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 motor.

g A
R;  TERMINAL ' Rj
I VOLTAGE 1 V=E+IRi
E-IR|

+

K =

1 g -

FIGURE 1—Showing how the direction of current flow
through the internal resistance of a battery affects
the terminal voltage.

In addition, [2r units of power are 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 internal resistance r of the device is I*r
and independent of the direction of the current in ac-
cordance with Joule's Law of electrical heating.

This is true in the devices such as batteries and
dynamos which have been considered ; thus, between the
terminals of the e.m.f.-generating device, the measured
potential difference may be expressed as

V—=Ir+E
where V7 is the potential difference, I 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

When an electric current flows in an electrical circuit
energy transformations occur in each component. Heat
energy is de\-‘eloped 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 Law,
there will exist a potential difference across the com-
ponent equal to the product of the current and the re-
sistance, which is commonly referred to as the /R-drop.
The polarity of this potential difference is always in the
direction of the current flow, i.e. negative to positive,
‘through the component.

I
—F————1
T |
1.5V R:3 0 E +_-{-_ L5V
|
| |
L5V R1=30 | L5V
l
_— A
LOAD EQUIVALENT
| LOAD

FIGURE 2—An example of the numerical equality
between the potential difference of an IR-drop and an
equal source of e.m.f. across the component.

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 J/R-drop across
each resistor is 1.5 volts: the polarity, as indicated, is in
the direction of current flow. If the algebraic sum of
the voltages around the entire circuit is taken, it will be
found to equal zero. '

There is a theorem in geometry that states in effect:
"Things equal to the same thing are equal to each
other.” This may be applied in the analysis of the circuit
in figure 2. One of the 3-ohm resistors of the load is
replaced by an identical dry-cell (The proper polarity is
observed). Then a measurement, supplemented by cal-
culation, will show that the {R-drop across the remain-
ing 3-ohm resistor is unchanged. This indicates that
potential difference is numerically the same whether
measured across a source of e.mn.f. or the resistive com-
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ponent in this electrical circuit, provided the internal
resistance of the dry-cell is neglected.

In practice, the internal resistance can never be neg-
lected, because the larger the current supplied by the de-
vice, the. greater the loss within the device itself;
however, for the purposes of dircuit analysis, any e.m.f.-
generating device is accompanied by jts characteristic
internal resistance as shown in figure 1.

In order to accurately determine 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 by figure 1. The common
methods of voltage measurement may be divided into two
classes; those that measure potential difference without
the flow of current, and those that re(juire a current
flow. -

Instruments that require no current from the gener-

ating device are divided into those actuated by electro-
static attraction or repulsion, and those that compare the
unknown potentidl 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.

The instruments of the other class are actuated by the
magnetic or the heating effect of an electric current.
These instruments 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
Ir-drop caused by the current demand of the instrument,
since this current flows through the internal resistance of
the generator. These instruments are generally classed
as voltmeters. The resistance is great as compared to the
internal resistance of the e.m.f. generator, so the current
demand is usually small. ’

The Principles of the Potentiometer Method

The e.m.f. of a cell is not given 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 terminal
voltage. Cell- e.m.f.’s can be compared accurately with
the known em.f. of a Weston standard cell by means
of a potentiometer. An advantage of the potentiometer
method is that the measurement is made when the cells
are not supplying any current, and since there- is no
potential drop in the cells, the value measured is truly
the e.m.f. _ o

The potentiometer method of comparing potential dif-
ferences or electromotive forces is credited to Poggen-
in common use for many purposes. The
by utilizing the IR-
tance through which

dorf, and is now ‘
actual comparison is acr:omphsheq
drop along a wire of known rests ) |
a constant current flow is maintained. There is 2 voltage

drop along the wire that is PrOPOFtion"‘] to the length;

and accurate calibration is possible. Each unit of length
will represent a unit IR-drop, and the total of these IR-
drops will equal the applied e.m.f. A potentiometer 1
simply a series circuit constructed with a variable arm
that permits contact to be made at any point between the
ends of the resistance. Therefore, any value of potential
difference less than the applied e.m.f. may be obtained
by suitably moving the arm.

The Weston standard 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 €X-
tended periods of time, provided that it is not required
to supply current. Therefore, the Weston cell is per-
fectly suitable as a comparison standard with the potenti-
ometer method, since this method does not require that
the cell furnish current.

—lt+

FIGURE 3—Potentiometer arrangement to enable com-
parison of an unknown em.f. against a standard W eston
cell of known e.m.f. by utilizing the IR-drop along AB

The operation of the potentiometer 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 should be as constant as possible. The
potential drop along this wire is IR, where I is the cur-
rent and R is the resistance of the wire. A shunt circuit
consists of a sensitive current-indicating galvanometet 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
standard Weston cell of known e.m.f N.

To establish an IR-drop in the potentiometer wire
equal to that of the known e.m.f, of the Weston cell N,
the contact is moved along the wire to § until the gal-
vanometer indicates zero current. Then. since an €qual
potential difference exists across each’scction of the

shunt circuit, e.m.f. N =1IR,. The switch is then thrown
to the unknown cell X and the contact moved on
the potentiometer wire to point §', 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 em.f. X=1IR,'. Since the current
in the shunt circuit is zero at each final setting § and §',
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 em.f.’s of N and X are compared
without being affected by the internal resistance of either
cell; hence, we have i

em.f. X= B X (em.f. N)
R,

where R, is the resistance of the potentiometer wire AS’
and R, 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. a

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 (IR-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.

bt ) ba
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FIGURE 4—A method of showing the proportionality
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-
tential drops and resistance. The wvoltmeter has one

terminal permanently connected to A-and the other ter-
minal free to move along the resistance AB. The volt-
meter reading will be zefo when both terminals are at A,
and will gradually increase as the point P is moved to-
ward B. It will be found that the potential drop meas-
ured between the points 4 and P is always proportional
to that part of the resistance between A and P, and may
be written “

The quantity J7" is ‘the potential drop measured be-
tween A and any other pointP’. ’

FIGURE 5—A method of indicating equal potential
drops between two resistance branches.,

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 resistance 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

= D
Likewise, a similar expression may be used for the re-
maining part of the two branches.
PB 4B
PD - CD
And from these two relations, by equating to the total
resistance in each branch, we may write
Ap _ PB
¢~ PD
This shows that the potential drop always distributes

itself proportionally along one or more resistances in o
parallel circuit. 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 utilizes the
principle just explained. The bridge'is said to be
balanced when the meter indicates zero-current flow 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 less 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.

A P X

]
|

FiGURE 6—T he galvanometer method of indicating
equal potential drops by a null or zero current.

In figure 6 let 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 is unknown, Inas-
much as the meter connected between the points P and

being used to determine that these two

P’ is merely
e galvanometer

points have the same potential, a sensitiv .
a voltmeter, and will be
Under conditions
vanometer needle,

can be employed instead of v
preferable since it is more sensitive.
when there is no deflection in the gal :
we can write a similar relation to that given in the previ-
ous equation:

A X A __ B

A
expressed in terms of the unknown X, X =R (*B )

equations which hold true only
on of the galvanometer, note
that 4 and B may have an infinite Ijmm‘her of‘actual
values so long as the same ratio is mamtamec?. -E‘or ex-
ample, if A were 10 ohms and B wer¢ 5 ohms, the ratio

would be 2; therefore X would have a resistance twice

In analyzing the above
when there is no deflecti

the value of R. Quantities 4 and B could each be
twice as large (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 operation and calculation.

D
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FIGURE 7—Fundamental W heatstone bridge circuit,

Figure 7 illustrates the conventional schematic diagram

- for the*Wheatstone bridge. It is almost identical to the
arrangement shown in figure 6, but has the resistances
connected in a diamond-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, and R; are called the ratio arms of the
bridge, and are usually made to have ratios of 1:1, 1:10,
1:100, 1:1000, which may also be reversed to obtain
ratios of 1:1, 1:0.1, 1:0.01, and 1:0.001. Resistance R,
is called the rheostat arm. Resistance X is the unknown
resistance to be measured. Resistances R,, R,, and R,
are usually resistance boxes containing precision resistors
with tolerances of 0.019% or better. Each resistance box
has switches to vary the resistance to obtain the desired

values.

Theory of the Wheatstone Bridge

Still referring to figure 7, let us ascertain how the
fundamental proportion is derived. When the battery
circuit 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 through
the galvanometer. Therefore, points B and D must be
at exactly the same electrical potential. It will then be
evident that the fall of potential from A to B is exactly
the same as the fall of potential from A to D, In other
words, the voltage across AB must be numerically the
same as the voltage across DC. The current in AB is the
same as the current in BC, since this is a series circuit:
therefore let this current be designated I,. The other
series circuit AD and DC has the same current flow
through AD and DC: call this current I,

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

f

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

I.r Rz = 12 R.w

and since the voltage drop in BC is equal to the voltage
drop in DC, it follows that

LR =I 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:

ILRi=1I.R;

I B, X "

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

R R, _ R,
R X PE=RK ( Rl)

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 bridge is extremely accurate and has
a very wide range for resistance measurement. churacy
is attained through 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
usua[ly used across the galv:mometer dun'ng the pre[{mi_
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 utilizing the bridge
so that setting of the ratio arms is facilitated.

o]
R X
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FIGURE 8—Slide-wire form of the Wheatstone bridge,
often called the Varley or Murray Loop when the
unknown resistor X is a cable or long wire.

The Slide-Wire Wheatstone Bridge

In the slide-wire form of Wheatstone bridge the re-
sistance R; and R, 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. The 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 supptied by the battery divides, part going
through branch ACB and the rest through the slide
wire ADB. The bridge is balanced by sliding the
contact along the wire AB until the galvanometer in-
dicates no current—say at D. The theory of the slide
wire bridge is exactly the same as that of the regular
bridge. Hence, when the bridge is balanced,

R Resistance AD
X 7 Resistance DB °

and since the wire is of uniform cross section, the re-
sistances of AD and DB are directly proportional to the
lengths L, and L, respectively; expressed:

R _ L L
=)

~ = % or X =R (

The lengths of L, and L, are usually determined by
mounting the wire on a yard stick or meter stick, the
only requirement being that the graduations be linear.

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

_tfhe Wheatstone bridge is also used in making pre-
cision measurements of capacitance and inductance as
_well as resistance. Such application will be fully covered
In connection with alternating-current methods of meas-
urement., The familiar bridge circuit will be encountered
many times during the course of electronic study. There-
fore, it behooves the student to thoroughly understand

the basic principles when applied to direct-current cit-
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 (twice; equal to, one half) the in-
ternal resistance of the generator of e.m.f.

3—In the circuit shown in figure 6, the unbalance current
is from P to P’. Resistance R should be (snereased,

. decreased) to attain bridge balance.

4—The unknown resistance X in figure 7 is found to

be 7.14 ohms when the bridge is balanced. What

is the ratio set by R, and R,? What is the resistance

setting of the rheostat arm R,7 Quantities R, K,

and R, are each resistance boxes variable in one-ohpm

steps from one to 1000 ohms,
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