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SCREW THREAD 

STANDARDS 

T.hirty years of careful, co-operative study and d is­

CUSSIOn recently culminated in success when an agree­

ment on a common, unified set of standard specifications 

for screw th reads formally signed by representatives 

of three great nat10ns. This event was held at the 

U. S. N ational Bureau of Standards on November 18 

1948, and its is indicated by the fact that 

was attended oy such notables as Sir Oliver Franks the 

British Ambassador ; Mr. Hume Wrong, the Can;dian 

Ambassador ; Charles Sawyer, Secretary of Commerce ; 

James Forrestal, U. S. Secretary of D efense; K enneth C. 

Royall , Secretary of the Army ; W. Stuart Symington , 

Secretary of the Air Force, and John Lawrence Sul livan, 

Secretary of the N avy. 

Although .the fact has never been widely publicized, 

for a long t1me the existence of differen t standards for 

the of screw threads (as in n uts, bol ts. etc.) 

has const1tuted an imped' 1 · · 
. 1ment to e ectron1c equ1pment 

exchange between these countries-if not t . h t 

b 
. • an ou ng 

arner. 

In order, for example, to get vitally-needed threaded re­

placemen.t parts for an electronic equipment manufactured 

1n Amenca,_ England might be forced to order them 

from Amenca, perhaps losing all benefit from the 

equ1pment until the parts arrived. Such experience t d 
d' s en 

to 1scourage equipment exchanges between the cou ntries. 

When one. considers the military repercussions of the 

lack of a unified set of standards, the need for such a 

set becomes even more urgent. During the first World 

War, the difficul ty in in terchanging parts between Ameri­

can and British electron ic equipment was firs t felt. Dur­

ing the second World War, the emphasis placed on elec­

tronics by all the armed forces made the problem even 

more serious. American industry supplied many thou­

sands of pieces of equipment to the British, threading 

al l screw parts to British specifications. T his led to con­

siderable delay, and wasn't "good business." Further­

more, American mili tary forces, based in England and 

supplied with equipment using American style screw 

threads, experienced trouble in making replacements. 

The newly-achieved agreement will end such diffi­

culties. The British have been using a screw thread with a 

thread angle of 55 ,.. and with rounded th read crests and 

roots (See figure 1) . T he Americans have employed a 

screw thread with a thread angle of 60° , and with flat 

crests and roots . The new standard thread has a thread 

angle of 60° , rounded roots, and either rounded or fl at­

crests (optional). 

Not only has the standard thread form been chosen, 

but_ the number of threads per inch has also been stand-

ardized. Furthermore standard toleranc 1 b 
' es 1ave een 

formu lated and are included in the ag t Tl · reemen . 11s 

accord on tolerances is as important in f 'l 't t . 

1 · act 1 a mg me-
c 1an1Cal fabrication as the agreement t d d 

thread form itself. 
on a san ar 

Standard ization of screw-thread for ms serves as a 
precedent for standardization in other field f · s o eng meer-
ing practice and we rna}' expect to se · ·1 f 1 e Stml ar orma 

agreements reached. As the Bureau of Standards techni-

rep)ort on th:. screw-t_hread standardization (No. 

l_ :.I 5, . 2) says, . Economtc p roduction in the automo-

tl\re, a1rcraft, agncul tu ra l implement a d tl · d 
. , n o 1er 111 us-

tries usmg assembly-line methods req · t 1 UJres no on y a 

steady supply of components but also tl t th 
. . ' 1a e compo-

nents, mcludmg a large number of fast b · 
eners, e mter-

changeable so that they can be fitted together without 

selection, subseguent marking or hand fitt' f 

kind." 
• ' - mg o any 

At present it that the major effect on the field 

of N avy electron1cs of this far-reachin 'Jl 
' g agreement wt 

be to . encourage exchange of equipment between the 

coun tCJes, and to facilitate the manufactu f t 
as described above. ' re 0 appara us 

( rounde d cres r 

\IV\ 
l rounded root 

ropt•onol fla t or 

V\]\ 
L round root 
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TYPE-49545 
SPEAKER-AMPLIFIER 

LOUDSPEAKER CONES 

Several reports have been received by the Bureau of 

Ships stating that the loudspeaker cones for the Type 

-49545 Speaker-Amplifier Units contained in spare parts 

boxes have been' found damaged and unfi t for use. The 

dehydrating bag has been found resting on the cone, and 

because of the vibration incident to the handling of the 

spare parts boxes and the cone container itself, the bag 

has caused the cone to w rinkle and become unuseable. 

All vessels and activities using the Type -49545 

speaker-amplifier are requested to check the loudspeaker 

cones in their spare parts boxes for possible damage. 

Two cones are included in each set of equipment spares 

and tender spares, and three in each set of stock spares. 

Cones that are found to be undamaged should be re­

tained in the original container but the container should 

be stored in an inverted position, i.e. with the dehydrat­

ing bag on the bottom of the container. The gasket will 

retain the cone at the top, away from the bag, resulting 

in less chance of damage. The outside of each container 

should be marked accordingly. D amaged cones should 

be turned over to the nearest Electronics O fficer for dis­

posal, and a failure report card NavShips-383 submitted 

to the Bureau of Ships. 

LM FREQUENCY METER 

CALIBRATION HANDBOOK 

Constant and f requent use of calibration handbooks 

for the LM series meters soon irreparably damages 

them. Replacemen t of them entails expensive recalibra­

tion of the instruments in a special laboratory, which 

keeps them out of service for months. 

This time and expense is materially reduced and the 

life of the handbooks prolonged by encasing the cali ­

bration books in protective aluminum covers. These 

can be fabricated readily and economically from alumi­

num sheet stock of 0.032-ind1 thickness, preferably 

anodized ST, using the LM book cover as a template. 

T he cardboard covers should not be thrown away, but 

saved, since essentia l information is printed on them. 

When enclosed in the two aluminum covers, not ex­

ceeding the specified thickness, a calibration book may 

be read ily stowed in the compartment provided under 

the inst rument. 

M·ODIFICATION 
OF KEYER 
KY-43/URT 

The Model KY-43/URT Frequency-Shift-Keyer is 

used for frequency-shift-keying of the Model TAB-5 

Radio Transmitting Equipment, and works well in most 

installations. In some installations, however, the desired 

170-cps shift at 100 kc is not obtained. This is due to 

insufficient grid excitation of the 6SA7 tube V-801. 

Individual differences in keyers and transmitter osci lla­

tors is enough to cause this to happen in those equip­

ments affected. 

This difficulty was corrected at the N aval Communica­

tion Station, Annapolis, M el., by changing resistor R-811 

from 1000 to 2400 ohms. I t is to be noted, however. 

that this alteration also changes the frequency-dial set­

tings of the keyer. It is necessary to recalibrate these 

dials for all frequencies. 

Personnel at the Annapolis station also report that the 

line-control potentiometer "R" open-circuited when set 

in the extreme clockwise position. This was remedied by 

connecting a wire between the terminals of the moving­

contact arm and the low-potential end of the poten­

tiometer. 

All KY-43jURT Frequency-Shift-K eyers should be 

checked for these troubles, and corrected if necessarr . 

MODELS OHB/-1 

MCC WIRING 

Due to an original wiring error in the Models QHBj -1 

Scanning Sonar Equipments, the MCC leads from the 

Type CAN-241242 Scanning Switch Assembly to the 

Type CAN- 5111 4 Transducer were reversed. Accord­

ing ly, all vessels and activities are requested to exan1ine 

terminals No. 49 and 50 of terminal strip 48 of the 

scann ing switch assembly. 

Terminal No. 49 of the strip should have the black 

lead from transducer terminal No. 50 connected to it ; 

terminal No. 50 o f the strip should have the purple 

lead from transducer terminal No. 49 connected to it. 

If these leads are reversed, they shou Id be connected 

correctly. In this connection, reference should be made 

to figure 3-1 4 on page 3-23-24 of NavShips 900,976 (A) , 

the instruction book for Models QHBj-1 Scanning 

Sonar Equipment, or to figure 3-4 on page 3-29 -30 of 

\IavShips 900,976, the prel iminary instmction book for 

Models Q HB/ -1 Scanning Sonar Equipment . 
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REM·OTING THE AN/TPS.,lB 
Marine Ground Control Intercept Squadron 17, lo­

cated at U. S. Naval Air Station, Willow Grove, Pa., 
•s ~uipped with a Search Radar Set ANj TPS-1B, 
which because of terrain considerations is located 3300 
feet from the Ground Control Intercept Radar SP-IM, 
and the Combat Information Center at the station. The 
AN~1B ~as designed and equipped for remoting 
radar mformat10n for a maximum distance of only 750 
feet. H owever, this ANj TPS-lB has been remoted at 
this station over the distance of 3300 feet by direct 
underground cabling without appreciable loss in radar 
presentation at the repeater scopes. 

T hree separate cables were used for remoting the 
information. Each cable had to be spliced several times, 
splicing connectors being used where appropriate. Two 
of the cables used were coaxial, Navy Type RG-11/ U, 
and the third was a multiple conductor cable, Type 
MHFA- 10. No line amplifiers were used. 

One coaxial cable was used to carry the radar video 
information ; the other coa.xial cable was used to carry 
the radar trigger pulses. The ten-conductor multiple 
cable was used to carry the syncrho information between 
the ANj TPS-1B radar and the repeaters at the SP-lM 
radar. One each single conductor in the cable was used 
to carry the three stator voltages. Since the rotor of the 
ANj TPS-1B synchro generator must be excited from 
a 60-cyde source, and only 400-cycle power is available 
at the ANj TPS-lB, the excitation voltage was furnished 
by the SP- 1M radar and carried the 3300 feet to the 

ANjTPS-1 B UNIT (indicated by arrow) located 3300 
feet from the SP-1 M antenna van shown in the fore­
ground. 

search radar. To minimize line drops 3 conductors in 
the multiple cable were connected in parallel for each 
line of the 110-volt, 60-cycle excitation, requiring six 
conductors in all. 

Although remoting was accomplished over a distance 
of 3300 'feet without appreciable loss, serious thought 
is being g iven at this station to installing one line ampli­
fi er at the midway position in the event that the video, 
trigger or positioning information weaken with aging 
of the cable andj or connectors. 

MODEL SR-6 ANTENNA MAINTENANCE 

During tests of a Model SR-6 Radar Equipment 
installation, the antenna stopped rotating. Upon in­
vestigation it was found that the Garlock Packing 
Ring, Symbol Designation U-1307, located in the groove 
of Top Cover Plate 0-1342, had worked its way out 
of the groove. Inspection revealed that the packing 
ring was chewed up due to improper installation. 
After the antenna was removed from the ship and a 
new packing ring was installed, no further antenna 
trouble of this nature was experienced. 

There are two possible ways in which the Garlock 
Packing Ring can be inserted into the groove. One 
side of the packing has a slightly larger dimension 

than the opposite side. The p roper way to install 
the packing is to insert the side with the larger dimen­
sion first, as shown in figure 1. It will have to be 
forced into the groove before it is seated. Also make 
certain that the two ends of the packing ring are cut 

clean at a 45 o angle. Any frayed edges should be 
trimmed. 

Installation of the Garlock packing cannot be ch eckeJ 
without removing the antenna and pedestal. If the 
antenna stops rotating or becomes unusually sluggish, 
however, the Garlock Packing Ring should be inspected. 

fiGURE !- Cross-sectional viet11 showing 'Garlock Pack· 
mg Ring properly installed with wide dimension 

against bottom of groove in top cover plate. 

RAC=K M·OUNTING FO:R TYPES AM-215/U 
AND AM-215AIU AUDIO-FREQUENCY AMPLIFIER 

The Long Beach Naval Shipyard has designed a rack 

mounting for the Type AM- 215/U a-f amplifier. 

Figures 1 and 2 illustrate the Type AM-21 5/U amplifier 

in the rack mounting. Construction data and fabrication 

information are included in figure 3. 

This type of mounting with slight modification can 
also be used for the Type AM-215AfU amplifier. The 
front panel of the AM- 215AfU amplifier will have to 
extend about % inch in front of the mounting rack in 
order to allow the front panel to be lowered and the 
hinge pin to be removed. 

.. 

FIGURE 1. 

Front view of A.i\1.-215/ U amplifier in 
rack mounting. 

FIGU RE 2. 

Top view of A .i\1.-215/ U amplifier in 
rack mormtn1g. 

.. 
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FIGURE 3- /VJck mounti'llg de­
signed by tbe Lo·ng Beach N aval 
Sbipyatd fo r A udio-Frequency 
Amplifier A M- 2 75fU. Tbis 
mormtn1g is also readily adapta­
ble fo·r use t11ith Audio-Frequency 

r "·· -~ --·~ ... , 1·•1·-lf···· - · -~-·~--· ; ·•l·o!l "" ' 
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A mplifier AM- 215A f U. 0 
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THE SINGING PALM ... YET ... 
Sirs: 

The D ecember 1948 ELECTRON described a palm t 
G h" h ree 

at . u~ w . tc_ was performing as a fai rly good re-
cetver tn emtttmg music from a local broadcast stat· 

Th · ton. 
e. wnter has known of a similar instance where 

an _ordmary house stove acted as a receiver. This was 
belteved due to a poor contact of dissimilar metals in 

the stove itself acting as an imperfect detector. The ac­
complishment of detection in the "singing palm" was 

prob~bly due_ t~ t~e burr;ting of the wood, p roviding two 
chemtcally dtsstmllar materials in contact such that im­
perfect b~t act~al detection was taking place. 
. The wnter wlll ~ead the next issue of ELECTRON w ith 
mterest to ascertam the correct solution . f th b 
is not! 

1 
e a ove 

U.S.S. Eldorado (AGC- 11), 
Fleet Post Office, 
San Francisco, California. 

Sirs: 

RICHARD L. w A'RREN 

In reference to the "Singing Palm" t" 1 . ar tc e 10 the 
December 1948 ELECTRON, we have a theo th 
I
. . . ry at we be-
teve mtght explarn the above phenome non. 

As the wire burned into the palm a ca b 
f d 

. . • r on spot was 
orme whiCh, we belteve, would at the po· t f 

. 10 o contact 
wtth the conductor, act as a non-linear · d . . . tmpe ance to 
provrde detectton of the stgnal much in th . ' e same man-
ner as d tfferent layers of rust or a cold sold . . 
A · er J010t 

ssumrng that the carbon was not uniformly acked. 
there should be enough loosely packed c b P ' ·b · ar on g ranules 
to vr rate wrth the changes of current through .t 1 1 . 1 , t 1ere)}' 
.tetmg as a reproducer. 

JACK D. BOWERS, ETJ 
WILLlAM H. DEWtn· ET3 

U.S.S. Pa.r111J/Ipric (AO 107) , ' · 

Fleet Post Office, 
~an Francisco, California. 

~~r~ 

Re . The Smgmg Palm. " It'> all \ery .~impl e. De­

moJulat ton took place when the carbon (burned palm­

·rec- \ .trrc·t}) was 10 Wntact with the antenna wire itself, 
p rodLHrnp . . 1 (oberer' effect. 

The '>tj.(n.d modulatron coming through the antenna 

was "picked off" the r-f carrier by this carbon-wire juxta­
position, and the antenna wire itsel f served as the sound­
ing board for the resulting vibrations. 

The same effect may be demonstrated by connecting 
a razor blade (imbedded in wood ) to each end of a coil 
of wire, and laying a pencil lead across the two blade­

e?ges.. If there is a strong enough signal present, the 
ng wdl serve as a fairly efficient speaker. 

While on the subject of weird rigs, ever try hooking 
a P A mike amplifier into the p rimary of a transformer, 
~nd then wi ring up the transfo rmer secondary into the 
rnpu_t of a ford coil (which has been souped up all 
possrble) ? Makes an A- l p lus transmitter-although 
just a b it broad in band ! 

BILL R. H ARMON, YNS2, USNR 

Office of Assist. Elect. Officer 
for N aval Reserve Room 268 
Administration B~i l ding, ' 

Long Beach Naval Shipyard, 
Long Beach, Cali fo rnia. 

BOX SEO 

Last To 
Type of Approach Month Date 

Practice Landings ____ 
8,056 183,765 

Landings Under lnstrum t 
C dl' en on 1 rons 452 8,100 

M·OISTURE CONDE_NSATION 
IN CEILOMETER (AN/GMQ-2) 

A method for preventing moisture condensation in 
ANj GMQ-2 ceilometers is given in a recent beneficial 

suggestion. I t was submitted by Floyd L. Rinehart, 

Radio Mechanic (civilian), N ATB, Pensacola, Fla. 
D uring periods of h igh humidity, considerable mois­

ture was found to condense within the air l ines and the 
compressor cylinders. W hen the equipmen t was oper­
ated, the condensed moisture was forced through th e 
nozzles, vaporized, and re-collected on the quartz mer­
cury lamps. There was enough moisture on the lamp 
to set up a low resistance across the lamp transformer. 

Excessive current flowed, and the lamp fuse blew so that 

the ceilometer was rendered inoperative. As a result, 

the average life of the mercury lamps was shortened 
materially. This was found to occur repeatedly unless 

the apparatus was thoroughly dry. 
T he beneficial suggestion contains a remedy which 

was found to work satisfactorily at the station. A type 

R-F WATTMETER ME-11/U 
One or more Model ME- 11/ U R-F Wattmeters are 

on the allowance lists of all ships whid1 have a Model 
TDZ Radio T ransmitting Equipment on their allowance 

list, and all tenders and repair ships. This wattmeter is 
now being distributed to various supply points and 
Naval shipyards, and should be requisitioned to fill 
authorized allowances as soon as possible. The meter is 

especially useful in tuning the TDZ transmitter. 
It is rated at up to 60 watts at from 30 to 500 mega­

cycles, and works into a coaxial 51.5-ohm nominal load. 
The application of this wattmeter is explained in detail 

in the instruction book (NavShips 91 118), which should 
be referred to very carefully in order that the wattmeter 

can be uti lized to best advantage. 

NEW GCA UNITS 
A Navy contract for twelve ground control approach 

units has been awarded to the Bendix Radio Division 

of the Bendix Aviation Corporation. 
The twelve new GCA uni ts will be used as normal 

replacement for Navy uni ts which have been in use for 

a number of years in the United States and abroad. Tht 

un its, to be built at the Bendix plant in Baltimore. 

Maryland, w ill cost $2,800,000. 
First of the twelve new uni ts to he built by I3endix 

is scheduled for delivery in August this year with de­

livery of two per month thereafter. 

HRlOl heater unit, furnished as a spare for that used 

in the detector, was employed to dry out the equipment 
and prevent the unwanted moisture condensation. The 

heater was mounted on two 1 Y4 -inch stand-off insula­

tors, and was located on the sidewall near the top of 
the control-assembly box. (This location provided a 
slight forced draft in the region of the lower cabinet.) 
The 115-volt outlet in the control-assembly box was 
used to provide power for the heater. I t was found 
that this heater was necessary only when e.'Xcessive 
humidity was encountered. It materially improved the 
average life span of the mercury lamps, and pre\·ented 

interruption of ceilometer service from the equipment 

protected in this manner. 
The Bureau of Ships approves the suggested method, 

but its use is optional. It is to be restricted to those ac­
tivities experiencing humidity conditions where this 

method would be beneficial. 

REDUCED FILAMENT 
VOLTAGE ON TYPE 

889RA ELECTRON TUBES 
The average hour life of the Type 889RA electron 

tube has been increased by over 95% at the Naval Com­
munication Station, Annapolis, by decreasing the applied 

filament voltage from 11 volts to 10 volts. 
No reduction in power output or other abnormalities 

of operation result from this reduction in filament 

voltage. 
In view of the economy resulting from increased tube 

life, it is recommended that this type tube be operated 
with a filament voltage of 10 volts, wherever suitable 

voltage regula tion is main tained. 

CORRECT ALIGNMENT 
OF MODEL QHB SERIES 

TRANSDUCERS 
It hb been reported to the Bureau of Ships that after 

he.un patterns have been taken, some Model QHB 
.,erib transducers have heen found locked off the correct 

point o( .dignmenl by as much as 1-t degrees. Accord­

in~.dy , it is recommended that these transducers should 

not be lol ked permanently into posit ion until after a 

beam patte rn has been taken. 
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BASIC PHYSICS 
PART 17 

Ohm's law expresses the relationships between cur­
rents and voltages in series and parallel circuits that 
exist regardless of the number or the values of the 
resistances. However, when applying Ohm's law to a 
particular part of the circuit, only the voltage, current 
and resistance values actually associated with that par­
ticular part of the circuit should be used. 

Series and parallel circuits of a simple nature are 
easily solved by the proper application of Ohm's law, but 
in complex networks of resistances and several sources of 
emf, the solution is often difficult in some cases and 
impossible in others. This limitation of the use of Ohm's 
law has been overcome by Kirchhoff's laws. 

Kirchhoff's Laws 

. In 1847, G. R. Kirchhoff extended Ohm's law by two 
1mportant statements which have become known as 
Kirchhoff's laws. An understanding of Kirchhoff's laws 
plus the abi li ty to apply them in analyzing circuit con: 
d itions, fu rnishes the student with a method that en­
ables him to solve ci rcuit problems that are often 1m­
possible with just a knowledge of Ohm's law. 

K irchhoff's laws may be stated as follows : 

1- The algebraic sum of the currents at any junc­
tion of conductors is zero. That is, at any point in a cir­
cuit, there is as much current flowing away from the 
point as there is flowing toward it. 

2- T he algebraic sum of the electromotive forces 
and the voltage drops around any closed circuit is zero. 
That is, in any closed circuit, the applied emf is equal 
to the IR drops around the circuit. 

These laws are st ra ightforward, for the first is self­
evident from the study of parallel circui ts and the second 
thoroughly proven in connection ~ith s~ries circuits. 
When properly applied, they perm1t settmg up equa­
tions for any circuit and solving for any required cur­

rent, voltage or circuit component. 
The two Jaws of Kirchhoff state in a general way the 

fundamental relationships that must exist between cur­
~ents and voltages in any electrical circuit. The first law 
IS relative to currents and means that the sum of all the 
currents coming toward a junction of several conducting 

branches in a closed electric circui t is equal to the sum 
of all the currents flowing away from that junction. It 
means that electrons cannot accumulate at any junction ; 
as many electrons must leave the junction as enter it. 
This is a reasonable assumption, since a junction has no 
particular storage capacity for electrons, which in turn 
repel one another very strongly. 

The second law is relative to voltages and means that 
around any continuous path in a closed electric circuit 
the algebraic sum of the voltage drops around the cir­
cui t equals the sum of the voltages applied to the circuit. 
This may be likened to Newton's third law in me­
chanics; namely, action and reaction are equal and 
opposite. It requires an emf to make the electrons move, 
therefore the magnitude of the current flow reaches an 
equilibrium value where the voltage drops throughout 
the circuit are exactly equal to the impressed emf. 

F IGURE ! - Demonstrating the validity of Kirchhoffs 
fi rst law. 

To test the validity of Kirchhoff's fi rst law, consider 
the parallel circuit shown in figure 1. 

The total circuit current I flows from the negative 
terminal of the battery toward the junction where the 
current divides, part of it, 11, flowing through R1 and 

the remainder, 12, .flowing through R2• The actual values 
of 11 and 12 will be determined by the applied emf and 
the values of R1 and R2 but their sum will always equal 
I. The power supplied by a source of emf is EI and 
the power dissipated in a load is J2R, therefore in 
accordance with the law of the conservation of energy, 
this may be stated: 

El = 12R 

and simplified to : E = IR 
It is evident that the total current supplied by the 

source of emf will be determined by the ratio Ej R, 
where R is the resistance represented by the paral lel 
brand1 R1 and R2 , therefore : 

1=11 + 12 

The validity of Kirchhoff's second law was adequately 
proven in the study of series circuits where it was shown 
that in any closed series circuit the applied emf is equal 

FIGURE 2-Drmzonstrating the validity of Kit"Chhoffs 
seco11d latll. 

to the voltage drops around the circuit. For instance, 
neglecting the internal resistance of the battery and 
interconnecting wires of figure 2, the current as ob­
tained by Ohm's law is: 

I 
1.5 

= 
150 

= 0.01 amperes; 

and by Kirchhoff's second Jaw: 

E= IR1 + IR2 + IR3 

1.5 = 25 I + 501 + 751 

I 1.5 0 = 
150 

= 0. 1 amperes. 

In considering the circuit from the viewpoint of 
voltage relationships around the circuit, we can proceed 
around the circuit from the negative terminal of the 
battery back to the positive terminal. When current 
passes through a resistance there is a voltage drop in 
the direction of current flow that represents a loss and 
therefore is subtractive. Also, in going around the cir­
cuit, sources of emf represent a gain in voltage if they 

tend to aid current flow and therefore are additive. Thus, 
a complete circuit of figure 2 rna~ be written: 

-251-501-751 + 1.5 =0 
substituting the value of I, we obtain : 

-0.25-0.5-0.75 + 1.5=0 
-1.5 + 1.5 =0 

The point at which to start around the circuit is 
purely a matter of choice, for the algebraic sum of all 
voltages around the ci rcui t is equal to zero. 

Circuits of a series, parallel or combined series­
parallel nature across a single source of emf may be 
solved by the application· of Ohm's or J9rchhoff's laws. 
Complex circuits containing bridge netwprks of re­
sistances or those containing several sources of emf 
become increasingly difficult of solution by Ohm's law 
alone. These ci rcuits are solved by simplification with 
Kirchhoff's laws, then obtaining the solution by Ohm's 

law. 

F IGURE 3-NetUJork simplification to a single equivalent 
resistance. 

Network Calculations Simplified 
A circuit which includes a number of resistances 

arranged in series and parallel groupings forms a net-
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work. In order to .find the current in each of the re­
sistances of the circuit shown in .figure 3, the circuit 
must be simplified step by step as shown in the suc­
cessive diagrams. By repeated application of Ohm's law, 
it is then possible to compute the total current supplied 
by the battery, the current in each branch or each re­
sistance, and therefore the potential drop across each 
resistance. 

The simplification of strictly series-parallel networks 
is comparatively easy as shown in figure 3, and previ­
ously explained in Parts 9 and 10, Basic Physics; how­
ever, circuits of the W heatstone bridge type are of a 
more complicated nature and cannot be simplified as 
easily. 

Equivalent Star a nd De lta Circuit s 
A method of reducing complicated networks to 

simpler equivalent circuits wi ll be derived here. First, 
the nomenclature of such type circuits. A delta circuit 
is shown in figu re 4a, and consists of three resistance 

F IGU RE 4-Delta connection dl1d equivalent star or Y. 

branches connected in the shape of a triangle. This 
may be recognized as part of a Wheatstone bridge cir­
cuit. An eq uivalent ci rcuit, shown in fig ure 4b, is called 
the star or Y, where the resistances are connected from a 
cen ter common junction to points A, B, and C. 

If one of these ci rcuits is to be made equivalent to 
the other, then the resistance between points A and B, 
B and C and A and C must be the same in either cir­
cuit. Let' us analyze the delta network. In fig ure 4a, the 
res istance between poin ts A and B is the parallel re­
sistance with R1 w ith R2 and Ra. 

similarly: 

R1 (Rz + Ra) 
RAn=RJ + Rz + Ra 

R _ R3 (R 1 f _RzL and 
AC-Rl + R2 + R:l 

Now take the star or Y connection in figure 4b. The 
resistan~e between points A and B is the series resistance 
of Ra and Rb. 

RAn= Rn + Rb 

similar! y: RAe = Ra + Rc and Rnc = Rb + Rc 

Up to this point we have merely expressed the re­
sistance relationship between points A, B, and C for 
each of the networks. Since we are making- an equivalent 
set of ci rcuits, the equivalent resistances between points 
A and B, B and C, and C and A may be tabulated for 

the two circuits. 

Resistance Delta Star 

Between A and B 
Rl (R2 + R3) 

Rn + R" R 1 + R2 +R3 

Between B and C 
R2 (R1 + R3 ) 

R" + Rc Rl + Rz + Ra 

Between C and A 
Ra (R1 + R2 ) 

Ra + Rc 
Rt + Rz + Ra 

These equations express the basic relationships be­
tween the delta and star method of electrical connec­
tions that will be encountered many times in the study 
of electricity and electronics. Calculations of compli­
cated networks are often simplified by converting a 
delta connection to its equivalent star connection, or vice 
versa. To provide working formu las for such conver­
sions, the basic eq uations are solved simultaneously, in 
terms of either the delta or the star. 

Solving the simultaneous equations to obtain the 
three branches of an equivalent star network, expressed 
in terms of the delta resistances Rh R2 and R3 , we 
obtain: 

Ra= Rl R3 
. Rt + R2 + R3 

R - Rt Rz 
o- Rl + Rz + R3 

R - Rz Ra 
c- Rl + R2 + R

3 

Each equivalent branch of a star connection is equal 
to the product of the adjacent legs of the delta divided 
by the sum of the th ree legs of a delta. 

The three equations for R., Rh and Rc are working 
formula for converting a delta connection to its equiva­
lent star. 

Transformat ion of St ar t o Delta 
T he basic equations may also be solved simultaneously 

in te rms of the star resistances R., Rb and Rc, thus 
providing a means of converting from a star to its 
equivalent delta. 

R
1 
= ! aRb + RoRc + · RcRn 

Rc 

Ro = _ R,.Rh_+ ~hRe + RcRn 
- Ra 

Ra = RnRb + RbRc + RcRa 
Rb 

Using this set of formulas, a conversion can be made 
from a star connection to its equivalent delta connec­
tion having the resistances Rb R2 and R3 . Remember 
that the relationships of the branches of" the delta and 
star networks as given in figure 4a and b must be main­
tained when using either set of conversion formulas. 

Transformations from a delta circuit connection to 
its equivalent star connection, or vice versa, are often 
necessary in reducing a complicated network to. simpler 
series-parallel branches. Once this is accomplished, 
Ohm's law may be used to calculate the current flow or 
the tota l resistance. For example modification of the 
series-parallel network in figure 3b, by the addition of 
a 5-ohm resistance between points B and C changes this 
simple network into a Wheatstone bridge circuit. 
Methods of solution learned in the study of series­
parallel circuits are not applicable in this case, but a 
delta-star transformation would reduce this circuit to 
another series-parallel combination that may be solved 
by Ohm's law. 

FIGURE 5-Nettvork simplification by use of delta-star 
conversion. 

The resistances R1 , R~ and R~ of the bridge circui t in 
figure 5a form a delta network that may be converted 
into its equivalent star, R., R" and Rc as shown in figure 

5b. 
3 x 4 

Ra= 3 + 4 + 5 
1 ohm 

R _ 3x5 
c- 3 + 4+5 

,. 
--r.25 ohms 

The star connection, in conjunction with R4 and R
5

, 

forms a series-parallel network as tShown in .figure 5b. 
This may be converted to a series circuit AD as follows· t . 

R R (R" + R4 ) (Rc + Rs) 
AD= a + --;-.,;---=-~"----'~~-: 

(Rb + R,) + (Rc + Rs) 

(1.67 + 2) (1.25 + 1) R ,\D = 1 + -;-C--=:---...,...-'---'-,---,..---'----''---
(1. 67 + 2) + (1. 25 + 1) 

R,\D = 1 + 1.3941 = 2.3941 ohms ... 
This method simplifies the calculation of the total 

resistance between points A and D , but is of little value 
if the magnitudes of current flow in the individual 
branches of the network are to be determined. W hen 
the magnitude and direction of current flow in a par­
ticular part of a network are required , the application 
of Kirchhoff's two laws becomes mandatory. 

Procedure for Applying Kirchhoff' s Laws 
In applying K irchhoff's Jaws to electrical networks, 

a systematic procedure is invaluable in reducing errors 
and saving time. In common with all other problems, 
the solution of a circuit or network should not be 
sta rted un til the conditions are analyzed and it is clearly 
understood what is to be found. In order to facilitate 
solving networks by means of Kirchhoff' s Jaws a large 
diagram of the network should. be drawn, marking all 
known values and polari ties of voltage sources. 

Indicate the assumed direction of current flow in each 
branch of the network. Polarities of the voltage drop 
across each resistance should be marked, the end of a 
resistance at which the current enters being negative and 
the end of the resistance where the current leaves being 
positive. The number of unknown currents may be re­
duced by assig ning a direction to all but one of the 
unknown currents at a ju nction , and expressing the 
remaining current in terms of the other currents by 
applying Kirchhoff's first law to the junction. 

Using Kirchhoff's second law, as many equations as 
there are unknowns to be determined should be set up. 
Each circuit path followed should cover some part of 
the circuit not used for other paths; then each equation 
will contain some relationship th at has not been ex­
pressed in another equation. The equations thus set up 
are simultaneous and therefore can be solved as such to 
obtain the values of the unknown quantities. 

Al l solutions should be checked by substituting the 
values of calculated currents in a circuit path that had 
not been p reviously used in setting up the simultaneous 
equations. 

The b ridge circuit in figure 6 is an excellent example 
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that may be used to demonstrate the application of 
Kirchhoff's laws to determine current values that would 
be extremely difficult to determine by calculations using 
Ohm's law alone. 

FIGURE 6--Application of Kirchhoff's laws to the 
bridge circuit. 

Application of Kirchhoff's Laws 
to a Bridge Circuit 

The values of the resistances in figures 5 and 6 were 
purpose~y made identical to permit a comparison of re­
sults obtained by both methods of solution. 

The directions of current flow in each branch of the 
circuit in figure 6 are assumed and each arrow labeled. 
To keep the unknown currents to a minimum Kirch ­
hoff's first law is appli.ed to each junction, so' that at 
junction A, the current I flowing toward the junction 
divides into I1 flowing to junction B, and I2 flowing 
toward junction C. The current in branch BC is labeled 
13 and the current in branch BD is expressed in terms 
of I1 and I3 , so that the current in branch BD is I _ 1 

l S · 

As a means of check at this point, Ki rchhoff's fi rst law 
is applied to junction D. (I t - Ia) + (12 + 13 ) = 
I1 + I2, which equals the current I leaving the other 

terminal of the battery. 
Let it be desired that the magnitude and direction of 

the current through the 5-ohm branch BC be found. 
This would simulate the condi tion existing in an un­

balanced Wheatstone bridge. 
K irchhoff's second law is applied to the network and 

sufficient equations are set u~ to inclu_de a_ll the unknown 
currents. When proceeding tn the d!fectiOn of assumed 
current flow, each resistance causes a potential drop and 
is subtractive; each source of emf is add itive if it tend s 
to aid current flow, but subtractive if it tends to oppose 

the current flow. 

Branch ABDEA 

simplified 

Branch ABCDEA 

-411 -2 (I1 - Is) + 1.5 = 0 

- 611 + 2I3 + 1.5 = 0 

-41,-51.- 1 (l2 + I.)+ 1.5 = 0 

simplified 

Branch ABCA 

- 411 - 12 -6I3 +. 1.5 = 0 

-411 - 5I3 + 3I2 = 0 

N ote that in branch ABCA the voltage drop across 
the 3-ohm resistance is additive wh~n going from C to A 
in opposition to the assumed direction of current flow. 
When the equations are solved for the values I1 , I2 and 

Is, 
I 1 = 0.2558 amperes 

I2 = ·0.3712 

Is =0.0176 

The current Is through the 5-ohm resistance was 
· found to be 17.6 milliamperes, and the direction as 

assumed was correct because the answer had a positive 
value. When the answer for an unknown current results 
in a negative value, it merely means that the assumed 
direction was incorrect, but the magnitude is correct 
regardless of the sign. 

By Kirchhoff's fi rst law, the total current supplied by 
the battery was found to be equal to I1 + I2 • 

I = 11 + I2 = 0.2558 +. 0, 3712 = 0.627 amperes. 

The total resistance represented by the network is 
equal to the applied ~mf divided by the total current. 

F IGURE 7- Circuits containing two sources of EMF. 

R 1.5 hm = 0.627 = 2.392 0 s 

This may be checked with the total resistance of the 
same circuit as obtained by delta-star conversion, as 
described in connection with figure 5. 

C ircuits C ontaining Two Sources of EMF 
The magnitude and direction of current flow in a 

circuit containing two sources of emf such as that of 
figure 7 may be solved by the proper application of 
Kirchhoff's two laws. The currents are assumed to flow 
as indicated by the arrows, each unknown current being 
given a designation, I, 11 and 12 . Remember that any 
direction may be assumed when the problem is originally 
set up, since an answer with a negative sign will indicate 
the assumed direction is in error. 

Applying Kirchhoff's first law to junction A estab-
. lishes the equality of current I flowing toward the 
junction and the two currents ! 1 and 12 flowing from 
that junction. Kirchhoff's second law is used to set up 
simultarreous equations containing all the unknown 
values of current. Branch A to B, through the 8-volt 
source to A: 

- 0.31 - 511 + 8 = 0 

since I = I1 + 12, this simplifies to: 
- 5.311 - 0.3I2 + 8 = 0 

Branch A to 6-volt source to B to A: 
- 0.2I2 -6 + 5I1= 0 

W hen the equations for the two branches are solved 
simultaneously, 

therefore : 

I1 = 1.3281 amperes 

12 = 3.2025 

I = 4.5306 

All answers were obtained with positive values. There­
fore the assumed directions were correct. As a means of 
check, these values of current should be substituted when 
applying Kirchhoff's second law around the entire cir­
cuit, thus 

8 - 0.3I - 0.2I2 -6=0 

8 - 0.3 (4.5306) - 0.2 (3.2025) - 6=0 

8 - 7.99968 = 0 

Circuits Containing Three Sources of EMF 
Figure 8 shows a network that contains three sources 

of emf. K irchhoff's laws may be utilized in calculating 
the magnitu.des of the various currents and determining 
the actual directions of current flow. The direction of 

f iGUR E 8-Cirmit containing three sources of EMF. 

current flow in each branch is fi rst assumed, and marked 
by arrows each given a different designation. By Kirch­
hoff's first law, I = 11 + 12 at junction A or B. 

Using Kirchhoff's second law, simultaneous equations 
are set up for circuits 1 and 2. 

Circuit 1 : - 2.111 + 4 + 6 - 0.2 (!1 + 12) = 0 

Circuit 2: - 3.5I2 + 5 + 6 - 0.2 (!1 + 12) = 0 

The equations are simp lified and solved simultane-
ously. 

I1 = 4.1086 amperes 

I2 = 2.7509 therefore, I = 6.8595 amperes. 

The solutions obtained may be checked by substituting 
them in place of th e currents flowing in the entire outer 
circuit, i.e., £;:om A through the 3-ohm resistance, 5-volt 
source, junction_ B, 4-volt source, then through the 
2-ohm resistance back to junction A. 

- 3.5 (2.75,09) + 5 - 4 + 2.1 (4.1086) = 0 

- 9.628 +5 - 4 + 8.628 =0 

- 13.628 +· 13.628 = 0 

The application of Kirchhoff's laws to more compli­
cated networks requires that extreme care be used in 
designating the various currents that flow. Each branch 
must be followed carefully to insure_ against d uplicating 
other brand1 currents. Those branches in which a com­
mon current flows must have designations that accurately 
show the relationships of those currents. Frequent appli­
cation of Kirchhoff's first law to junctions will reduce 
the number of unknown values that must be deter­
mined, since one of the branch currents may then be 
expressed in terms of the other two. 

All solutions should be checked by substitution in a 
circui t path not previously used in setting up the orig­
inal equations. This provides a double check on the 
current values obtained. Bear in mind, however, it is 
seldom that the algebraic sum of the voltage drops 
around the circuit path used for check purposes will 
exactly equal zero. This is due to the current practice of 
expressing numerical accuracy to only three significant 
figures. l11e examples used in this text were carried 
ou t to four decimal places to permit cfoser comparisons 
between several methods of solution . 

QUESTIONS ON BASIC PHYSICS, Part 17 

1- Given a star connection with Rn = 2.7 ohms, 
Rb = 1.2 ohms and Rc = 4 ohms. Calculate the 
equivalent delta branches. 

2- W hat is the equivalent resistance of the bridge 
circui t in figure 5a when R2 is increased to 12 
ohms? 

3-Calcula te the direction and magn itu de of current 
through the 5-volt battery in figu re 8 when the 
polarity of the 6-volt battery is reversed . 

ANSWERS TO QUESTION S, Part 16 

l - 0.092 ohms 
2- Equal to 
3- Increased 
4- Rat io 1/ 100, R2 = 714 ohms. 
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