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REMOTING THE AN/TPS.1B

Marine Ground Control Intercept Squadron 17, lo-
cated at U. S. Naval Air Station, Willow Grove, Pa.,,
is equipped with a Search Radar Set AN/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/TPS-1B was designed and equipped for remoting
radar information for a maximum distance of only 750
feet. However, this AN/TPS-1B 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.

Three scparate 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 coaxial cable was used to carry
the radar trigger pulses. The ten-conductor multiple
cable was used to carry the syncrho information between
the AN/TPS-1B radar and the repeators at the SP-1M
radar. One each single conductor in the cable was used
to carry the three stator voltages. Since the rotor of the
AN/TPS-1B synchro generator must be excited from
a 60-cycle source, and only 400-cycle power is available
at the AN/TPS-1B, the excitation voltage was furnished
by the SP-1M radar and carried the 3300 feet to the

AN/TPS—1B UNIT (indicated by arrow) located 3300
feet from the SP-IM 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, GO-cycle excitation, requiring six
conductors in all.

Although remoting was accomplished over a distance
of 3300 ‘feet without appreciable loss, serious thought
is being given at this station to installing one line ampli-
fier at the midway position in the event that the video,
trigger or positioning information weaken with aging
of the cable and /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 0O-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 proper 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° angle. Any frayed edges should be
trimmed.

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

TOP COVER PLATE GROOVE
—— SYMBOL (0-1342)

GARLOCK PACKING
SYMBOL (U=130T7)

FIGURE 1—Cross-sectional view showing Garlock Pack-
ing Ring properly installed with wide dimension
againsi bottom of groove in top cover plate.

RACK MOUNTING FOR TYPES AM-215/U
AND AM-215A/U AUDIO-FREQUENCY AMPLIFIER

The Long Beach Naval Shipyard has designed a rack
mounting for the Type AM-215/U a-f arnpliﬁer.
Figures 1 and 2 illustrate the Type AM-215/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-215A/U amplifier. The
front panel of the AM-215A /U amplifier will have to
extend about 3/ 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.

Frout view of AM=215/U amplifier in
rack mounting.

FIGURE 2.

Top view of AM-215/U amplifier in
rack mounting.

L)

|
FIGURE 3—Rack mounting de- g:\j

signed by the Long Beach Naval
Shipyard for Andio-Frequency
Amplifier AM-215/U.
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mounting is also readily adapita- \
ble for use with Audio-Frequency
Amplifier AM-215A4/U.
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THE SINGING PALM . . . YET

Sirs:

The December 1948 ELECTRON described a palm tree
at-Guam which was performing as a fairly good re-
cetver in emitting music from a local broadcast station.

The writer has known of a similar instance where
an ordinary house stove acted as a receiver. This was
believed 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
probably due to the burning of the wood, providing two
chemically dissimilar materials in contact such that im-
perfect but actual detection was taking place.

. The writer will read the next issue of ELECTRON with
{nteres't to ascertain the correct solution if the above
1s not:

RICHARD L. W ARRE
U.S.S. Eldorado (AGC-11), ARREN

Fleet Post Offce,
San Francisco, California.

Sirs:

In reference to the “Singing Palm” article in the
December 1948 ELECTRON, we have a theory that we be-
lieve might explain the above phenomenon.

As the wire burned into the palm, a carbon spot was
formed which, we believe, would at the point of contact
with the conductor, act as a non-linear impedance to
provide detection of the signal, much in the same man.
ner as different layers of rust or a cold solder joint
Assuming that the carbon was not uniformly packed.
there should be enough loosely packed carbon granule;
to vibrate with the changes of current through it therc‘lwsf

acting as a reproducer.
Jack D. Bowers, ET1

' WiLLiam H. DEWiTT, ET3
U.S.S. Passumpsic (AO-107), '

Fleet Post Office,
San Francisco, California.

Sirs:

RC', '.Thc singing Palm.” It's all very simple.  De-
modulation took place when the carbon (burned palm.-
‘rec variety) was in contact with the antenna wire itself,
produd Ing a coherer” effect.

The signal modulation coming through the antenna

was “'picked off”” the r-f carrier by this carbon-wire juxta-
position, and the antenna wire itself 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-
edges. If there is a strong enough signal present, the
rig will serve as a fairly efficient speaker.

While on the subject of weird rigs, ever try hooking
a PA mike amplifier into the primary of a transformer,
and then wiring up the transformer secondary into the
input of a ford coil (which has been souped up all
possible) ? Makes an A-1 plus transmitter—although
just a bit broad in band!

BiLL R, HArRMON, YNS2, USNR

Office of Assist. Elect. Officer
for Naval Reserve, Room 268,
Administration Building,
Long Beach Naval Shipyard,
Long Beach, California.

Last To

,,,,, ~ _TYE _f ffff_p[oa‘:h Month Date

practcs Ladings  ogss 183,765
Landings Under Instrument
Conditions A%5 6100

MOISTURE CONDENSATION
IN CEILOMETER (AN/GMQ-2)

A method for preventing moisture condensation in
AN/GMQ-2 ceilometers is given in a recent beneficial
suggestion. It was submitted by Floyd L. Rinehart,
Radio Mechanic (civilian), NATB, Pensacola, Fla.

During periods of high humidity, considerable mois-
ture was found to condense within the air lines and the
compressor cylinders. When the equipment was oper-
ated, the condensed moisture was forced through the
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.

The beneficial suggestion contains a remedy which
was found to work satisfactorily at the station. A type

R-F WATTMETER ME-I1,/U

One or more Model ME-11/U R-F Wattmeters are
on the allowance lists of all ships which have a Model
TDZ Radio Transmitting 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 1s
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 app]ication of this wattmeter is explained in detail
in the instruction book (NavShips 91118), which should
be referred to very carefully in order that the wattmeter
can be utilized to best advantage.

NEW GCA UNITS

A Navy contract for twelve groum'l control approach
units has been awarded to the Bendix Radio Division

of the Bendix Aviation Corporation.

The twelve new GCA units will be used as normal
replacement for Navy units which have been in use for
her of years in the United States and abroad. The
units, to be built at the Bendix plant in Baltimore,
Maryland, will cost $2,800,000.

First of the twelve new units to be built by Bendix
is scheduled for delivery in August this year with de-
livery of two per month thereafter.

a numi

HR101 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 114-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. It was found
that this heater was necessary only when excessive
humidity was encountered. It materially improved the
average life span of the mercury lamps, and prevented
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 regulation is maintained.

CORRECT ALIGNMENT
OF MODEL QHB SERIES
TRANSDUCERS

It has been reported to the Burcau of Ships that after
been taken, some Model QHB
en found locked off the correct
4 degrees. Accord-

beam  patterns have
series transducers have be
point of alignment by as much as 1
ingly, it is recommended that these transducers should
not be locked permanently into position until after 5

beam pattern 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
important statements which have become known as
Kirchhoff's laws. An understanding of Kirchhoff’s laws,
plus the ability to apply them in analyzing circuit con-
ditions, furnishes the student with a method that en-
ables him to solve circuit problems that are often im-
possible with just a knowledge of Ohm’s law.

Kirchhoff’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 cif-
cuit, there is as much current flowing away from the
point as there is flowing toward it.

2—The 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 gtraigzhtforward, for the first is self-
evident from the study of pamllel circuits and the second
thoroughly proven in connection \’f’lt‘h series circuits.
When properly applied, they pE’f[jflit setting up equa-
tions for any circuit and solving for any required cur-
rent, voltage or circuit component.

The two laws of Kirchhoff state in a general way the
relationships that must exist between cur-
ectrical circait. The first law

fundamental
Tents and voltages in any el
iS relative to currents and means that the sum of all the
Currents coming toward a junction of several conducting

E:EE,+-—-E, =0
i.* i;"'i.'* =l =0

branches in a closed electric circuit 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-
cuit 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.

~

FIGURE 1—Demonstrating the wvalidity of Kirchhoff's
frst law.

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

The total circuit current 1 flows from the negative
terminal of the battery toward the junction where the
current divides, part of it, I,, flowing through R, and

the remainder, I,, flowing through R,. The actual values
of I, and I, will be determined by the applied emf and
the values of R, and R, 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 I°R, therefore in
accordance with the law of the conservation of energy,
this may be stated:

EI—=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 E/R,
where R is the resistance represented by the parallel
branch R, and R,, therefore:

I=I,+1,

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—Demonstrating the validity of Kirchhoff's
second law.

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— __’%- ==0.01 amperes;

and by Kirchhoff’s second law:
E=—IR, + IR, + IR,
1.5 =251 4+ 50I 4 751

1.5
150

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 cit-
cuit, sources of emf represent a gain in voltage if they

I=

= 0.01 amperes.

tend to aid current flow and therefore are additive. Thus,
a complete circuit of figure 2 may be written:
— 25 — 501 —751 4+ 1.5=0
substituting the value of I, we obtain:
—0.25 —0.5—0.75 4+ 1.5=0
— 1.5 +15=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 circuit 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 Kirchhoff’s laws.
Complex circuits containing bridge networks of re-
sistances or those containing several sources of emf
become increasingly difficult of solution by Ohm'’s law
alone. These circuits are solved by simplification with
Kirchhoff’s laws, then obtaining the solution by Ohm'’s

law.

FIGURE 3—Network 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-

A3 Lo LSTY:
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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 Wheatstone bridge type are of a
more complicated nature and cannot be simplified as
easily.

Equivalent Star and Delta Circuits

A method of reducing complicated networks to
simpler equivalent circuits will be derived here. First,
the nomenclature of such type circuits. A delfa circuit
is shown in figure 4a, and consists of three resistance

FIGURE 4—Delta connection and 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 equivalent circuit, shown in figure 4b, is called
the star or Y, where the resistances are connected from a
center common junction to points A, B, and C.

If one of these circuits 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 figure 4a, the
resistance between points A and B is the parallel re-
sistance with R, with R, and Ry,

R, R +Ry)
Rys=Zg}, IR, + R,
similarly:
R, (R, + Ry)

R, (R:_ 3 R‘-'). and  Rpe= R +'R,r+'R.

AcT R,-rﬁ- R, + R,

Now, take the star or Y connection in figure 4b. The
resistance between points A and B is the series resistance
of R, and Ry

R

Ris=R.+ R,
similarly: Ryo=R, + R, and Ryc=R, + R,

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 circuits, the equivalent resistances between points
A and B, B and C, and C and A may be tabulated for
the two circuits.

Resistance Delta Sy
Between A and B 11:1 _giﬁ;f;‘% R, + R,
Between B and C —Rj _:_R1;2++Rﬁ1— R, + R,
Between C and A %RI% R. 4R,

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 formulas for such conver-
sions, the basic equations 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 R,, R, and R,, we
obtain:

. Ry Ry
"“K +R +K

o R, R,

TR, +R, + K,

W
* Ri+R,+R,

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 three legs of a delta.

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

R

R

Transformation of Star to Delta

The basic equations may also be solved simultaneously
in terms of the star resistances R,, R, and R, thus
Providing a means of converting from a star to its
cquivalcnt delta.

R, — RnRh + R?;Rx‘ +R4Ra
= LR, S A M. [z

R,
R — RR, +RR +RR,
) - Rn’l
R, — Ry + RR. + RR,

R,

Using this set of formulas, a conversion can be made
from a star connection to its equivalent delta connec-
tion having the resistances R,, R, and R;. 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 total 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.

Rp=1.67.00

FIGURE 5—Network simplification by wse of delta-star
COnRversion,

The resistances Ry, R, and R, of the bridge circuit in
figure 5a form a delta network that may be converted
into its equivn[ent star, R,, R, and R, as shown in figure
5b.

3x4
= =1ol
R, YT T m

4x5
'—_:7—7216
31415 7 ohms

X
T Bt §
The star connection, in conjunction with R, and R,,
forms a series-parallel network as shown in figure Sb.
This may be converted to a series circuit AD as follows:
_ R +R,) Ret Rs)
Ry + Ry) + (R + R,)
(1.67 + 2) (1.25 4+ 1)
(167 +2) + (125 + 1)
Ryp=1 + 1.3941 — 2.3941 ohms

b

=—1.25 ohms

R\D == Ru +

-2

Rip=1+

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. When
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 Kirchhoff’s laws 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
started until 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 laws a large
diagram of the network should be drawn, marking all
known values and polarities 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 Jeaves being
positive, The number of unknown currents may be re-
duced by assigning a direction to all but one of the
unknown currents at a junction, 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 that 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.

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

The bridge circuit in figure 6 is an excellent example

d31D1¥153y

€2 (Q3LO1Y1SFY




RESTRICTED

24 RESTRICTED

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—A pplication 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
purposely 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 applied to each junction, so that at
junction A, the current I flowing toward the junction
divides into I, flowing to junction B, and I, flowing
toward junction C. The current in branch BC is labeled
I, and the current in branch BD is expressed in terms
of 1, and I, so that the current in branch BD is I, — L,
As a means of check at this point, Kirchhoff’s first law
is applied to juaction D. (I, —L) + (I, + I,) =
I, + I,, 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 condition existing in an un-
balanced Wheatstone bridge.

Kirchhoff's second law is applied to the network and
sufficient equations are set up to 1r1c[u.de a.ll the unknown
currents. When proceeding in the direction of assumed
current flow, each resistance causes a potg#ial drop and
is subtractive; each source of emf IS. addxtlve i L€ gty
to aid current flow, but subtractive if it tends to oppose

the current flow.
Branch ABDEA
simp[iﬁed

Branch ABCDEA
i ""‘111 p— 51:! | (I,) -+ f:,,) + 1.5=0

41, —2 (L —L) +15=0
— 6, + 2, +15=0

simplified — 41, —1, —6l; 4 1.5=0
Branch ABCA — 4], —5I; 4+ 3,=0
Note that in branch ABCA the voltage drop across
the 3-ohm resistance is additive when going from C to A

in opposition to the assumed direction of current flow.
When the equations are solved for the values I, I, and

133
I, = 0.2558 amperes
I,=—03712 *“
[;==00176 *

The current I, 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 first law, the total current supplied by
the battery was found to be equal to I, + I,.

I=1, + [,=0.2558 + 0.3712=—0.627 amperes.

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

FIGURE 7—Circuits containing two sources of EMF.

1.5

=—0.627 = 2.392 ohms

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.

Circuits Containing 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, I, and I,. 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 I, and I, flowing from
that junction. Kirchhoff’s second law is used to set up
simultarieous equations containing all the unknown
values of current. Branch A to B, through the 8-volt
source to A:

— 0.3 —5I; +8=0
since I =1, + I,, this simplifies to:
—5.3], — 0.3, + 8=0

Branch A to 6-volt source to B to A:
—0.2I, — 6 + 51, =0
When the equations for the two branches are solved
simultaneously,

I, = 1.3281 amperes
I,=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 —0.31 —0.2I, —6=0
8 —0.3 (4.5306) —0.2 (3.2025) — 6=0
8 —7.99968 =0

therefore:

Circuits Containing Three Sources of EMF

Figure 8 shows a network that contains three sources
of emf. Kirchhoff's laws may be utilized in calculating
the magnitudes of the various currents and determining
the actual directions of current flow. The direction of

FiGure 8—Circuit containing three sources of EMF.

current flow in each branch is first assumed, and marked
by arrows each given a different designation. By Kirch-
hoff's first law, =1, + I, at junction A or B.

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

Circuit 1: —21L +44+6—02 (I, +1,) =0
—35L+54+6—02 (I; + 1) =0

The equations are simplified and solved simultane-
ously. ‘

Circuit 2:

I, =4.1086 amperes

I,=—27500 therefore, I = 6.8595 amperes.

The solutions obtained may be checked by substituting
them in place of the currents flowing in the entire outer
circuit, i.e., from 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(2.7509) + 5 —4 + 2.1(4.1086) — 0
—9.628 4+ 5 —4 4 8.628 =0
—13.628 4 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 duplicating
other branch 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
circuit 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. The examples used in this text were carried
out to four decimal places to permit closer comparisons
between several methods of solution.

QUESTIONS ON BASIC PHYSICS, Part 17

1—Given a star connection with R,==2.7 ohms,
R,—1.2 ohms and R, =4 ohms. Calculate the
equivalent delta branches.

2—What is the equivalent resistance of the bridge
circuit in figure Sa when R, is increased to 12
ohms?

3—Calculate the direction and magnitude of current
through the 5-volt battery in figure 8 when the
polarity of the 6-volt battery is reversed.

ANSWERS TO QUESTIONS, Part 16

1—0.092 ohms
2 —-Equn] to
3—Increased

!

i-—Ratio 1,/100, R, = 714 ohms.
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