CHAPTER 8.

CIRCUITS

8.1 Seriesresistance

Two resstors arranged o that the current passes firgt through one, and then the other, are said
tobein series
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For each resstor we have
=IR, and V, = IR,

and by accounting for the energy used in the dircuit we have
V=V +V, =IR +IR,

The effect of these two seriesresstorsisto act asasingle larger resstor called R.. Just as
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we can aso have R=T7*7
sothat R=R+R (8.1
This cadculaion enables us to replace any two or more resstorsin series, by asngle resstor
equd to the sum of the resstors found in series without dlanging the current in the circuit.
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The two circuits shown above are equwd ent.




8.2 Paralld resistance

Two resstors arranged o that afraction of the current can pass through ether one or the other,
aesadtobein paralld.

For eech resistor we have
V=R =LR,
and because of charge conservation we dso have
=1, +1;
Now if we consider these two resistors to be equivaent to one pardlel resstor R, then we can
write
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or RR, R R (8.2
which can be dso written as

R = RR

R+R, . (8.3

If we have three or moreresstors dl in pardld we can il use
1 1 1 1 1
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So that the four resstorsin the following diagram act asasngle padld ressor R,
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The two drcuits shown above are equivaent.
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8.3 Voltage divison

When a current flows through two series resstors an intermediate voltage gppears between the
two resgtors, thus the totd voltage across both resistors can be broken down to provide a
smdler voltage.
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For the above crcuit fragment
V=1(R+R)
so that
V= IR ==y
R+R (8.43)
and
e - R
V, = IR, = \Y
R+R, (8.4b)

8.4 Current divison

When a current flows through two pardld resstors, arranged sde by Sde asin the circuit
below, the current bregks into two smdler currents that flow through each of the two resistors,
thusthetota current in the arcuit is broken into two smdler currents.

I

o that

v
R R+R (8.53)

v
R, R*R, (8.5h)
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85 Voltmeters

A voltmeter is an indrument with two conducting probes that can be used to touch two pointsin
adircuit and meaaure the voltage or potentid difference between those points.

voltmeter
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In the diagram avoltmeter VV is used to messure the potential acrossaresstor R, theleadsfrom
the meter are shown touching the conducting wire on ether Sde of the resstor which ispart of a
closed circuit, a current | flows through the resstor. The voltmeter itsdf has an internd
resstance R, and is aso characterised by amaximum current |, that can flow through the meter
before it becomes damaged or over loaded. The letters "fd"
gand for "full scale deflection” of the meter. The corresponding voltage thet the meter will
meesure a full scae deflection is

Viss = lsaRa-
The purpose of avoltmeter isto measure voltage, not current, for this reason voltmeters have
high interndl resstances R, A typica value would be about 1 W or 1 MW,

Sometimes the full scale deflection of avoltmeter istoo smdl to dlow the messurement of a
larger voltage, this Stuation can be remedied by using the voltage divison principle of equations
(8.4).

For the above diagram these equations give
vy,
R, +R
If R + R, draw current from the circuit then the voltmeter has disturbed the circuit that isbeing
messured, thisisthe reason that R, + R, >> R The circuit shown above endbles oneto use a
voltmeter to measure higher voltages above the full scale range of the valtmeter. The extra
resstor R iscdled ashunt resgtor.
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86 Ammees

A amp-meter isabbreviated to ammeter and these are indruments must be inserted into acircuit
to measure the current thet flowsin adrcuit branch.

atntneter

Inthe diagram an anmeter A is used to measure the current | flowing dong awire. Thesgn of
eech ammeter termind are usudly indicated on the ammeter, (redis+ and black
IS-). Theammeter must have avery low internd resstance R, sothét it does not in itslf
impede the flow of current or develop aback em.f.. Again the meter is characterised by a
maximum current |, that can flow through the meter before it becomes damaged or over
loaded.
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If we are required to measure a current greater than |, we may do so usng apardld shunt
resstor that enables the excess current to pass around rather than through the ammeter.

armmeter

The gtuation in the above diagram is described by equations (8.5).
R

| = I
" R+R
and
= Rn |
© R+R

If R << R, then the greater current will flow through R, thus protecting the meter from
overloading or burning out.
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