Chapter 27
Direct Current Circuit
27.1 Electromotive Force (emf)

Here, we will consider only circuits that are in a steady state, meaning that the
currents in the circuit remain constant in both magnitude and direction. A current
that is constant in direction is called direct current (DC). We will study alternating
current (AC), in which the current changes direction periodically, in Chapter 32.

A constant current can be maintained in a closed circuit through the use of a source
of emf, (such as a battery or generator) that produces an electric field and thus may
cause charges to move around a circuit.

The emf describes the work done per unit charge, and hence the SI unit of emf is the
volt.

The electromotive force is defined as the maximum voltage produced by the
energy source.
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In the figure above, assume that the connecting wires have no resistance.

» The positive terminal of the battery is at a higher potential than the negative
terminal. If we neglect the internal resistance of the battery, the potential



difference across it (called the terminal voltage) equals its electromotive
force (emf).

» However, because a real battery always has some internal resistance (7), the
terminal voltage is not equal to the electromotive force (emf) for a battery in
a circuit with current.
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In the figure in front, as we pass from the negative R ‘i
terminal to the positive terminal, the potential ]T if
increases by an amount ¢. R
AN

As we move through the resistance r, the potential
decreases by an amount Ir, where I is the current
in the circuit.

AV=¢-Ir  (27-1)

€. 1s equivalent to the open-circuit voltage—that
1s, the terminal voltage when the current is zero.

The emf'is the voltage labeled on a battery,... .

The terminal voltage V must equal the potential difference across the external
resistance R, often called the load resistance.

The resistor represents a load on the battery because the battery must supply
energy to operate the device. The potential difference across the load resistance is

AV =1R (27-2)
e=IR+Ir=1I(R+r) (27-3)
- (Rj-r)

The total power output /e of the battery is delivered to the external load resistance
in the amount I?R and to the internal resistance in the amount I?R.

le = I?R + I?*r



Example-1:

A battery has an emf of 12.0 V and an internal resistance of 0.050 Q. Its terminals
are connected to a load resistance of 3.00 Q.
(A) Find the current in the circuit and the terminal voltage of the battery.
(B) Calculate the power delivered to the load resistor, the power delivered to the
internal resistance of the battery, and the power delivered by the battery.

Solution:
Given: £=12.0V, internal resistance r = 0.050 Q, load resistance R = 3.00 Q.

(a) Current and Terminal Voltage
Total resistance: Ry = R +1=3.00 + 0.050 = 3.050 Q.

Current: [=¢/(R +1)=12.0/3.05=3.934 A=~ 393 A.

Terminal voltage: Viermina =€ —11r=12.0 —(3.934 x 0.050) = 11.803 V= 11.80 V.

(b) Power
Power in load resistor: Pr = IR = (3.934)? x 3.00 =46.439 W = 46.44 W.

Power in internal resistance: Pr = I’r = (3.934)? x 0.050=0.774 W = 0.77 W.

Power delivered by the battery: Ppar. =€ 1=12.0 X 3.934 =47213 W =4721 W.

Exampl-2:

A battery has an emf of 15.0 V. The battery terminal voltage is 11.6 V when
delivering 20.0 W to an external load resistor R. (a) What is the value of R? (b) What
is the internal resistance of the battery?

Solution: rETTTTT !
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(a) Load resistance R 7 I| Wy —
Power delivered to the load is Pr = (AV)?/ R, where AV is the terminal L J ;
voltage across the load. II 1
R
Thus, R = (AV)?/Pr = (11.6 V)?/ (20.0 W) = 6.728 Q= 6.73 Q. d AN .

(b) Internal resistance r
First, the current in the circuitis I= AV /R.

[=11.6V/6.728Q=1.724 A=1.72 A.
The terminal relationis AV=g—1r = r=(e¢—AV)/L

r=(15.0-11.6) V/1.724 A=1972 Q= 1.97 Q.



Example-3

A battery has an emf of 18 V and an internal resistance r. If a current of 3.0 A passes
through a load resistor R = 5.5 Q, what is the value of the internal resistance r of the
battery?

A)05Q B)0Q C)6Q D)33Q

Solution
Given: e=18 V,R=5.5Q,1=3.0 A, internal resistance = r (unknown).

Total resistance in the circuit is given by Ohm’s law using the emf:
Rioa=€/1=18/3.0=6.0 Q.

Since R and r are in series: Ry =R +1 = 1=Rioc1 —R=6.0-5.5=0.5Q.
-~ The internal resistance of the battery is r = 0.5 Q. (Choice A)

Check

Voltage across the load: VR =1 xR=3.0x55=16.5V.
Voltage lost internally: V,=I1xr=3.0x0.5=1.5V.
Vr+V,=165+15=180V=¢
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