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P4.10D Discriminate between voltage, resistance, and current as they apply to an electric circuit.

P4.10i Compare the energy used in one day by common household appliances (e.g., refrigerator, lamps, hair dryer, toaster,
televisions, music players).

P4.10j Explain the difference between electric power and electric energy as used in bills from an electric company.
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ltems;

1- Kirchhoff’s Voltage Law (Loop Rule)
2- Kirchhoff’s Current Law (Junction Rule)



Conservation of Electrical Energy

Conservation of Energy:
As electrons move through an electric circuit, they gain energy in sources and
lose energy in loads, but the total energy gained in one trip through a circuit is

equal to the total energy lost.

Conservation of charge:
Electric charge is neither created nor lost in an electric circuit, nor does it

accumulate at any point in the circuit.



Kirchhoff’s Laws of Electric Circuits

There are many circuits in which more than one device is connected to a voltage
(electric potential) source. The two major types are:

a) Series circuits

b) Parallel circuits.

Gustav Robert Kirchhoff is a German Physicis (1824 - 1887). He described the
conservation of energy and conservation of charges in terms of quantities easily
measurable in electric circuits leading to what is known now as Kirchhoff’s
Voltage Law (KVL) and Kirchhoff’s Current Law (KCL).



Kirchhoff’s Voltage Law (Loop Rule)
Around any complete path through an electric circuit (closed circuit loop), the
sum of the increases in electric potential is equal to the sum of the decreases in

electric potential. Therefore,the sum over all of the changes in potential is zero.

Kirchhoff’s Voltage Law
V=Vi+V2+Vs3+etc

Example 1: Closed Circuit Loop

Potential rises = Potential drops
12V=10V+2V



Kirchhoff’s Current Law (Junction Rule)
At any junction point in an electric circuit (l), the total electric current into the
junction is equal to the total electric current out of the junction.

Kirchhoff’s Current Law

=11 + >+ I3 + etc

Example 2: Junction Point in Electric Circuit

S5A

7 A

sum of into currents = sum of currents out
7A =2A+5A



Strategy in Applying Kirchhoff’s Rules:

1- Draw the current in each branch of the circuit. Choose any direction. If your
choice is incorrect, the value obtained for the current will turn out to be a negative

number.
2- Mark each resistor with a + at one end and a - at the other end in a way that is
consistent with your choice for the current direction in step 1. For batteries,

the signs will be the usual + for higher potential and — for lower potential.

3- Apply the junction rule and the loop rule to the circuit and obtain independent

equations.

4- Solve these equations simultaneously for the unknown variables.



Example 3: Kirchhoff’'s Loop Rule: Current in a Circuit;
Determine the current (/) in the circuit. The circuit has two resistors R (12 Q, 8 Q)

12 O 6.0V

Al we

The current is moving in a clockwise loop.
Ohm’s Law: V=IR

According to Kirchhoff’s Loop rule:
Potential rises = Potential drops

24 =6.0+(Ix12) + (I x 8)
24 -6=1x20

18 = Ix 20
[=18/20=0.90 A



Example 4: A Car’s Headlight;

A car’s headlight is connected to the battery which is charged by the alternator as
shown in the figure and circuit diagram. Different currents pass through the
headlight, battery and alternator.
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Kirchhoff’s loop rule can be applied to the loops ABEF and BCDE In the
clockwise direction.
Kirchhoff’s current rule can be applied to junction B (/a + Is = In).



Meadhghts

r,=0.100Q r,=00102 R, =120

amooa | z ' Apply the Junction rule at B:
w2 U8 — ~ Apply the Loop rule for ABEF and BCDE
o e wmsv . Inthe clockwise direction:
2+1,r
ABEF: 14-I,r,+1,r,-12=0 =[,=—2%% Eq.2
s
12-1,r,
BcoE: 12-I,r,-I,R, =0 =1,=—2F1% Eq. 3
R,
Put Eq. 2 and Eq. 3 into Eq. 1, solve for /;. Then use Eq. 2 and Eq. 3to get /, and /,;:
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