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@ In real batteries the voltage between the two terminals is not actually
equal to the emf, &, of the battery.

o A real battery will have a small resistance due to its internal structure.
o Typically very small, around the order of r ~ 0.001 Q.

@ We can model this internal resistance as a resistor that will be in
series with the rest of the circuit.



Real battery and two resistors in series

For the next few questions consider the circuit below containing a real

battery with emf £ and internal resistance r. Beyond the battery, there are
two resistors with resistances Ry and R»
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A: Real battery and two resistors in series |V

Given these values, and our definition E =28V, =2A
of V =0 at point D, what is the r=23Q, R, =612
potential at point B? o
r
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Q: Real battery and two resistors in series V

What is the potential difference E =28V, =2A
Vi — Vcintermsof I, r, and Ry? r=23Q, R, =612
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A: Real battery and two resistors in series V

What is the potential difference
Va— Ve interms of I, r, and Ry?

VA—VC:/(r+R1):18V

This is a general result. Any number
of resistors in series behaves as a
single resistor of equivalent
resistance:
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Series and Parallel Resistors
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Series and Parallel Resistors

(a) (@) (©)

Which of the above circuits do not have any resistors in series or in
parallel?

Circuit (C) does not have any resistors in series or parallel.
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Kirchhoff's Rules

@ Junction Rule: At a junction in a circuit, the sum of the currents
flowing into the junction equals the sum of the currents flowing out of

the junction.
> k=0 (1)

junction
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Junction Rule

@ The total current that flows into a junction is equal to the total
current that flows out of a junction.
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Junction Rule

@ The total current that flows into a junction is equal to the total
current that flows out of a junction.

@ Since charge must be conserved, any charge that flows into a junction
must flow out.
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Loop Rule

@ The sum of all of the potential drops and rises around a closed loop is
equal to zero.
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Loop Rule

@ The sum of all of the potential drops and rises around a closed loop is
equal to zero.

@ Everywhere in the circuit we begin by assigning current directions.

@ We then chose a starting point and go around the loop adding all the
potential drops and rises.

@ We get a potential rise when

e Going from the negative terminal of a battery to the positive.
e Going over a resistor in the direction opposite of our defined current.

o We get a potential drop when
e Going from the positive terminal of a battery to the negative.
e Going over a resistor in the direction we have defined our current.
@ There are generally extra loops that are just combinations of the other
loops. These provide no additional information and can be ignored.
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Solving Problems with Kirchhoff's Rules

1. Draw the circuit diagram and label everything you know and don't
know.
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Solving Problems with Kirchhoff's Rules

1. Draw the circuit diagram and label everything you know and don't
know.

2. Randomly assign a direction for each of the unknown currents and
draw them on your diagram. If you get the direction wrong, you will
simply get a negative current.

3. ldentify each junction and apply the junction rule to each.

4. Count your unknowns and if you need more equations, define a loop.
Randomly chose a direction you will travel along your loop. Draw this
on your diagram.

5. Go around each loop in your assigned direction calculating the rises
and drops in potential as you go.

6. Repeat steps 4 and 5 until you have as many equations as unknowns
and solve.
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