
Exercise walk-through

13.5
Circuits with Resistors and
Inductors (LR Circuits)

AP Physics C: Electricity and Magnetism



Electromagnetic Induction

What we will cover

1 Magnetic flux

2 Faraday’s law and Lenz’s law

3 Induced currents and forces

4 Inductance

5 LR and LC circuits

N
push



Electromagnetic Induction
Flux & Faraday

The sliding rod on rails

L = 0.20m at 3.0m/s across 0.50T

ε = BLv = 0.50(0.20)(3.0) = 0.30V

The rod sliding on conducting rails, closed by
a resistor, is the setup every question is built
from: the growing loop area changes the flux.

Once a current flows, the field pushes
back on it (F⃗ =

∫
I d⃗l × B⃗), and by

Lenz’s law that force always resists the
motion that caused it. Push harder,
get more current, feel more drag – the
mechanical work is what becomes elec-
trical energy.

Faraday’s law is also the third of
Maxwell’s equations :
a changing magnetic flux creates a cir-
culating electric field.



Electromagnetic Induction
LR & LC

Exam tips

Compute flux ΦB =
∫

B⃗ · dA⃗ and get the induced EMF from Faraday’s law
ε = −dΦB

dt .
Use Lenz’s law (the minus sign) to fix the direction: the induced current opposes
the change in flux.
Flux changes three ways – changing B, changing area, or changing angle –
identify which and differentiate.
For a rod of length L moving at speed v, the motional EMF is BLv.
An inductor stores energy 1

2LI2 and resists changes in current (RL time constant
τ = L/R).



AP Physics C: Electricity and Magnetism

Exercises 2.1·2.32 Practice
2.1 Find the time constant of a 0.40 H inductor and a 20 Ω resistor. [2]

2.2 State the current in an LR circuit immediately after the switch closes. [1]

2.3 State the steady-state current for an emf of 12 V and R = 6.0 Ω. [1]

3 Exam-style questions
3.1 The time constant of an LR circuit is [1]

A RC

B L/R

C LR

D R/L

3.2 At t = 0 in an LR circuit, an inductor behaves like [1]

A a plain wire
B a break (no current)
C a battery
D a capacitor

3.3 An LR circuit has ε = 10 V, R = 5.0 Ω, and L = 0.25 H.

(a) Find the time constant. [2]

(b) Find the final (steady-state) current. [2]
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AP Physics C: Electricity and Magnetism
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Solutions
Each answer shows the steps, then the result.

2.1

• τ =
L

R
=

0.40

20
= 0.020 s

2.2

• zero (the inductor opposes the sudden change)

2.3

• I =
ε

R
=

12

6.0
= 2.0 A

3.1 B

• L/R.

3.2 B

• a break (no current).

3.3

(a)

• τ =
L

R
=

0.25

5.0
= 0.050 s

(b)

• I =
ε

R
=

10

5.0
= 2.0 A
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AP Physics C: Electricity and Magnetism
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Exercises 3.1·3.2
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AP Physics C: Electricity and Magnetism

Exercise 3.3 (a)

2 Practice
2.1 Find the time constant of a 0.40 H inductor and a 20 Ω resistor. [2]

2.2 State the current in an LR circuit immediately after the switch closes. [1]

2.3 State the steady-state current for an emf of 12 V and R = 6.0 Ω. [1]

3 Exam-style questions
3.1 The time constant of an LR circuit is [1]

A RC

B L/R

C LR

D R/L

3.2 At t = 0 in an LR circuit, an inductor behaves like [1]

A a plain wire
B a break (no current)
C a battery
D a capacitor

3.3 An LR circuit has ε = 10 V, R = 5.0 Ω, and L = 0.25 H.

(a) Find the time constant. [2]

(b) Find the final (steady-state) current. [2]

AP Physics C: Electricity and Magnetism • 13.5 Circuits with Resistors and Inductors (LR Circuits) 2

2 Practice
2.1 Find the time constant of a 0.40 H inductor and a 20 Ω resistor. [2]

2.2 State the current in an LR circuit immediately after the switch closes. [1]

2.3 State the steady-state current for an emf of 12 V and R = 6.0 Ω. [1]

3 Exam-style questions
3.1 The time constant of an LR circuit is [1]

A RC

B L/R

C LR

D R/L

3.2 At t = 0 in an LR circuit, an inductor behaves like [1]

A a plain wire
B a break (no current)
C a battery
D a capacitor

3.3 An LR circuit has ε = 10 V, R = 5.0 Ω, and L = 0.25 H.

(a) Find the time constant. [2]

(b) Find the final (steady-state) current. [2]

AP Physics C: Electricity and Magnetism • 13.5 Circuits with Resistors and Inductors (LR Circuits) 2



AP Physics C: Electricity and Magnetism

Exercise 3.3 (a)

2 Practice
2.1 Find the time constant of a 0.40 H inductor and a 20 Ω resistor. [2]

2.2 State the current in an LR circuit immediately after the switch closes. [1]

2.3 State the steady-state current for an emf of 12 V and R = 6.0 Ω. [1]

3 Exam-style questions
3.1 The time constant of an LR circuit is [1]

A RC

B L/R

C LR

D R/L

3.2 At t = 0 in an LR circuit, an inductor behaves like [1]

A a plain wire
B a break (no current)
C a battery
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Solutions
Each answer shows the steps, then the result.

2.1

• τ =
L

R
=

0.40

20
= 0.020 s

2.2

• zero (the inductor opposes the sudden change)

2.3

• I =
ε

R
=

12

6.0
= 2.0 A

3.1 B

• L/R.

3.2 B

• a break (no current).

3.3

(a)

• τ =
L

R
=

0.25

5.0
= 0.050 s

(b)

• I =
ε

R
=

10

5.0
= 2.0 A
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AP Physics C: Electricity and Magnetism

Exercise 3.3 (b)

2 Practice
2.1 Find the time constant of a 0.40 H inductor and a 20 Ω resistor. [2]

2.2 State the current in an LR circuit immediately after the switch closes. [1]

2.3 State the steady-state current for an emf of 12 V and R = 6.0 Ω. [1]

3 Exam-style questions
3.1 The time constant of an LR circuit is [1]

A RC

B L/R

C LR

D R/L

3.2 At t = 0 in an LR circuit, an inductor behaves like [1]

A a plain wire
B a break (no current)
C a battery
D a capacitor

3.3 An LR circuit has ε = 10 V, R = 5.0 Ω, and L = 0.25 H.

(a) Find the time constant. [2]

(b) Find the final (steady-state) current. [2]
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AP Physics C: Electricity and Magnetism

Exercise 3.3 (b)

2 Practice
2.1 Find the time constant of a 0.40 H inductor and a 20 Ω resistor. [2]

2.2 State the current in an LR circuit immediately after the switch closes. [1]

2.3 State the steady-state current for an emf of 12 V and R = 6.0 Ω. [1]

3 Exam-style questions
3.1 The time constant of an LR circuit is [1]

A RC

B L/R

C LR

D R/L

3.2 At t = 0 in an LR circuit, an inductor behaves like [1]

A a plain wire
B a break (no current)
C a battery
D a capacitor

3.3 An LR circuit has ε = 10 V, R = 5.0 Ω, and L = 0.25 H.

(a) Find the time constant. [2]

(b) Find the final (steady-state) current. [2]
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2 Practice
2.1 Find the time constant of a 0.40 H inductor and a 20 Ω resistor. [2]

2.2 State the current in an LR circuit immediately after the switch closes. [1]

2.3 State the steady-state current for an emf of 12 V and R = 6.0 Ω. [1]

3 Exam-style questions
3.1 The time constant of an LR circuit is [1]

A RC

B L/R

C LR

D R/L

3.2 At t = 0 in an LR circuit, an inductor behaves like [1]

A a plain wire
B a break (no current)
C a battery
D a capacitor

3.3 An LR circuit has ε = 10 V, R = 5.0 Ω, and L = 0.25 H.
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Solutions
Each answer shows the steps, then the result.

2.1

• τ =
L

R
=

0.40

20
= 0.020 s

2.2

• zero (the inductor opposes the sudden change)

2.3

• I =
ε

R
=

12

6.0
= 2.0 A

3.1 B

• L/R.

3.2 B

• a break (no current).

3.3

(a)

• τ =
L

R
=

0.25

5.0
= 0.050 s

(b)

• I =
ε

R
=

10

5.0
= 2.0 A
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