
Home Work 2
Dr. Miri Electronics I

For all questions, use the midband hybrid-π model. Treat coupling and bypass capacitors as
shorts, DC supplies as AC ground, and neglect ro.

Problem 1
For the circuit below, β = 100, gm = 40 mS, RC = 3.3 kΩ, RL = 10 kΩ, RB = 100 kΩ, and
Rs = 1 kΩ. The emitter is at AC ground. Find the input resistance Ri looking into the base
network, the voltage gain Av = vo/vs, and the output resistance Ro with RL disconnected.
Draw the hybrid-π model used in your analysis.

Q1

RC = 3.3 kΩ

VCC

RL = 10 kΩ

vo

RB = 100 kΩ
Rs = 1 kΩ

vs

Final Answer: Ri ≈ 2.44 kΩ, Av ≈ −70.4, Ro = 3.3 kΩ.
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Problem 2
For the emitter follower below, β = 100, gm = 40 mS, RB = 100 kΩ, Rs = 1 kΩ, RE = 1 kΩ,
and RL = 4 kΩ. Find the input resistance Ri seen by the source after Rs, the voltage gain
Av = vo/vs, and the output resistance Ro with RL disconnected. Draw the hybrid-π model
and show the test source used to find Ro.

Q2

VCC

RB = 100 kΩ
Rs = 1 kΩ

vs

RE = 1 kΩ RL = 4 kΩ

vo

Final Answer: Ri ≈ 45.4 kΩ, Av ≈ 0.949, Ro ≈ 33.4 Ω.
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Problem 3
For the circuit below, VCC = 15 V, RB = 200 kΩ, RC = 1 kΩ, RL = 10 kΩ, and β = 100.
Take VBE = 0.7 V and VT = 25 mV. Find the DC collector current IC , the input resistance
Ri, the midband gain Av = vo/vs, and the output resistance Ro with RL disconnected.

Q3

RC = 1 kΩ

15 V

CO

RL = 10 kΩ

vo

RB = 200 kΩ

CI

vs

Final Answer: IC ≈ 7.15 mA, Ri ≈ 349 Ω, Av ≈ −260, Ro = 1 kΩ.
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Problem 4
For the circuit below, VCC = 12 V, R1 = 75 kΩ, R2 = 22 kΩ, RC = 2.2 kΩ, RE = 680 Ω,
RL = 10 kΩ, and β = 100. The emitter resistor is not bypassed. Take VBE = 0.7 V and
VT = 25 mV. Find IC , Ri, Av = vo/vs, and Ro with RL disconnected.

Q4

RC = 2.2 kΩ

12 V

CO

RL = 10 kΩ

vo

RE = 680 Ω

R1 = 75 kΩ

R2 = 22 kΩ
CI

vs

Final Answer: IC ≈ 2.36 mA, Ri ≈ 13.7 kΩ, Av ≈ −2.59, Ro = 2.2 kΩ.
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Problem 5
In the circuit of Fig. 5-31, VCC = 12 V, RC = 3 kΩ, RF 1 = 120 kΩ, RF 2 = 68 kΩ, and
β = 140. Take VBE = 0.7 V and VT = 25 mV. Find the input resistance Ri, output
resistance Ro, and midband voltage gain Av = vo/vi. Include the effect of the capacitor from
the feedback-network midpoint to ground.

β = 140

RC = 3 kΩ

12 V

CI

vi

120 kΩ 68 kΩ

CF

CO

vo

Fig. 5-31

Final Answer: Ri ≈ 1.34 kΩ, Ro ≈ 2.87 kΩ, Av ≈ −298.
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Problem 6
In the circuit of Fig. 5-32, VCC = 9 V, the two divider resistors are 20 kΩ each, the base-
series resistor and source resistance are 10 kΩ each, and RE = 2 kΩ. Let the transistor have
current gain β and small-signal parameters gm and rπ. Find Ri, Ro, and Av = vo/vs at
midband in terms of these parameters. Explain the role of C1 in the AC equivalent circuit.

Q6

9 V

10 kΩ

20 kΩ

20 kΩ

CI
Rs = 10 kΩ

vs

RE = 2 kΩ

vo

C1

Fig. 5-32

Final Answer: At midband, let R = rπ ∥ 10 kΩ and R′
L = 2 kΩ ∥ 20 kΩ ∥ 20 kΩ.

Then Ri = R+(1+gmR)R′
L, Av = Ri

Ri + 10 kΩ
(1 + gmR)R′

L

Ri

, and Ro = R′
L ∥ 10 kΩ + R

1 + gmR
.
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