
ECE 6416 Quiz 1
September 28, 2005

Professor Leach Name
Instructions. Print your name in the space above and at the top of all other pages in your
quiz. Place a box around each answer. Express each numerical answer as a decimal number.
Staple your formula sheet to the back of the quiz. Numerical values are 4kT0 = 1.6×10−20 J
and q = 1.6 × 10−19C. Honor Code: I have neither given nor received help on this quiz.
Initials
Formulas:

v2n = 4kT Re (Z)∆f i2n = 4kT Re (Y )∆f ω = 2πf j =
√−1

ZC =
1

jωC
ZL = jωL VnV ∗n = v2n InI∗n = i2n VnI∗n = γvnin

1. (a) Use the Thévenin noise model for each resistor to solve for the phasor noise voltage
Vn across the circuit shown. Express Vn as a function of Vt1 and Vt2.

Vn = Vt1
R2 + jωL+ 1/jωC

R1 +R2 + jωL+ 1/jωC
+ Vt2

R1
R1 +R2 + jωL+ 1/jωC

(b) Use the expression for Vn to obtain the mean-square noise voltage v2n in the band
∆f .

v2n = 4kT∆f
R1
£
R22 + (ωL− 1/ωC)2

¤
+R21R2

(R1 +R2)
2 + (ωL− 1/ωC)2

(c) For this problem, do you think it is simpler to use the Thévenin noise model of
each resistor or the generalized Nyquist formula to solve for v2n? Explain your logic. It
is more difficult to determine Re (Z) that |Z|2 for this problem.

2. The figure shows the circuit for calculating the open-circuit input voltage to a particu-
lar amplifier. The sources Vn and In, respectively, are the amplifier input noise voltage
and noise current. The complex correlation coefficient between these is γ. The source
Vt represents the thermal noise generated by the circuit to the left of Vt.
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(a) Solve for Vi(oc) as a function of Vs, Vt, Vn, and In.

Vi(oc) = Vs
R1

RS +R1 + 1/jωC
+ Vt + Vn + InR1k

µ
RS +

1

jωC

¶

(b) Write the equation for Vi(oc) in the form Vi(oc) = Av (Vs + Vni) and obtain the phasor
equation for the noise equivalent input voltage Vni in series with Vs that generates the
same noise as all noise sources in the circuit.

Vi(oc) = Av

·
Vs + (Vt + Vn)

µ
1 +

RS

R1
+

1

jωR1C

¶
+ In

µ
RS +

1

jωC

¶¸

Vni = (Vt + Vn)

µ
1 +

RS

R1
+

1

jωR1C

¶
+ In

µ
RS +

1

jωC

¶
(c) Solve for the expression for the mean-square value of Vt.

Zeq = R1k
µ
RS +

1

jωC

¶
= R1

1 + jωRSC

1 + jω (RS +R1)C

v2t = 4kT Re (Zeq)∆f = 4kTR1
1 + ω2RS (RS +R1)C

2

1 + [ω (RS +R1)C]
2 ∆f

(d) Solve for the expression for the mean-square value of Vni.

v2ni =
¡
v2t + v2n

¢ "µ
1 +

RS

R1

¶2
+

1

(ωR1C)
2

#
+ i2n

µ
R2S +

1

(ωC)2

¶
+2vninRe

·
γ

µ
1 +

RS

R1
+

1

jωR1C

¶µ
RS − 1

jωC

¶¸
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