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SHOW ALL WORK ON THESE PAGES- If necessary, write on reverse side
PROBLEM 1  (40 points)

In 20-50 words, describe the electrical operation of the following circuits:
1a.  (10 points) Isolation amplifier (electromagnetic or optical- you choose)

1b. (10 points) Ground Fault Interrupter
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SHOW ALL WORK ON THESE PAGES- If necessary, write on reverse side

1c. (10 points) Thermistor

1d. (10 points) Bimetallic temperature switch
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SHOW ALL WORK ON THESE PAGES- If necessary, write on reverse side
PROBLEM 2  (35 points)
Design a system for converting sunlight into electrical energy stored in a battery.
Assume the following:
• You have 100 large-area photodiodes, to be connected in series.
• You have a clever battery charger circuit (which you do not have to design) whose effective

input resistance automatically adjusts to different light levels to extract the largest electrical
power from the photodiodes. The batteries are part of this circuit.

• The I-V characteristic of each solar cell is shown in the figure below:
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2a. (10 points) Sketch a block diagram of your design. Include and label all essential
components and signals.
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SHOW ALL WORK ON THESE PAGES- If necessary, write on reverse side
2b. (5 points) Describe briefly how the photodiode converts the energy of a photon into
electrical energy.

2c.  (10 points) On a cloudy day, what is the approximate input to the battery charger circuit in
terms of voltage, current, and power? (show your work) (Hint: I = P/V is a curve of constant
power)

2d.  (10 points) Under full sunlight, what is the approximate input to the battery charger circuit in
terms of voltage, current, and power? (show your work)

PROBLEM 3  (60 points)

You have designed an electronic circuit that works fine on the bench, but fails miserably in an
aircraft during test flights. Thinking that the temperature variations between 0°C and 40°C during
the flights might be responsible for the failure, you go back to the lab and test your circuit at
different temperatures. To your surprise, you find that your circuit can only operate between 15°C
and 25°C.

Your next task is to design a temperature control system for your circuit, which can be
operated on an aircraft in flight.
Assume the following:
• You have decided to mount the circuit in a small, thermally insulated box
• Since your circuit is small, you have decided to use a solid-state thermoelectric (Peltier) heat

pump, rather than a larger, heavier mechanical heat pump (motor plus compressor).
• There is ample electrical power on the aircraft to operate your temperature control system

Design requirements:

• The temperature in the insulated box is to be kept within 15°C to 25°C, despite external
temperature variations from 10°C to 40°C.

• The above temperature must be maintained during flights lasting 18 hours.

December 18, 1996 page 5 S. Derenzo



EECS 145L Final Examination NAME (please print)                                                               

SHOW ALL WORK ON THESE PAGES- If necessary, write on reverse side
You should only need components and concepts covered in EECS145L. Your designs will be
graded on the basis of
• Meeting the design requirements
• Sufficient detail so that a skilled technician could build your design.
• Avoidance of unnecessary complexity (keep it simple)
3a. (40 points) Sketch a block diagram of your design. Include and label all essential components

and signals.
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SHOW ALL WORK ON THESE PAGES- If necessary, write on reverse side

3b. (10 points) Describe the operation of your system when the temperature outside the box is
0°C. Provide enough detail to convince the other members of your design team that your
design will work at 0°C.

3c. (10 points) Describe the operation of your system when the temperature outside the box is
40°C. Provide enough detail to convince the other members of your design team that your
design will work at 40°C.

PROBLEM 4  (65 points)

Design a system for recording the electrocardiogram of a human subject in a doctor’s office.
Assume the following:

• You will use two Ag(AgCl) skin electrodes placed on the arms for the electrocardiogram
signal and a third placed on a leg to serve as a “ground” electrode.

• The desired differential electrocardiogram signal has an amplitude of 1 mV (peak-to-peak)
and is in the frequency range from 100 Hz to 5,000 Hz.

• The wires from the skin electrodes to your circuit are 1 meter long. The 60 Hz interference on
the two arm electrodes are 100 mV (peak-to-peak) common mode and 10 mV (peak-to-peak)
differential.

• Electrode drift is approximately 1mV (peak-to-peak) below 1 Hz and can be ignored at higher
frequencies.

• For safety, you will use an electromagnetic isolation amplifier, which has a single (not
differential) analog input and a fixed gain of 100.
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SHOW ALL WORK ON THESE PAGES- If necessary, write on reverse side
• The output of the isolation amplifier contains 100 mV (peak-to-peak) of 300 kHz carrier

wave
• The output of your circuit will be connected to the analog input of a microcomputer with a

12-bit A/D converter sampling at 20 kHz and a –5V to +5V analog input range. At this point,
a 1 mV peak-to-peak electrocardiogram signal should be 5 V peak-to-peak and the sum of all
other backgrounds should be <1% of the signal.

• You can use any other components and concepts covered in EECS145L

4a. (45 points) Sketch a block diagram of your design. Include and label all essential components
and signals. In your diagram, indicate typical voltage levels of signals and backgrounds.
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SHOW ALL WORK ON THESE PAGES- If necessary, write on reverse side

4b.  (10 points) Plot the output of your circuit as a function of frequency assuming that no analog
filtering is used.
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4c.  (10 points) Plot the output of your circuit as a function of frequency after the analog filtering
that you have designed to meet the design requirements..
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Equations, some of which you may need:

R(T) = R(T0 )exp β 1
T − 1

T0( ) 
  

 
  I = I0 e−kLC Vrms = B D1G( )2 + D0( )2[ ]

V(t) = V0 sin(ωt) ω= 2πf V0 = A(V+ − V−)

G = 1

1+ f / fc( )2n
tan

φ
n

 
   

  = f
fc

fc = 1
2πRC

G =
f / fc( )n

1+ f / fc( )2n
E =

F / A

∆L/ L
ID = IS eVD / VT − 1( ) + IP

x = e−α t Acos(ωt) + Bsin(ωt)[ ] = Re−α t cos(ωt +δ ) V = q / C

v = v0 + at x = x0 + v0 t + 0.5 at2 (constant a) g = 10 m s–2

Irms = 2qI (F2 − F1) q = 1.60 x 10–19 Coulombs

Vrms = 4kTR (F2 − F1) k = 1.38 x 10–23 Volt2 sec ohm–1 °K–1

RT = R3
Vb R1 − V0( R1 + R2)
Vb R2 + V0 (R1 + R2 ) V0 = G±(V+ − V−) + Gc(V+ + V−)2

N(x) = N(0)e−xµ “CMRR” = G±
Gc

“CMR” = 20log10
G±
Gc

 
  

 
  

R =ρA / L
∆R
R

= Gs
∆L
L

V0 = Vb Gs
∆L
L

 
   

  ∆x = ∆V
dV / dx

VT = VBE2 −VBE1 = kT
q

ln
I1

I2

 
  

 
  k / q = 86.17 µV/K

PR = σAT4 σ = 5.6696 × 10−8 Wm−2 K4

E = hc / λ hc = 1240 eV ⋅ nm λmax = (2.8978 ×106 nm K)/ T

η= Tn+2 − Tn +1

Tn+1 − Tn
Tequ = Tn+1 + Tn+2 − Tn+1

1−η T = T2 − (T2 − T1) e−t / τ

Q = πI + I 2R /2 + Kp(Ts − T0)+ Ka(Ta − T0 ) Tequ =
πI + I2 R /2 + KpTs + KaTa

Kp + Ka

µ ≈ a = 1
m ai

i=1

m

∑ σa
2 = 1

m−1 ai − a ( )2
i=1

m

∑ σ
a 

= σa

m

σ f = ∂f
∂a1

 
  

 
  

2

σa1
2 + ∂f

∂a2

 
  

 
  

2

σa2
2 + + ∂ f

∂an

 
  

 
  

2

σan
2

Johnson noise = 129 µV for 1 MHz and 1 MΩ
Iron+Constantan - 52.6 µV/°C W+W(Rh) - 16.0 µV/°C
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