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Midterm #2 Solutions— EECS 145L Fall 2001

Technica requirements of aground fault interrupter circuit:

(i) open both current carrying power conductors (hot and neutral) when the the difference in their
currents exceeds 5 mA

(i) provide areset button

(iii) provide atest button

[5 points off for describing the circuit breaker]

[1 points off each for missing the reset or test features]

How the ground fault interrupter circuit functions:

(i) the difference in currentsis converted into a 60 Hz voltage using a differential transformer
(i) thisvoltageis rectified and amplified

(i) the resulting dc voltage trips two relays which hold both conductors open until reset

(iv) the test button sends a5 mA current through differential transformer

[1 point off for no test button]

Since Ro/( Ri+ Ro) = R3/( Rr+ R3), R2 = R3, and Rt = 10 kQ at 20°C the solution is R; = 10 kQ.
P = V12/R= (0.5 volts)2/(10 kQ) = 25 pw
Amplifier output of 0.05 volts means a bridge output V+—V_ = 0.01 volts. Using the bridge

equation (supplied on the equation sheets), we have RT = (10000 Q)* (10000 Q — 0.01*20,000
Q)/(10000 Q + 0.01* 20,000 Q)=9608 Q

[1 point off for not dividing by the amplifier gain]

[3 points off for assuming alinear response from 0 °C and 0 Q to 20 °C and 10 kQ]
T=20°C + (9608 Q — 10000 Q)/(-=300 Q/C°) = 21.3°C

V1 =1-10000 Q /(10000 Q + 9608 Q) = 0.490 volts

P = (0.490 volts)%/(9608 Q) = 24.99 W (25 uwW was accepted for full credit)
Dissipation coefficient = 25 uwW/(21.3°C — 20°C) = 19 pw/°C

Tail Rudder

i

page 1 S. Derenzo



3b

3c

3d
3e

Midterm #2 Solutions— EECS 145L Fall 2001

[3 poi nts_ off if bridge is drawn but gauges are reversed]

vie_Re Ry _(R*AR)-(R+ARy)
" Ro+Ry Ro+Ry  2R+ARo +ARy
_ AMRp/R-DARN IR 200L/L _ 10QML/L

2+ARp/ R+ARN IR 242000QAL/ L)? 1+10,00QAL/ L)?
[acommon error was to write down the bridge equation and then plug in termslike
Rp = Ro(100 AL/L + 10,000 (AL/L)2) ]
For Vs = 1 volt, bridge sensitivity is0.1 mV per pstrain
The Johnson noise in asingle 10 kQ resistor is given by
Vims = 1.29 x 1010 VQ-V2 Hz V2 5yrt(10 kQ 16 HZ) = 1.29 x 10-10x 400 V = 5.16 x 108 V

The bias and ground points are a a fixed voltage, so the Johnson noise in two of the resistors
adds a Johnson noise voltage in quadrature to V— and the Johnson noise in the other two resistors
adds a Johnson noise in quadrature to V+. (Note that the bridge equation describes how externa
average voltages are distributed to produce V—and V+)

— 2 2 — 2 2
Vorms =\ Vs * Vins Varms =y Vins* Vine

The Johnson noisein Vg = V4 — V_isgiven by adding the noise of the individual components in
quadrature:

Vor ms = \/V+2r mst V—2r s :\/4\/\% ms =2V ne

Thisis0.103 pV rms, which corresponds to AL/L = 109 rms.

[2 points off for giving the rms equivalent strain due to the Johnson noise in only one resistor]
[3 points off for giving the rms voltage noise from one resistor but not relating it to rms strain]

[4 points off for writing down the Johnson noise eguation and using it improperly or
incompletely]
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145L midterm #2 undergraduate grade distribution:

Problem 31-40

1 13.0 (20 max) 41-50 1 D

2 34.9 (40 max) 51-60 1 C

3 29.6 (40 max) 61-70 3 B-

total 77.4 (100 max) 71-80 8 B
81-90 4 A
91-100 3 A+
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