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Final Exam for Physics 4051, Fall 2008 
50 points - closed book – calculators allowed - show your work – 3 hours 

 
 
 
1) (12 Points) Please answer the questions below.  Read the questions carefully! Some 
require more than one answer! 
 

a) You need to amplify a sensor’s small output voltage.  When selecting an amplifier 
for the job, what should (ideally) its input impedance be? What should be its ideal 
output impedance?  A: input impedance: large; output impedance: small 

 
b) What is the function of a blocking capacitor; specifically what type of (voltage) 

signal does it block? A: DC voltage 
 

c) An unwanted signal at 60 Hz must be reduced by a factor of 64.  If we use a 6 dB 
/ octave, also known as a 20 dB / decade, RC filter, to what frequency must we go 
to reach the factor of 64 reduction in the 60 Hz signal?  (There are two answers, 
pick only one.)  A: 3840 Hz or .94 Hz 

 
d) Draw the type of RC filter that allows you to differentiate a signal?  Would you 

set the filter’s f-3dB frequency above, below or at the frequency of the input signal, 
fsignal, to observe its differentiated output?  A: Highpass Filter with f-3dB >> fsignal. 

 
e) An op-amp follower circuit exhibits unit gain.  In other words, when connected to 

a sensor, the follower’s output signal will be identical to its input voltage.  So why 
would you use it?  Specifically, list two important benefits that the op-amp 
follower provides.  A: impedance transformation, i.e., will provide large input 
impedance and small output impedance. 

 
f) You used an instrumentation op-amp to build a strain gage circuit.  The 

instrumentation op-amp was used because it provides a large differential gain and 
a large common mode rejection ratio, CMRR.  How do you measure these gains?  
Draw the circuit for measuring the differential gain and the circuit for measuring 
the CMRR using an AC voltage source.  (In your drawing, you may substitute the 
instrumentation op-amp with a difference amplifier circuit.)  A: in differential 
mode, signal source is connected to one input and the other is grounded; in 
CMRR measurement, both op-amp inputs are tied together and to the signal 
source. 
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g) Name at least 3 good reasons why or what you may want to use the PWM (pulse 
width modulation) technique for?  A: energy saving, DC-DC conversion, A2D 
converter, DC to AC conversion, can provide large power with suitable switch 
and voltage source, voltage to frequency conversion. 

 
  
h) When describing a particular analog to digital converter, or digital to analog 

converter, aside from its operating range, which are the two most important 
parameters of its characteristics or performance?  A: resolution and conversion 
speed. 

 
i) Assume that you want to convert a voltage signal from one type of voltage to 

another type.  What circuit, circuit element or technique would be the most 
suitable, i.e., simplest for the task: 
• Large DC voltage to a smaller DC voltage. A: resistive voltage divider 
• Small AC voltage to a larger AC voltage. A: transformer 
• Large AC voltage to a small AC voltage. A: transformer or resistive voltage 

divider 
• AC voltage to DC voltage. A: rectifier 
• DC voltage to AC voltage. A: PWM technique 
 

j) What simple digital logic circuit element allows us to change the frequency of a 
signal by a factor of 2?  (Note: simple does not mean some sort of PWM 
techniques.) A: Flip Flop 

 
k) Write down the Boolean expression for DeMorgan’s theorem.  Answer: (A+B)! = 

A! B!  (You could also state (AB)! = A! + B!, either is ok.) 
 

l) What is a parity encoder?  Specifically, can you draw one and why or where 
would it be used and what for?  A: it used for error detection in (serial) data 
transmissions; can be constructed by daisy chaining XOR gates together. 

 
 
 
 
 
 
2)  (6 Points) The circuit in Figure 1 is a 
Wheatstone bridge which can be used to measure 
small differences in resistances. 
 
a)  Calculate V+ and V- (with respect to point A) 
in terms of Vin and the given resistances.  A: V- = 
Vin R  / (2 R + δR); V+ = Vin /2 
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b)  Calculate Vout(R, δR), where Vout = V+ - V-.  
A: Vout = Vin /2-  Vin R  / (2 R + δR); 
 
 
c)   Show that Vout(R, δR) =   δR Vin /  4R when δR << R.  A: use Taylor expansion… 
 
d)  Calculate the Thévenin equivalent resistance for Vout assuming that δR = 0.  A: RTh = 
R. 
 
 
3)  (6 Points) The op-amps circuits below all use ideal op-amps powered by Vcc = +12 V 
and VEE = - 12V.  (Ideal means: infinite input impedance, infinite open loop gain, very 
low output impedance and finite output voltages.) 
 
Calculate Vout for each circuit with Vin = +3V for all circuits. 
 

 
 
 
A: 2a: VEE; 2b: VEE; 2c: +6V; 2d: VEE; 2e: VEE. 
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4) (6 Points)  
For the circuit in Figure 3a, assume that the 74LS193 (used in the frequency counter lab) 
4-bit binary counter’s TTL output 
voltages are exactly:  LO = 0 V, HI = 5 
V and that it is configured to count 
continuously. 
  
a) What is Vout when all the counter 
outputs Q0, Q1, Q2 and Q3 are HI? 
A: -7.5V 
 
b) What is ⏐ΔV⏐, absolute value of the 
change in Vout for a “typical” one-bit 
change?  Ignore the case when the 
counter outputs switches from all HI to all LO. 
A: 0.5V 
 
c) From the information above, draw Vout vs. t for two periods of the output signal.  
Clearly label all voltages and times involved.  (If you were not able to calculate all parts, 
at least try to draw a qualitative picture.)  A: at each clock cycle, counter counts down 
and Vout increases by 0.5V until it reaches 0 V; at the next clock cycle, it will start over 
at -7.5 V again and then increases by 0.5 V at each clock cycle, etc. 
 
 
5) (5 Points) Shown below is a Verilog interpretation of the Pseudo Random Noise 
generator from H&H page 656.  Determine the value for the output “rand” (in decimal 
representation) for the next three clock cycles.  For partial credits, please show your work!  
For partial credits, please show your work! 
 
module RandGenerator( clk_in, rand); 
 parameter MAXBITS = 4; 
 parameter n = 3; 
 input clk_in; 
 output reg [MAXBITS-1:0] rand= 5; 
  
 always@( posedge clk_in) begin 
  rand <= {rand[0]^rand[MAXBITS-n], rand[MAXBITS-1:1]}; 
 end 
endmodule 
 
Answer: rand -> 5, 10, 13, 14, 15… 
 
6) (7 Points) 
Write a complete ANSI C console* function that calculates the GPA for a number of 
courses taken:  
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Your function must have three arguments.  The first argument points to an array 
containing the number of credits for each course taken; the number of credits are stored 
as integers.  The second argument points to an array that lists the corresponding grade for 
each course taken; the grades are already entered as a number of type double and do not 
need to be converted from a letter grade. The last argument contains the total number of 
courses taken and is an integer.  Once your function has calculated the GPA it will return 
the result through the function itself, i.e., with a return statement. 
 
Note: Do not write a complete C-program; only provide the function and its prototype 
that will fulfill above requirements. You may call your function anything except “main.”  
You are not allowed to use or rely on global variables in your function though you may 
use as many or as few additional local variables as you consider necessary.  In your 
function, do not include any input or output statements such as scanf or printf or any 
include files.  You will be graded on program logic and syntax mistakes. 
 
Console* means you must not include a LabWindows Graphical User Interface (GUI) or 
any (callback) function for it. 
 
Answer: 
double AveGPA(int* credits, double * grade, int courses); 
 
double AveGPA(int* credits, double * grade, int courses) 
 { 
 int i; 
 double sum_credits = 0; 
 double sum_creditsgrades = 0; 
  
 for( i = 0; i < courses; i++) { 
  sum_creditsgrades += credits[i]*grade[i]; 
  sum_credits += credits[i]; 
  } 
  
 return sum_creditsgrades / sum_credits;  
  
 } 
 
 
7) (8 Points) A voltage E sin(ω0t), where t represents time and E is the amplitude, is 
passed through a so called half-wave rectifier that clips the negative part of the wave. The 
signal is defined as follow: 
 
f(t) = 0    if -π/ω0 ≤ t < 0 
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f(t) = E sin(ω0t)   if 0 ≤ t < π/ω0 
f(t + 2π/ω0) = f(t) 
ω0 = 2πf0. 
 
The following trigonometric could be useful: 
cos(a+b) = cos(a)cos(b) – sin(a)sin(b) 
cos(a-b) = cos(a)cos(b) + sin(a)sin(b) 
sin(a+b) = sin(a)cos(b) + cos(a)sin(b) 
sin(a-b) = sin(a)cos(b) - cos(a)sin(b) 
 

a) Represent f(t) on a graph from t = -2T to t = +2T. Answer: f(t) flat between T/2 
and T and positive sinusoid between 0 and T/2. 

b) Draw a simple half-wave rectifier circuit. Answer: a voltage source in series 
with the diode forward biased and a resistance load. 

c) Give the general theoretical expression of the Fourier series expansion of an 
infinite periodic function f(t). Answer: look at course notes. 

d) Give the general theoretical expression of the coefficients a0, an and bn. What does 
a0 mean? Answer: look at course notes. 

e) Calculate the Fourier coefficient a0 for the voltage wave. Answer: E/π. 
f) Calculate the Fourier coefficient a1 for the voltage wave. Answer: 0. 
g) Calculate the Fourier coefficients an for n ≥ 2 as a function of n, E, π. What are 

the values of an when n is odd? Answer: E/π (1-(-1)n-1)/(n2-1), zero when odd. 
h) Draw the frequency spectrum an as a function of ω/ω0 up to n = 5. Answer: a0 = 

E/π, a1 = 0, a2 = 2E/3π, a3 = 0, a4 = 2E/15π, a5 = 0. 
 
 


