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ENGR4300

Fall 2005

Test 3

Name______SOLUTIONS__________________

Section________________________

Question 1 (25 points)___________

Question 2 (25 points) ___________

Question 3 (25 points)___________

Question 4 (25 points)___________

Total (100 points): ______________

Please do not write on the crib sheets.

On all questions: SHOW ALL WORK. BEGIN WITH FORMULAS, THEN SUBSTITUTE VALUES AND UNITS.  No credit will be given for numbers that appear without justification.

Question 1 – Astable Multivibrator (25 points)
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The multivibrator above was built with the 555 timer chip shown.  In the diagram, Vs is the source voltage, Vc is the voltage across the capacitor C1, and VD is the voltage at the discharge pin of the timer.  You have access to a 12VDC battery to power your timer and you want to use it to control motor speed by building a PWM motor controller (disregard the fact that you can’t directly drive much of a motor with the 555 output).  To achieve the speed you want, the PWM signal must have a duty cycle of 75%.  You’ve decided the PWM frequency should be 2kHz to achieve sufficiently smooth speed regulation for your application.

1) Draw the waveform you need at Vout given the requirements above and label zero volts, max voltage (give the number on the axis), and label the time axis (again giving numbers and units).  Show THREE periods of the signal. (2 pt)
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2) What is the required ON time of the multivibrator. (1 pt)

75% * 0.5ms = .375ms

3) What is the required OFF time of the multivibrator. (1 pt)

25% * 0.5ms = .125ms  (or could have used 0.5ms – 0.375ms on time = off time)

4) You only have a 2.2uF capacitor available but many resistors to select from, so find R1 & R2 that will achieve the desired on and off times. (4 pt)

Toff = 0.693*R2*C1; R2 = Toff/(.693*C1) = .125ms / (.693*2.2uF) = 81.99 ohm

Ton = 0.693*(R1+R2)*C1; R1 = Ton/(.693*C1) – R2 = 163.98 ohm

R1: 163.98 ohm

R2: 81.99 ohm

5) Using the equation for astable multivibrator frequency provided on the crib sheet, confirm that the operating frequency of your device is correct. (2 pt)

f = 1.44 / (R1 + 2*R2)*C1 = 1.44/(163.98+2*81.99)*2.2uF = 1.996kHz ~= 2kHz

6) In theory, what are the maximum and minimum voltages that should be observed across capacitor C1 while the circuit is functioning? (Give numbers and units please, ignore initial startup conditions at the time power is first applied to the circuit) (2 pt)

Max = 2/3*Vcc = 8V; Min = 1/3*Vcc = 4V

7) When the transistor inside the 555 timer is closed, the output at pin 7 is grounded, and therefore, equal to zero.  When the transistor is open, the voltage at pin 7 can be found using the voltage divider formed by R1 and R2.  Find an expression for the voltage at pin 7 (when pin 7 is not grounded) in terms of the voltage across the capacitor, Vc, the source voltage, Vs, and the two resistors R1 and R2. [Hint: Recall how you calculate the voltage at the non-inverting input for a Schmitt trigger.]  Do not substitute values. (4 pt)

Voltage divider sits on top of capacitor voltage, so we use voltage difference across two resistors to figure out voltage drop across bottom resistor and then add back whatever voltage is on the capacitor:

Vr2 (voltage drop across R2) = Vr12 (voltage drop across both resistors) * R2/(R1+R2);

Voltage drop across both resistors also = Vs - Vc

Vpin7 = Vc + Vr2 = Vc + (Vs-Vc)*R2/(R1+R2)

8) Use the equation in 7) to find the maximum and minimum voltage that is ever possible at pin 7 when the transistor is open. (2 pt) [Hint: assume that the capacitor is completely discharged when power is first applied to your circuit.]

Voltage is zero (or Vce ~0.2V when transistor is closed [on]), but we’re asking about open.  Depending on where cap C1 is in charge cycle, it is at extremes found in part 6.

Vc_min = 4V; Vc_max = 8V from part 6.

Vpin7= Vc + (Vs-Vc)*R2/(R1+R2), so 

Vpin7_min = Vc_min + (Vs-Vc_min)*R2/(R1+R2) = 4V + (12-4)* 82/(82+164)=6.67V

Vpin7_max = Vc_max + (Vs-Vc_max)*R2/(R1+R2), = 8V +(12-8)*82/(82+164)=9.33V

9) On the graph below (for a different 555 astable multivibrator circuit) identify the outputs at pins (2 & 6), 7 and 3 of the multivibrator. Identify both parts of the cycle for each.  (5 pt)
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10) You’ve primarily used two types of capacitors in the studio: electrolytic and ceramic disc, each shown below:

Ceramic Disc: 





Electrolytic:
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Which are polarized (e.g. has a + and – lead)? (1 pt)

a. neither

b. ceramic disc

c. electrolytic – has negative stripe down one side, different lead lengths give this away

d. both

11)Which type of capacitor is suitable for use as C1 with our 555 circuit above? (1pt)

a. neither

b. ceramic disc

c. electrolytic

d. both – either type works, we select based on capacitance, as electrolytics are generally of larger capacitance than ceramic discs.

 Question 2 – Combinational Logic Circuits (25 points)

Circuits that perform binary addition are part of every microcontroller you may ever use.  Adding binary numbers is very similar to adding decimal numbers in that if the sum of one column exceeds the value that can be represented by that column, a value is carried to the subsequent column.  For example:

A decimal example:
A [different] binary example, showing how carry propagates:
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1) What is the decimal value of  the binary numbers in our example (show the formula then compute the answer): (3 pts)  [Hint: conversion formula is on the crib sheet.]

1110: 1*2^3 + 1*2^2 + 1*2^1 + 0*2^0 = 14; remember x^0 = 1, so 2^0=1

0111: 0*2^3 + 1*2^2 + 1*2^1 + 1*2^0 = 7

10101: 1*2^4 + 0*2^3 + 1*2^2 + 0*2^1 + 1*2^0 =  21

We implement one bit worth of addition using a binary full adder with inputs carry in (Cin), the numbers A and B, and generate a sum (S) and carry out (Cout) as outputs.   For example, with carrys boxed as illustrated above:
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Given the following circuit:
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2) Determine the truth table for this circuit, and include values at intermediate points D-H (14 pts)

	Cin
	B
	A
	D
	E
	F
	G
	H
	S
	Cout
	Cout S decimal value
	# of ones on Cin, B, and A

	0
	0
	0
	 0
	 0
	 0
	0 
	0 
	0 
	0 
	0
	0

	0
	0
	1
	 1
	 0
	 0
	 1
	 0
	 1
	 0
	1
	1

	0
	1
	0
	 1
	 0
	 0
	 1
	 0
	 1
	 0
	1
	1

	0
	1
	1
	 0
	 1
	 0
	 0
	 0
	 0
	 1
	2
	2

	1
	0
	0
	 0
	 0
	 1
	 0
	 0
	 1
	 0
	1
	1

	1
	0
	1
	 1
	 0
	 0
	 0
	 1
	 0
	 1
	2
	2

	1
	1
	0
	 1
	 0
	 0
	 0
	 1
	 0
	 1
	2
	2

	1
	1
	1
	 0
	 1
	 1
	 0
	 0
	 1
	 1
	3
	3


Solution in Timing Diagram Format (not that this was requested)
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3) Based on your truth table, does the circuit shown function as a binary full adder.  If so, how do you know?  If not, identify (by gate name) the single gate that much be changed to a different gate to make it function correctly.  (2 pts)

Yes, because the binary result in Cout and S[um] match the number of 1’s added on  Cin, A, and B (see augmented table) above.

4) Write the Boolean expression that describes the logic in “Box #1” using Cin and D as inputs, and generating an output S.  (4 pts)

S = !D*Cin + D*!Cin  (note ! prefix often used to denote NOT, same as bar above term)

5) Which rule(s) of Boolean algebra given on the crib sheet can be used to show that the logic in Box #1 could be simplified to a single XOR gate (2 pt)

A xor B = !AB+A!B

6) We’ve talked about the use of bypass capacitors when working with digital logic chips.  Which answer below best describes where they should be located and why we use them (1 point):

a. Place one or more between digital logic inputs and ground to smooth the sharp transients of digital switching signals that could otherwise corrupt proper chip operation.

b. Place one or more in series with logic power (Vcc) where it enters the protoboard to filter noise coming from the power supply.

c. Place one or more in parallel with Vcc and ground at each chip to filter noise.

d. Place only one between Vcc and high speed logic chip outputs to suppress output oscillation (e.g. ringing).

7) What was the recommended range of bypass capacitor values given for the TTL logic family used in the studio: (1 point)

a. 0.1pF – 0.5pF

d. 0.1uF – 10uF

b. 0.01nF – 0.1nF

e. 10uF – 100uF

c. 0.01uF – 0.1uF
Question 3 – Sequential Logic Gates (25 points)

The following circuit is composed of a J-K flip flop (U4B), a four bit counter (U3A), and some miscellaneous logic gates you should recognize.
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1) On which edge of the clock does a J-K flip flop change output states and how do you know this from the circuit schematic given above? (2 points)

Falling, the circle at pin 9 tells us this.

2) From your knowledge of working with the 74393 counter in the studio, which output is the most significant bit (worth 2^3 in a binary number formed from the four bits generated by the counter)?  Circle one.  (2 points) 

QA
QB
QC
QD (QD changes least frequently in the lab, also note position of D in the formula for binary numbers as a give away – worth 2^3 rather than 2^0.)

3) Complete the truth table below to find U2A:Y in terms of A_out, B_out, and C_out.  (3 points)

	A_out
	B_out
	C_out
	U2A:Y

	0
	0
	0
	 1

	0
	0
	1
	 1

	0
	1
	0
	 1

	0
	1
	1
	 1

	1
	0
	0
	 1

	1
	0
	1
	 0

	1
	1
	0
	 1

	1
	1
	1
	 1


4) Based on this truth table and other connections to our J-K flip-flop, how will J-K flip-flop output Q behave when this device is clocked while A_out is false? (2 pt)

Assuming J is high during normal operation, A_out false makes K high, so it toggles.
5) On the timing diagram below, complete traces for U4B:K, U4B:Q, and A_out, B_out, C_out, and D_out. (12 points)  [Hint: Feel free to add additional traces below these if it helps you.]
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6) We take the output of this circuit and use it as the input to the transistor circuit shown below:
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Fill in the following table for all possible values of A_out and B_out. (2 pt)

	A_out
	B_out
	Vout

	0V
	0V
	5V

	0V
	5V
	5V

	5V
	0V
	5V

	5V
	5V
	0V (or 0.4V due to Vce=.2V each, still a logic low)


7) What kind of gate is this? (circle one) (1pt)

AND          OR          NOT          NAND          NOR          XOR

8) Label the power (Vcc) and ground pins on the 7404 IC chip you worked with below (1 point):
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ANSWER ( only care about GND and VCC labeling):
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Question 4 – Switching Circuits (25 points)
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Note: In this circuit, we approximate the voltage drop across an LED by using 3 diodes in series (3 x 0.7 drop each = 2.1V).  You may treat diode combinations D1,D2,&D3 and D4,D5,&D6 each as LED’s and assume a 2.1V forward drop across each when they are conducting.  Assume the op amp is ideal.

1) In the circuit shown, circle the model of a Schmitt trigger. (1 pt)
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2) What is the reference voltage of the Schmitt trigger model? (1 pt)

2Vdc

3) If the op-amp is putting out its maximum voltage at C, what is the voltage at point B, the non-inverting input to the op-amp? (3 pt)

VCmax = 8V; VCmin = -10V (see power supply voltages, assume ideal op amp)

VBmax = (VCmax-2V)(R4/R4+R3) + 2V = (8-2V)/(5k/25k) + 2V= 3.2V

(e.g. voltage divider of difference across the voltage divider, shifted back by the reference voltage)

4) If the op-amp is putting out is minimum voltage at point C, what is the voltage at point B, the non-inverting input to the op-amp? (3 pt)

by same formula and logic: Vbmin = (-10-2)/(5/25)+2V = -0.4V 

5) On the following plot, the input at point A is shown.

        a) Mark the upper and lower thresholds of the hysteresis (2 pt), and

draw horizontal line or make y-axis tick marks and label 3.2V and –0.4V.

        b) sketch and label the output at points B, C, D and E for the input shown. (12 pt)

see p-spice plot following, waveforms B,C,D,E are in order following input signal (markers are different).

Many of the signals will overlap.  Use the PSpice labeling convention to identify the signals by drawing unique symbols on important parts of each trace.  Note that the input has a little box.  Use the following: B = +   C = (   D = (  and   E = (.
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Only the magnitude of Vd required any additional calculation:

3 series diodes drop 2.1V when forward biased.  Find current flowing when transistor is off by: (9V-2.1V)/(R5 + R6) = I, Then find voltage drop across R6 by V=IR, to find voltage at VD, add voltage across R6 to voltage across diodes (2.1V given) = 4.84V.  When transistor is ON, VD = Vce=0.2V (often idealized =0 in this class).   Since the op amp was assumed to be ideal in the problem statement, VC should swing +8V and –10V based on the supply voltages to the chip.

6)  Are the LEDs on or off at the following times? (3 pt)

	time
	LED1
	LED2

	0.7ms
	off
	on

	1.2ms
	on
	on

	1600us
	off
	on


7) IC chips have a standard numbering convention that you should now know.  Label pins #1-8 on the IC below.  (HINT: It doesn’t matter what the chip’s function is – just label #1, #2, …).  (1 pt)
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upper left =1, lower left = 4, lower right = 5, upper right = 8, etc.

8) Our circuit could drive a relay instead of the LED model shown.  The following pin-out was given for the relay used in the lab:   [image: image21.png]28




Which contact pins will be connected when the coil is energized?  (1 point)

Pins 2 & 7.  Coil is shown between 11 & 12, and common pin 7 is connected to pin 1 (N.C. connection) when coil is not energized.
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