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ENGR-4300 Test 3B

Question I — Astable Multivibrator (20 points)

Spring 2007

The 555 timer circuit shown is found to have an output frequency of 25Hz and a duty cycle of

80% (4/5).

1. (6pt) For C1 = 0.1uF, find R1 and R2.
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2. (5pt) Sketch the voltage waveform on pin 2 (which is tied to pin 6). Note the scales on the x
and y axes. Start the plot at the time when C1 is charged }0 itstaxirrﬁum voltage.
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3. (4pt) If the value of C1 is halved and Vce doubled, what are the new frequency and duty cycle

of the output waveform on pin 3?
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ENGR-4300 Test 3B Spring 2007

Question I — Astable Multivibrator (continued)

4. (4pt) Given a C1 and available resistor values of 1k, 10k, 100k, and 500k, what values of R1
and R2 will produce the highest duty cycle?

Do bckrs (R (usmmlel | _RIsRL
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5. (1pt) What is the duty cycle in 4.7
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ENGR-4300 Test 3B Spring 2007
Question II — Combinational Logic Circuits (20 points)
: U1A
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1. (6pt) Fill in columns D — G in the table below for the circuit above.
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2. (4pt) Evaluate the expression H={A'BH+ C and fill in column H in the table above.

H=0 For c=| 4 P=8B=|

3. (5pt) Find the Boolean expression for G the circuit in 1 in terms of A, B, & C (not necessary to
simplify). e |

G = AB +Ac +BC [6=D+E+F |

4. (3pt) Draw the logic circuit for the expression in 2.

A

D

5. (2pt) @o FALSE: (circle one) The circuit in 1. is functionally equivalent to that in 4.

40f10



ENGR-4300 Test 3B Spring 2007

Question III — Sequential Logic Circuits (20 points)

In the circuit below, DSTM3 provides an initial reset pulse to the flip flops (top trace). The
ccunter-ane flip flops all trigger on the falling edge of the clock (2" trace).
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1. (2pt each) Fill in the timing diagram with the signals indicated.
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Time

2. (2pt) How would the Q outputs in 1. change if the reset pulse remained low for the duration (10us)?
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Question III — Sequential Logic Circuits (continued)

3. (4pt) A 1Hz clock is fed into pin A of a 4-bit counter whose initial state is unknown. After 5s a
1ms clear pulse is applied. What is the state (QD QC QB QA) of the counter after 10 seconds?
a) 0000 b) 1010 ¢) 0101 d)1111 e) Can’t be determined

Wouth <CounNT  TO gg—s‘*:jsmgi

4. (6pt) Determine if the following circuit may be used as a flip flop. Analyze it by filling in the
table. Assuming that X and Y will be logical complements, for which AB input combination(s)

does the circuit not work properly?

AB =00 CAUses A PROBLEM
X7y

U4A
A ! oy X init A B | Xfinal | Y final
2 0 0 0 ] [ &
7400 0 0 1 | O
0 1 0 O g
. UaB 0 1 1 O |
. il v I 0 o | | [ =
7400 1 0 1 é 0
1 1 0 ") i
1 1 1 g O
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Question IV — Switching Circuits (20 points)

é R4
R2 1k

1k
B R3 Q2| C

A R1 ) B E Vdo=—

V1 Q1
1Va

Ovde

=0
1. (6pt) For the switching transistor circuit above, fill in the voltages in the table.

A B C

oV q V]l 0OV
0.5V 9V oV
v ov| 9V

2. (2pt) For which value(s) of voltage at A in the table will the current through R4 be minimized?

Miwv ForR Q2 BasE Low (Q1 OFF 0R c:epewe*@)

Sh= LU

I

3. (2pt) What is the maximum current that will flow through R1 when A =1V?

T: ~\i‘/=/-- = :ZV”&';?V = .,..»—-0'31’/ = 03?‘“}?
- R1 1k 1h —
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ENGR-4300 Test 3B

Question IV — Switching Circuits (continued)

Spring 2007

4. (7pt) For the relay circuit below, the periodic pulse has an amplitude of 5V, a rise & fall time
of 1ms, and the coil has a resistance of 30Q. Identify the waveforms of points A, B, C, D & E in
the plots. NOTE: one of the waveforms is missing from the plots. You are to add it into the top

plot and label it.
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5. (3pt) If the relay coil requires a minimum of 100mA for activation, what is the largest value

R2 can have?

-V L A
R::.__%__, RZ%Q{’G;L“ I RZ‘ 0.1 30 ;" é{)gﬂ;
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Question V — Comparators and Schmitt Triggers (20 points)

1. (9pt) For the following input-output curves, circle all that exhibit hysteresis and cross out the
functions that can’t be implemented with a single op-amp circuit. (Some may be both.)

Vout

»>Vin

Comp.

Vout

»>Vin

Schmitt
Trig.

Offset
Inv.
Amp

»>Vin

Inv.
Comp.

»>Vin

(Inv.)
Schmitt
Trig.

(Inv. Offset)
Schmitt
Trig.

Schmitt
Trig.

(Inv. Offset)

(Offset)
Schmitt
Trig.

OK to

But can
be done

OK to

But can
be done

2. (2ptr FALSE: (circle one) Schmitt Triggers that include an offset reference voltage
can have a high threshold voltage > 0V while the low threshold voltage < 0V.
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Question V — Comparators and Schmitt Triggers (continued)

3. (6pt) Given the circuit below, find the input voltage switch points for the Schmitt Trigger and
the width of the hysteresis band (include units). Note that the supply voltages in the circuit are
flipped when compared to the crib sheet drawing.

=0 +2V - "(””‘\} -0~ \)*?Z
,r/“i")(*rzhz v saw= (753 )00 |
Ve dien = (143 / = ..Li{-(-»/z),%z:*l\f

= —*;f 0 + 2 :*ZV

7
v+ high = tZy vtlow=__ — i \/ Hysteresis Band = 3 \/

4. (3pt) If the input triangle wave to the circuit in 3. has an amplitude of 5Vp-p, what offset must
be added to it to obtain a square wave on pin 6 with a 50% duty cycle that switches between
-10V and +2V?

Vour Center OF YYSTERESIS BAND
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/
", Trignote whvE NEEDS 0.5/ oFFseT
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