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ENGR4300 Test 3A Fall 2006

Question 1 — Astable Multivibrator (20 points)

T Vv
9Vdc—l—_
Ra =
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Rb | TRIGGER 3 Use the circuit shown on the left to answer
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11k g CONTROL rg parts a), b) and c) of this question.
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a) What is the off time of the 555 timer? Include units. (2pt)

. . . = . 1Cn S
Top, * 0.693-n)-ct .

b) What is the period of the output pulse? Include units (2pts)
Ton * 06V (Katty)ed = 0.5 !
1.16A/Hr ~ Lt hHe
| T =1 N

o = - _L LN
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3
/
/7\ ¢) The graph above is the voltage signal as a function of time at one or more pin(s) of the 555 timer

used in the circuit shown. Which pin(s)? Label the horizontal scale and the vertical scale, include
units. Assume that the left most point is an arbitrarily set to a time of zero and give times relative to

that.(6pt) V,
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ENGR4300 Test 3A Fall 2006

Question 1 — Astable Multivibrator (continued)

Vi
, 9\/dc_'—l=~
L I
: § Rc -0 o K L ,L /
| ' A b €& ™S
o ox i LED1 . - / /
) 0 p & wad
Rog RSB, e 2
U . . .
2 conTrOL Rd Use this circuit to answer parts d) and e)
7] THRESHOLD
! DISCHARGE
Q
. | S%eD LED2
= cCt
T o2 ; " O wl\og ‘3u/‘/ul‘ ' 4*5‘4
L
=0

d) Circle True or False for each of the following statements: (4pts)

Regardless of the value of Ra, Rb, and C1, LED1 will be on t:%r\ a larger
i 1 .
fraction of a cycle than LED2 47; " ol ; — Py

Assuming that Ra and Rb are equal in value and C1 is charging, then the
current through Ra is equal to the current through Rb. )

alurt\'j 54&?7' 'Ipﬁ : II?L

e) If C1 =0.1uF, find values for Ra and Rb that result in an output frequency of 100hz and a on time

of 7.5ms. (6pts)
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ENGR4300

Test 3A&B

Fall 2006

Question 2 — Combinational Logic Circuits (20 points)

A 1IN

| 7404

u1B

7404

U2A

7408

G

F

U3A

SR

U5A

o C

7400

a) Complete the table below for the circuit above. (6 pts)

A B F G C S
0 0 1 1 1 0
0 1 0 0 1 1
1 0 0 0 1 1
1 1 0 0 0 1

b) What type of gate is output S above, if any? (circle one) (1 pt)

AND NAND NOR XOR NOT None of the others.

¢) A logic circuit similar to that in a) (but NOT the same) has the following truth table. Combining
CS as a 2-bit binary number, fill in the decimal value in the table. (4 pts)

A B C S CS as Decimal Number
0 0 0 0 0
0 1 0 1 1
1 0 0 1 1
1 1 1 0 2

d) If A and B are treated as binary number inputs, what ARITHMATIC operation is being
performed in creating the output CS? (4 pts)

ADDITION
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ENGR4300 Test 3A&B Fall 2006

Question 2 — Combinational Logic Circuits (continued)

e) Of the basic 2-input logic gates, which could be used for the ARITHMATIC multiply operation
of 1-bit binary numbers A and B. (4 pts)

AND

f) Show that the multiply and logic operations are equivalent by filling in the table below. The
symbol ‘ @’ represents the logic operation chosen in ). (1 pt)

A B | AxB Ae¢B
0 0 0 0
0 1 0 0
1 0 0 0
1 1 1 1
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Question 3 — Sequential Logic Circuits (20 points)

In the circuit below, the timing traces at nodes A and B are displayed. You don’t need to worry
about the details of the clocks. Assume that node X starts low. Plot the time trace for nodes X and
Y 4n ¥

OF.FTI ME = 0.1u8, 55 N @3;’5

DELAY = > O e
@
i

ONTIME = 5m :
STARTVAL = 1 9
OPPVAL = 0 A

I 4

X Y
g {

-

OFFTIME = 1uSysTva o U3A

ONTIME = 1u8
DELAY = 4uS
STARTVAL =0
OPPVAL =1

7402

B - U3B
STARTVAL = 0 \V\A 7402 X ¢ gg g ‘é‘g} }ggw Lf § ;fn» ;§
A\ V g

OPPVAL = 1 .
a) Fill in the timing diagram with the sigialsifidicated. (8 pt) % v5
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Question 3 — Sequential Logic Circuits (continued)
OFFTIME = 3u$

ONTIME = 4uS ¢ USA
DELAY = 1.2sud@—T——| 1,
STARTVAL = 0

OPPVAL = 1 v 12 ard

=0 CLK _

OFFTIME = 3uS .
ONTIME = 4uS

DELAY = 3,250 T L2> 2 ﬁ f /’.
STARTVAL = 0 v V] b B {11 ?
OPPVAL = 1

OFFTIME = .5uS ﬁ f ﬁ'
ONTIME = .5u8 Zock ] &ive
DELAY =

4.9y eé av;i S ok {;(

€aé4

STARTVAL = 0 v
OPPVAL = 1

DELAY =.1u8 & \
e v
b) Clock pulses are applied to a J-K flip-flop as shown above. Below is a timing diagram for the

input signals. Assume that the flip-flop starts with Q low and Qbar high. Plot the timing trace for
Q and Qbar. (8 pt)

Clocgﬁ Lfl b o B l :
1
Teh law
Q
g
Qbar oﬂ
? ’ﬁ ?‘ f 1 // T low 1
T Ay :‘;34 To kbl E ‘:’i";‘{ ke bl Thh
g Al ¥ Ve ¢ o
}‘, };:& “2Y 4":")&' q’?-@ g!«qwé 7El

Time

¢) A 4-bit counter is cleared and then receives a string of clock pulses. (4 pt)
What are QA, QB, QC and QD after 5 clock pulses? Clearly indicate the state of each signal, don’t
just 1i me 1/s and 0s witho it sfating which is QA, which is QB, ...

,‘&ofj Qe L (;)D 20 ﬁ) f =0
What are QA, QB, Qé and QD after a total of 16 clogpulses‘?

e |
QP E;OC/QE QA f
0o {f ol o/ o
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ENGR4300 Test 3A Fall 2006

Question 4 — Switching Circuits (20 points)

.lv2
S5Vde =" R3
1k

T
]
OVout
Ra Q1 Rb Q2
va ﬁ——{; vb '__l 1k K
T T

b) Complete the table for the circuit shown. (4 pt)

Va Vb Vout
ov ov

&V
ov 2V

oV
2V ov @ v
2V 2V 4 v
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Question 4 — Switching Circuits (continued)

10Vdc —EZ_. ]

L Vout
R6 Q3
ve o—fvw——g
1k

% Vgzo V=20
= /? Ok ‘éﬁ_é?‘h G ot aléf/c/‘x

¢) Redraw the circuit above using the transistor switch model for the case when VA=0V, VB=0V
a’%i VC=10V. (4 pt) g1

1k
9k
RS Qs
VA VB
1k

é?e{ ‘ léﬁ" i
@ é/éw}.
S ¥

L

d) Using the model from part c): What is the value of Vout for this case. (2 pt)

Vot 2 1A \(;y) T 2.9V
\,’é;‘:é‘f‘f
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. Qo - . . 5
Question 4 — Switching Circuits (continued) IN {, b 1o A‘*;’ 'S & 4

dei - LED1 (a b @= ? ; SR J
T e W
;I: 500chms s & 5
o : %“—1_»/_/_ / .
2
; (. i3
- Leozk\w’ o ia? e :}’
Vb o RELAY SPDT & 5“"’"5 '3 !
R1 1k at
Vin
Q2N3904
T
=

There is a relay in the figure above. The relay coil will be energized if 8V or more is applied across
the coil. The coil is on pins 1 and 2. Pin 3 is the common of the contacts. Pin 5 is the normally

closed contact and pin 4 is the normally open contact. The normally closed contact connects to the
common when the relay isn’t energized.

e) Using the diagram above, fill in the table below: (8 pt)

Vin Vb Is the relay energized? | Is LED1 onor off? | Is LED2 on or off?
(yes or no) (On or Off) (enter On or Off)
0.2v
oV o Yes A2
4V
O v ???g /ff o ?"? r
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Question 5 — Comparators and Schmitt Triggers (20 points)

You are to design a comparator circuit that takes a 2.5V triangle wave and outputs a +5V square
wave that is positive when the triangle wave is negative and negative when the triangle wave is
positive.

a) Specify V+ (V") & V- (Vy) and connections to the + & - inputs and show where the input signal
is connected. (Ignore OS1 and OS2) (4 pts)

b) Modify the circuit in a) to be a Schmitt Trigger with hysteresis that switches at +1V and
-1V by adding 2 resistors to the comparator. The smaller resistor value (R2) is 1k. Find the values
of R1 and Vref, assuming that V+ and V- are unchanged from a). Show where the input signal is

connected. (6 pts) ; \
RE V(ec-
Ve :(Ruaz)(; ) +0

- law)

RI =4k

S

HysTeres:s - '1V*->+1\/) CENTERED @OV
: Nrer =0V
ReF T
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Question 5 — Comparators and Schmitt Triggers (continued)

¢) Given the circuit below, find the input voltage switch points for the Schmitt Trigger. Note that
the supply voltages in the circuit are flipped when compared to the crib sheet drawing. (7 pts)

\/Tfj :iz—%;(%”z) i

:}%Z:\SV

/

Vtriangle@

ko
Vo= =i (6-2) +2
o ==-2 +2 =0V

d.) Can the circuit in ¢) be used to create a square wave from the original triangle wave in a)?
Explain why or why not. (3 pts) N 0, SIGNAL INPUT VOLTACE NEYER EXCEEDS

HigH THRESHOLD
Vours
A

o

V'{HT /\93 A - i J— - p J— - o e -
5
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ENGR4300
Fall 2006
Test 3B

Name S, / .

Section

Question 1 (20 points)

Question 2 (20 points)

Question 3 (20 points)

Question 4 (20 points)

Question 5 (20 points)

Total (100 points):

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.
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Question 1 — Astable Multivibrator (20 points)

V2
12va§
Ra =
§ Ret 0
5k
oL x LED4
2] rmicos
2 TRIGG
ﬂ’k 2| RESET OUTPUT 2
2| CONTROL Rd1
7| THRESHOLD . .
DISCHARGE Use the circuit shown on the left to answer parts a),
L. %0 LED3 b) and c) of this question.
0.2uf | ca
T 10nE.
o

a) What is the off time of the 555 timer? Include units. (2pt)

TLl: 0641 -Kil.cy = & .51mS

b) What is the period of the output pulse? Include units (2pts)

T= T4r7T2

T4 caeq  (aar s Mit) <] ~ 3.7 =5
e amE LA

[r + TV L
[ ﬁ,

{ ﬂ-\ Which pin or PAS/ 2

| .
|

o&) The graph above is the voltage mgna?as a function of time at one or more pin(s) of the 555 timer
used in the circuit shown. Which pin(s)? Label the voltage and time for points A and B. Both
points are where the slope of the curve changes Include units. Assume that the left most point is
an arbitrarily set to a time of zero and give times relative to that. (6pt)

A

e <=

N

I

[

: ij' 45% é&ﬁ%%\) &?
5/2 (may. ) g 50 N5V v i _ g‘"é/
:ﬁ? 20f 12 / :
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Question 1 — Astable Multivibrator (continued)

V1
‘ 9Vd<%i-.—
Ra _
§ Re 0
. LED1
2] micedd
Rb 4 TRIGG 3
RESET OQUTPUT . . .
2 & contrROL Rd Use this circuit to answer parts d) and e)
71 THRESHOLD
1 DISCHARGE
o]
- S8 LED?2
- C1
- C2
- -
=0

d) Circl or False for each of the following statements: (4pts)

If Ra is 2k and Rb is 4kQ, and C1 is unknown, then LED1 will be on for a

True
larger fraction of a cycle than LED2.

Assuming that Ra and Rb are equal in value and C1 is discharging, then the

True
; current through Ra is equal to the current through Rb.

e) If Rb=20kQ, find values for Ra and C1 that result in an output frequency of 5khz and a duty
cycle of 80%. (6pts)

ﬁ-, chihy T= :f 2 200 S
/Zk - (g@?{)(ld‘:)“s) = /60,5
Togr = @02 )(200u8) 2 40§ —
~ v.ea3(ry)(er) | €1t 2.9n F

R w

T = 0.653 (A sl )cr = [Com S g
(2.1 t) > 1600

0.653(7, * :mf
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Question 2 — Combinational Logic Circuits (20 points)

A 1IN

| 7404

u1B

7404

U2A

7408

G

F

U3A

SR

U5A

o C

7400

a) Complete the table below for the circuit above. (6 pts)

A B F G C S
0 0 1 1 1 0
0 1 0 0 1 1
1 0 0 0 1 1
1 1 0 0 0 1

b) What type of gate is output S above, if any? (circle one) (1 pt)

AND NAND NOR XOR NOT None of the others.

¢) A logic circuit similar to that in a) (but NOT the same) has the following truth table. Combining
CS as a 2-bit binary number, fill in the decimal value in the table. (4 pts)

A B C S CS as Decimal Number
0 0 0 0 0
0 1 0 1 1
1 0 0 1 1
1 1 1 0 2

d) If A and B are treated as binary number inputs, what ARITHMATIC operation is being
performed in creating the output CS? (4 pts)

ADDITION
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Question 2 — Combinational Logic Circuits (continued)

e) Of the basic 2-input logic gates, which could be used for the ARITHMATIC multiply operation
of 1-bit binary numbers A and B. (4 pts)

AND

f) Show that the multiply and logic operations are equivalent by filling in the table below. The
symbol ‘ @’ represents the logic operation chosen in ). (1 pt)

A B | AxB Ae¢B
0 0 0 0
0 1 0 0
1 0 0 0
1 1 1 1

50f12
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Question 3 - Sequential Logic Circuits (20 points)

In the circuit below, the timing traces at nodes A and B are displayed. You don’t need to worry
about the details of the clocks. Assume that node X starts low. Plot the time trace for nodes X and
Y.

OFFTIME = 0.1u
ONTIVE = 5m - LSTVS

DELAY =

STARTVAL = 1

OPPVAL =0 U4A

|

OFFTIME = 7uS
ONTIME = 1u§ 2oTM3 o A
DELAY = 4u8
STARTVAL = 0
OPPVAL = 1
7402

B - VEE]
OFFTIME = 3uS ’ 4
ONTINE = 1uS [EoTe, i © Y
DELAY = 2u§ L
STARTVAL = 0 v 7402
OPPVAL = 1

a) Fill in the timing diagram with the signals indicated. (8 pt)

8 ; — : pre——— ; [—— : frem—————

1 ] + 1 1 + *

! ; i ; H

1 ¥ + 1 ) *

Y T 1\ v 1

4 ' H ' '

] + ] . ] * 1 * * t

' + 1 1 1 + H 1 .

8s 4\ by, 8us 12us 16us
. Time

13 ges ﬁmai
Y 4o low

ot o D X geshol

A sjgfs 531

X 3éfj iéw’

-éa‘;'i\ low
Aw{{ res Lt

60f 12



ENGR4300

Test 3B Fall 2006

Question 3 — Sequential Logic Circuits (continued)

OFFTIME = 3u$ |

ONTIME = 3uS UsA
DELAY = LZSU@T—W 17 — £

STARTVAL = 0

OPPVAL = 1 v 12 ard Q/ + "? é}‘s}{}o ¢ ga.tsg

OFFTIME = 3u$
ONTIME = 3uS
DELAY = 3 25,8
STARTVAL = 0
OPPVAL = 1

0P CLK
4

g ba

K!§71o7 O A fflﬁv*j paég {}#gbk

Y

OFFTIME = .5uS¢0ck

ONTIME = 5uS
DELAY =
STARTVAL = 0
OPPVAL = 1

OFFTIME = 5uSg oy

ONTIME =5m
DELAY =.1u$
STARTVAL =0
OPPVAL = 1

Y

b) Clock pulses are applied to a J-K flip-flop as shown above. Below is a timing diagram for the
input signals. Assume that the ﬂip-ﬂgp starts with Q low and Qbar high. Plot the timing trace for
%.?? b L4 }i 5

Q and Qbar. (8 pt) L i |
Cloc}%(% T_J 5 ! ! ‘
Q o I W
Qbar " g
4 ) i A f: ‘i\ £l
{0 .- sk Sl by Lad ﬁ?é )l
fode | Thal Tl TRY G g e | S,
Ly K9 R R L b0 dzo| # .
‘éjog" é{')% Qs }J{f’ ) *ﬁ“}f =1

¢) A 4-bit counter is cleared and then receives a string of clock pulses. (4 pt)
What are QA, QB, QC and QD after 7 clock pulses? Clearly indicate the state of each signal, don’t

just list some 1’s

oD

d 0’s without stating which is QA, which is QB, ...
de| @3 )44

What are QA, QB,

O

( 1{;

QC and QD after a total of 17 clock pulses?

Q&g «h gA ii\é;?ée Fid 1S caanh

&p
17

G ued f & cou wf g
o ¢ | e— 900 (7 ¢omnbr

70f12



ENGR4300
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Question 4 — Switching Circuits (20 points)

L] ove
5Vdgrm==— R3
- 1k
0

OVout

Ra Q1 rp Q2
va k- 1k K Vb '_I 1K K
T T
o

a) Redraw the circuit using the transistor switch model for the case where both Q1 and Q2 are off.

b) Complete the table for the circuit shown. (4 pt)

Fall 2006

ol

B

Va Vb Vout
0V 0V 5=/
0V 2V o Vv
2V 0V OV
2V 2V 7, v

8o0f12
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Vout
Re O3
ve o——/\/\/\,———{ ok
1k
Re Q4 rs @5
VA VB 4K
1k 1k
e
=0

¢) Redraw the circuit above using the transistor switch model for the case when VA=10V, VB=0V
and VC=0V,, " 4 10V

vt
(e =Ih

Gh

=

d) Using the model from part ¢): What is the value of Vout for this case. (\’2« f ”é f

qv
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Question 4 — Switching Circuits (continued)
ow it a@ e !*.‘Y

s w't o e ?”’ég

R2 R2

500ohms 5000hms

LED2

10Vde

i

—_I: L1 34 ¥ Vb i3 é*""’j’!irj
0 o LY
2%
Va o RELAY SPDT
R1 1k Q1
Vin

.—-T-

-0

There is a relay in the figure above. The relay coil will be energized if 8V or more is applied across
the coil. The coil is on pins 1 and 2. Pin 3 is the common of the contacts. Pin 5 is the normally

closed contact and pin 4 is the normally open contact. The normally closed contact connects to the
common when the relay isn’t energized.

e) Using the diagram above, fill in the table below: (8 pt)

Vin Va Vb Is the relay energized? | Is LED2 on or off?
(yes or no) (enter On or Off)
2V
02Vl 0v |)ov A 0 FF
4V

/

/

ﬁ{?e &i{é«} qu&’
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Question 5 — Comparators and Schmitt Triggers (20 points)

You are to design a comparator circuit that takes a 2.5V triangle wave and outputs a +5V square
wave that is positive when the triangle wave is negative and negative when the triangle wave is
positive.

a) Specify V+ (V") & V- (Vy) and connections to the + & - inputs and show where the input signal
is connected. (Ignore OS1 and OS2) (4 pts)

b) Modify the circuit in a) to be a Schmitt Trigger with hysteresis that switches at +1V and
-1V by adding 2 resistors to the comparator. The smaller resistor value (R2) is 1k. Find the values
of R1 and Vref, assuming that V+ and V- are unchanged from a). Show where the input signal is

connected. (6 pts) ; \
RE V(ec-
Ve :(Ruaz)(; ) +0

- law)

RI =4k

S

HysTeres:s - '1V*->+1\/) CENTERED @OV
: Nrer =0V
ReF T
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Question 5 — Comparators and Schmitt Triggers (continued)

¢) Given the circuit below, find the input voltage switch points for the Schmitt Trigger. Note that
the supply voltages in the circuit are flipped when compared to the crib sheet drawing. (7 pts)

\/Tfj :iz—%;(%”z) i

:}%Z:\SV

/

Vtriangle@

ko
Vo= =i (6-2) +2
o ==-2 +2 =0V

d.) Can the circuit in ¢) be used to create a square wave from the original triangle wave in a)?
Explain why or why not. (3 pts) N 0, SIGNAL INPUT VOLTACE NEYER EXCEEDS

HigH THRESHOLD
Vours
A

o

V'{HT /\93 A - i J— - p J— - o e -
5
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