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ENGR4300 Quiz 4A Spring 2006
Question 1A ~ Diode Circuits (20 points)
You are given the following circuit:
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a) What are the minimumn and maximuin voltages that can ever occur at Vout? (4 pts)
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b) Sketch Vin and Vout when V1 is VAMPL = 6V VOFF =0V FREQ=_1KHz (4 pts)
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¢) What are the minimum and maximum currents through R1 for part b) above? (2 pts)
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¥ b

d) Sketch Vin and _Véut when V1 is VAMPL = 6V VOFF =2V FREQ = 2KHz (4 pts)
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¢) Sketch Vin and Vout when V1 is VAMPL = 6V VOFF = -2V FREQ = 500Hz (4 pts)
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f) Indicate the circuit below that would produce output most like the circuit above. (Note that
this is the same circuit as the one at the beginning of this question.) (2 pts)
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Question 2A — Rectifiers (20 points)
You are given the following circuit:
Assume that the diode is has a 0.7V forward drop, otherwise it 1s 1deal.
Va D1
- 51 - +—ov, The transformer has5:1 turns ratio,
VOFF = 0 with 5 primary turns for ecach
VAMPL =3 D1N4GC2 R1
FREQ = 200 ) secondary fumn.
1

. ek
=0 =0
a) The transformer above has a turns ratio of 5:1 Sketch in the plot below, the Va and Vb.
You must 1) label the time axis, 2) label the voltage axis, 3) clearly indicate which trace is
which, 4) clearly indicate the extreme voltages for each trace, 5) clearly indicate the period of

the waveform. Extra copies of this graph are available if you wish to start over. (7pts)
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b) What is the time between the peaks of the magnitude of Vb? This should also be indicated

on the plot. (1pt)
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Va b1
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¢) The circuit above is the same as the previous one, but with a capacitor added across R1.
Assume that the diode is has a 0.7V forward drop, otherwise it is ideal. The diode will turn
off exactly at the time that the magnitude of the voltage on the capacitor reaches a maximum.
At this point in time, what is the current in R1, Ig;? And also, just after the diode has
turned off, what is the time rate of change of the capacitor voltage, dV./dt ? (See the crib
sheet for Qulz 1 for the general equation for a capacrtor Y(5pts)
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d) Estlmate the peak to peak voltage ripple at Vb by using the answers from part ¢) and b).
In other words, assume that the capacitor voltage will decay linearly (part ¢} and will do so
for a period of time equal to the time between peaks of the output voltage (part b)). (3pts)

Y {,f“ . ”_i 5, &
Vb(peak to peak ripple)= /) <1 Sies )6 ) 5 AL G

e) Sketch the Vb waveform for the circuit above. Do it below or add it to the plot on the
previous page. Be sure to label both axes if you use the graph below. (4pts)
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| Question 3A — Zeners (20 points)
R1
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For the circuit shown, D1 is a zener diode with a zener voltage of 7V, a knee current of

K

1mA and a forward "on" voltage of 0.7V

a) Fill in the table below. For zener state us the words: on, ofﬁ or zener. (6pts)

V1 Vout Zener State
9V , g
g“ F o £
-(.5V P
-9V , .
g sV

b) What is the smallest V1 allowed that will result in zenefbpéééting in the zener region?
Remember Vz=7V, Linee=1mA, and zener forward voltage drop is 0.7V. (3pts)
] 5 o= Aty

T e v, = Uwarloass) 57

e

¢} The zener is rated for a maximum power dissapation of 0.2 Watts. If the zener is operated

in the on (or forward bias) state, what is the maximuim current that can pass through the zener
without exceeding the power ratmg‘? Remember Power =V *1[, see the crip sheet for qmz i
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d) The zener is still rated for a maximum power dissapation of 0.2 Watts. If the zener is
operated in the zener state, what is the maximum current that can pass through the zener

without exceeding the power rating? (2pts)
7 ey 5? o ™ S ) 4 f
P.1 = L v;g}%&,&w%g - 4 i Gl %ﬁg

) What is the range of allowed voltages for V1 such that the power rating of the zener isn’t

exceeded? (Spts) .~ - ﬁﬁ% & L9, §; %f‘%

e =290mA

{MWM

f) For the range of voltages found in part e), what is the maximum power dissiapated in R1 ?
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Question 4A — Circuit Analysis I (20 points)
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R1=500Q2; R3=22kQ2; C1

47uF ;

2V ; R4=10kQ; C2 =

0.1uF; V8

R5 = 1kQ ; R6 = 4.7kQ2; C4 = 0.1uF
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This circuit on the previous page contains many elements you have seen. The component
values not already indicated on the schematic are as follows:

=500Q ; R3=22kQ2; Ci=0.1puF; V&=2V; R4=10kQ ; C2 =47uF ;
RS = 1kQ ; R6 = 4.7kQ}; C4 = 0.1pF
Note: A low input on the Reset pin forces the output of a 555 timer to go low and stay low as
long as the Reset is held low. A high on the Reset pin allows the 555 time to operate.

1) Indicate the letter of the block in the circuit that has the indicated name (7 pts)

-- Non-inverting Comparator 3

-- DC blocking capacitor

Astable Multivibrator

Inverting Amplifier g

- Speaker 5?;

-- One-shot (or Monostable Multivibrator) E

f

-- Accelerometer Chip 45

2) The output scale factor for the ADXL150 (at point B) is given as 38mV/g * (R3/R1),
where g=9.8 m/s”. If the amplitude of the voltage after box B spikes up to 3.6V, how much
acceleratzon (in mv/s”) is bemg experienced by the chip at that moment? (2 pts)

21/, o 2RR . uy L v
Vi, T L f ho s L
) S et e
26 2L . .
MMM e 55@%%%% é": 2
" 3)1f, after box B, the amplitude is 3.6V and the DC offset is 2.5V, what arc the amplitude
and DC offset of the signal after box C? (1 pt)
§ & s, ’i H
ﬁ?’%&jﬁgef%%ﬁ&fﬁwﬁf - %@j
ﬁ - =D
4) Given the sxgnal in paﬂ 3, what is the Voitage after box D? (1 pi) _ "
White 0.4 g% st b 5 LD s o’

o o B i H
E H E Lo LoE
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5) A one shot (monostable multivibrator) works in a similar manner to an astable
multivibrator in that it will remain on when the capacitor is charging. Also, the components
in the one-shot circuit determine the length of the pulse. Use the one-shot circuit to find the

time constant, Ton, for the monostable multivibrator shown. (2 pt)
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6) The input to a one-shot is a signal at the trigger (pin 2), which causes the capacitor to
begin charging up from ground. The equation to find Tox for the monostable multivibrator is

given by Tox = KTon,, where K is a constant that represents the portion of the charge cycle
between 0V and the reference voltage of the Threshold Comparator (2/3Vec) attached inside

1
the 55-timer to pin 6. If the charge equation for a capacitor is Ve =V, (1 —€ A) , then what

is the on-time for the monostable multivibrator shown? (2 pt) |
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8) Which ONE of the following is true? (2 pt)

a} The buzzer will sound ail the time because the astable multivibrator generates a constant
string of pulses,

b) The buzzer will sound only when the output from box D is around 5V.

¢) The buzzer will sound only when the output from box D is around OV.

d) The buzzer will sound only when the output from the monostable multivibrator is higﬁl %'x

F

«WWM

e) The buzzer will sound onfy when the output from the monostable muifivibrator is low.

) The buzzer will never sound because its input frequency is never in the audible range.

9} This circuit 1s only activated by acceleration in one direction (up or down depending upon
its orientation). Which of the following would allow it to be activated by acceleration in both
~ positive and negative directions_?ugg\gt)
S _ a) Add a full wave rectifier after box C. )
b) Connect pm4 (the enable pin) of the second 555 timer (X2) to +5V
¢} Remove block C

d) Replace block D with an mtegrator

e) Add a smoothing capacitor after block F

Extra credit: The buzzer will sound when the acceleration exceeds what value in m/s?? How

many g’s is this? (1 pt , ) -
ygst apy 7 - 2
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Question 5A — Circuit Analysis IT (20 points)
+9

L
i 3 F
v kS
A ——
O 1%
1t 8
1%
g k
Al E ]
%, & AR t
k> >
w a8k S +3
" 4550 28
3
Vaudio @ N s
VAMPL = tv C vz O AR
FREQ = 1800 2 n 1k
VOFF = 1y £y />0 2 %
S E
g + - g 1%
2.8x
= e
e
I =
i) £ 3, s, Dy O
I ; T ey g
BN ] it g4
3 I o R I ;
{ H § v i
?g i i ; H H o
! ! : z : !
i § ! H ;\ i b
¢ a ] ; : : 1 i
i H t i i H L
P ; , ! 7
! ¢ g ! i 1 é 5
3 ¥
s ] b ; ':’ g
% b § } H {
: i ; i
: i / ! : 3 ; !
w o :
SELa>
3w
S YESD) ¢ V(RILD)
= fz }){/ i o f‘/ \ A%
Jall / ! Ve
5 \ > :
¥ p :
£15 ¥ k\ 3
bi %] At
4 /
G5 O.ims . 2ms 0. 3ms 0, 4ms 0.5ms §.6us §.Tms G.5ms 0. % 3,0ms

%
¥

v 4
iy 13 of 15



ENGR4300 Quiz 4A Sprm_g 2006

a) Label the four graphs shown on the previous page with the rnosf likely probe designations
(A, B, C...G), noting that only four locations were plotted. (Hm% The op-amp output is has
a slew rate limit of about 500V/msec. The output can’t change faster than this value.) (8pts).

Py,
it |

b) Find the value of the probe voltage at location B (att = Sms’) (1pt) i f

¢) Find the value of the probe voltage at location G (at t= Smsé) if the zener diode 1s
operating in the zener region.(1pt)

d) Find the relationship between the voltage at location D) and the voltage at locatlon E(att=

3ms).(1pt Ve Py ,
ms).(1pt) g?m g gffb 64 wlfl A

¢) Label the graphs with the most likely probe designations for the waveforms shown above,
noting that only three locations were plotted (5pts).
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f) Briefly describe the operauon of the circuit in the dashed box. (2pts) A7
i & f}g fort 5 s

5 .
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