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Question III (16 points)
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Question VI (16 points)
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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. Read the entire quiz before answering any questions.
Also it may be easier to answer parts of questions out of order.
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Question 1. Voltage Dividers (20 points)

This question consists of 10 short problems involving the voltage divider circuit shown below. In
each case, V1=42V, but, R1, R2 & R3 are different for each problem.

Input R1 Output
N /

V1

i__— §R2 §R3

_L_ 1
-0

1) R1=1kQ, R2=R3— (open circuit) (2 pts)

Vouput = 42 Volts. Since R2 and R3 are open, there is no current through R1 so no voltage drop
across R1.

2) R1=1kQ, R2— (open circuit), R3=10MQ (input impedance of smaller Mobile Studio
voltage range). (2 pts)

output = olts. Since 1S open an is so large, the output is + =
Voup 42 Volts. S R2is op dR3 large, th ‘D (R2/(R1+R3))V1
(107/(10°+10°))42=42 Volts

3) R1=1kQ, R2— (open circuit), R3=6kQ (input impedance of larger Mobile Studio voltage
range). (2 pts)

Vouput = (6/7)42=36 Volts because the circuit is just a voltage divider consisting of a 1k & a 6k
resistor, with the output across the 6k.

4) R1=1kQ, R2— (open circuit), R3=0 (short circuit). (2 pts)

Vouput = 0 Volt because the voltage is always zero across a short circuit.

5) R1=R2=1kQ, R3— (open circuit). (2 pts)

Vouput = (1/(1+1))42=21 Volts. This is the ideal voltage divider built with two 1k resistors.
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6) R1=R2=1kQ, R3=10MQ (input impedance of smaller Mobile Studio voltage range). (2 pts)

Vouput = 21 Volts. This is practically the same as question 5 because 10MQ is so much greater

than 1kQ.
7) R1=R2=1kQ, R3=6kQ (input impedance of larger Mobile Studio voltage range). (2 pts)

Vouput = 19.4 Volts. This is the only part of question I that is a little more complicated. The 6k in
parallel with 1k is now the net bottom resistor of the voltage divider. That parallel combo is
(6/7)kC2. Thus the output is 42((6/7)/(1+6/7))=42(6/13)=19.4 Volts.

8) R1=R2=1k€Q, R3=0 (short circuit). (2 pts)
Voutput = 0 Volt. Same as part 4.
9) R1=1kQ, R2=13kQ, R3— (open circuit). (2 pts)

Vouput = (13/14)42=39 Volts

10) R1=1k€Q, R2=167€Q, R3— (open circuit). (2 pts)

Vouput = (167/1167)42=6 Volts
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Question I1. Resistive circuits (16 points)

V1=120V, R6=R7=R8=4kQ, R1=R2=R3=R4=2kQ, R5=R9=R10=3kQ

— e R R M R R R M M R R M M R M M e e e e e e e

Vg ~
/R1 R2 R3 R4 RS \
I
VW A% A% A% A% |
| |
1 1
Vil !
= ! § R6 § R7 § RS § RO § R10
1 1
1 1
1 1
—1 \ /
_— N e e e e e e e e e e e e e e e e e e e e e e e e, e, e, —m— e
-0

1) Find the total resistance of the circuit, seen from the voltage source. (i.e. all resistors inside the
dashed region) (6 pts)

R5+R10=06k, RI||(R5+R10)=((6)(3)/9)k=2k, RS8||(R4+2k)=((4)(4)/8)k=2k, R7||(R3+2k)=2k,
R6||R2+2k=2k, R1+2k=4k so the total is 4k€)

This can also be confirmed using PSpice. Since the voltage between R1 and R2 is 80V, the
resistance of everything to the right of RI must be equal to RI or the total is 4kQ

Rt R2 R3 R4 RE
—WVV'\-—‘W + g T oy
Zx 7k 2k % 2k
. 'I.I.-
120vde— RE RT RE Ra R1D
T 4k 4k dk ik Ik

2) Find the voltage across R6. (5 pts)

From PSpice the voltage is 60 Volts. To confirm this result, the resistance of everything to the
right of R1 is 2k, so the voltage to the left of R2 is 60V (half of 120V).

3) Find the current through RS. (5 pts)

To find the current in RS, we need the rest of the voltages shown in the PSpice result. The
resistances to the right of R3 and R4 are also 2k, so the voltage drops by half each time. Thus the
voltage to the right of R4 is 7.5V. This voltage drops across two identical 3k resistors so that the
voltage to the right of RS is 3.75V. The current through RS is thus (7.5-3.75)/3k or 3.75/3mA or
1.25mA. This is also confirmed by PSpice.
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Question I11. Filters (16 points)

Spring 2012

You are given the following circuit. The input at V1 has the following properties: VAMPL =

1V, Freq = 1kHz, Voff=0V

>

R2 /
VOFF =0 Wy T

A

R3

L2

>

e

é R5
500

1uH

% R5
500

AWV
10 500 1uH
VAMPL =1 V1
FREQ = 1k @ - C1 R4 - C2
1uF 1k 1uF
AC =1
® |3
E 2uH
L
=0
A. The behavior of this circuit at low frequencies
1) Redraw the circuit at zero (DC) frequency (2 points)
R2 R3
- AV AN
VOFF =0 10 500
VAMPL =1 V1
n\.l
FREQ = 1k R4
s X
AC =1
L
=0

2) What is the amplitude of the voltage at point A at DC? (2 points)

The combination of R4, R3 and RS is 500Q so the voltage is almost 1V (0.98V)

3) What is the amplitude of the voltage at point B at DC? (2 points)

Because of the two 500Q resistors, the voltage will divide equally, so about 0.5V

K. A. Connor



ENGR-4300 Quiz 1 Spring 2012

B. The behavior of the circuit at very, very high (f — ) frequencies

1) Redraw the circuit at infinite frequencies (2 points)

- A .L2 B
VOFF =0 '\{\é\’ rITHm
VAMPL=1 |v1
FREQ = 1k \0
AC=1
*
L
-0

or the voltage at A is shorted to ground and the voltage at B is connected through the infinite but
equal inductive impedances. Note that at « frequencies, it is still necessary to keep the inductors
in the circuit since voltage division can still take place. Otherwise the voltage at B is
undetermined rather than zero as it is here. This is a subtle point that is probably beyond the
scope of this course, but asking the question allows us to determine if anyone has a more
advanced level of understanding.

2) What is the amplitude of the voltage at point A at infinite frequencies? (2 points)
oV

3) What is the amplitude of the voltage at point B at infinite frequencies? (2 points)
Also OV because it will be half of A.

C. Is this a filter?

1) What type of filter could this be at point A (circle one)? (2 points)

High Pass Neither

2) What type of filter could this be at point B (circle one)? (2 points)

High Pass Neither

This connection at A makes a better filter.
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Question 1V — Transfer Functions (16 points)

L L

® ®
—_ YY) MYV I

g " g "

Circuit A Circuit B
A. Transfer Functions

1) What is the transfer function for circuit A? You must simplify. (3 points)

H,(jw)=———
(@) R+ joL

2) What is the transfer function for circuit B? You must simplify. (3 points)

R B JRC
1+ joRC— @’ LC

R+ jolL+——
jaC

B. We want to determine what type of filter circuit B is

Spring 2012

1) What are the simplified transfer function, the magnitude, and the phase of circuit B at low

frequencies? (3 points) Hint: Remember that the frequency is not zero, just small.

JjoRC _ JoRC
1+ joRC -’ LC 1

Hy o (jo) = = jwRC
|H o (jo)| = |joRC| = @RC

LHy o (jo) = ZjwRC = g

K. A. Connor



ENGR-4300 Quiz 1 Spring 2012

2) What are the simplified transfer function, the magnitude, and the phase of circuit B at high
frequencies? (3 points)
JjoRC JjoRC R . R

H ) = ~ - R
BH[(] ) 1+Ja)RC_a)2LC —COZLC ](OL / wL

|HBH1 (]a))| ~

_,R_R
‘]a)L wl

R T
/H ) ~ Z(— —) =——
s (J @) J ol 5

3) What type of filter is circuit B? Explain your answer. (2 point)

Band pass. The output is very small (approaching zero at both high and low frequencies. At the
JjoRC _ JoRC
1+ joRC -’ LC  jwRC

resonant frequency, Hy(jw) = = 1so the input is reproduced at the

output.

C. If L=ImH and R=100€2, what are the magnitude and phase of the transfer function of circuit
A at its corner frequency? (2 points)

The corner frequency is @ = % . The transfer function for A is

R R 1 11— 1-j

= = = so it does not matter what the values
R+jol R+ jR 1+ 1+j1-j

H,(jo)=

of R or L actually are. The magnitude is |HA (ja))| = ‘1—7]‘ =.707 and the phase angle is

. 1-j
/ZH, (jo)=L—=——
(o) 5 4

D. Extra Credit (2 points)

Today is the birthday of a famous German scientist. Google has noted his birth date on its search
engine page (see image below). Hint: we have named the units of frequency after him.

Heinrich Rudolf Hertz
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Question V - Signals, Transformers and Inductors (16 points)

Two different configurations are to be compared. Both have the same source with amplitude VS
=600V, frequency = 1kHz, RS = 10Q. The transformer is ideal with full coupling.

o Vin N Vout
T

v, I
P L 3 7, T T TS
v, 1, \L a9 9

Vs is divided by the combination of Rs & Zi, so that Vi, is half Vs or 300V.

. . V> 900
V..=aV., =900V The power delivered to the load is P, = —— =

out
L

= 9000 Note that

since there is no power delivered to the transformer, one can also calculate the power to the load

2 2
Vi 300 =9000W

by finding the power delivered to Z;,. P, =

in

2) With RL = 10Q and L2/L1 = 1, what are the new values for Vin, Vout, and the power in RL?

(6 pts)
:Kz_l L, _ =J1=1 Z, _Z :E:mQ
v, I, \L 11

Vs is divided by the combination of Rs & Z;, so that Vy, is half Vs or 300V.

v, _300°

V.. =aV, =300V The power delivered to the load is P, = = 9000 Note that

out
L

since there is no power delivered to the transformer, one can also calculate the power to the load

. . v.? 300
by finding the power delivered to Z;,. P, = Zl = 0 = 9000

in
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3) Knowing that a real transformer’s behavior deviates from that of an ideal, what would be an
appropriate minimum value for the inductance on the primary of the transformer in 1), given the
source’s frequency of 1kHz? (4 pts)

Y 1nH To function as a transformer, the inductive impedance must be

b) 10puH significantly larger than the resistive impedance. Thus,

c) 100uH L>> S = 27[11(())00 = %mH so 10mH is a good choice.100mH is also
b) ImH not totally unreasonable, so 3 points for that answer.

c) 10mH

d) 100mH

e) 1H

f) 10H

g) S00H
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Question VI — Instrumentation, PSpice and components (16 points)

1) Identify the two errors in the simulation profile shown below. (4 pts)
Simulaticn Settings - Sim LX)

A
General | Analysis |Cunﬁgumtiun Files | Ciptions I Data CﬂMﬁil& I Probe 1|'H"|r1dn|ﬂ|

Analysis type:
[Tlme Domain (Transient) v]

Oiptions:

oo soivgs |
[ Monte Cardo/Worst Case
[] Parametric Sweep

[] Temperature (Sweep)
[]5ave Bias Point
[]Load Bias Point

[ Save Check Poirts "] Run in resume mods [ Output File Options... ]

[]Restart Simulation

| oKk || cancel || Mply || Heb

One: there is a space between the number and the units.
Two: the start saving time is after the run to time so nothing will be done.

2) Assume that Function Generator 1 is used to generate a 2.5kHz sine wave with peak-to-peak
amplitude of 0.8V and it is connected to Channel 1 of the Oscilloscope. Which of the

following four signals will be observed on Channel 1? Explain your choice. (4pts)

AN VAV VAV R VAYVEE VA

: \ \ /
Horizantal: 200 ps/Div Trigger: 0.000Y

i =4 S =

-

A
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\
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e
— -
—

e

b g

or .8V

The period is 2ms/5 so f=2.5kHz the pk-pk amplitude is 4 times .2V

12
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3) There is a problem with the circuit you have built and connected to your Mobile Studio
I0Board. Instead of seeing a nice 1kHz sine wave on channel 1 of the oscilloscope, you see

the following signal instead. (4 pts)
| “u Ml

HM _\ “u |
J J

The period is 100ms/6=16.7ms so the frequency is 60Hz for the

main component. This is the power line frequency.

Haorizontal: 10.0 ms/Div
Chamnel 1: Vertcal: 500 my/Di

Because there seems to be both a low frequency and a high frequency component to this

signal, you display it again with a different time scale.

AVAVAVAVAWA \,
ViV] V]| V| V

7
VooV

The period is 100us/9.25=10.8us so the frequency is about
93kHz for the high frequency component.

Horizontal: 10.0 ps/Div
o | o L. __ z -._:_ i; il_: J
t: A1 SE

k.

K. A. Connor

13




ENGR-4300 Quiz 1 Spring 2012

What are the values of the two frequencies? Note that both signals are probably distorted
somewhat but you should be able to identify the fundamental frequency in each case. Identify
the source of the lower frequency.

See above.

4) What are the values of the following resistors? (4 pts)

Brown, Black, Red

R=1kQ

Orange, Orange, Orange

R=33kQ

E I 14 K. A. Connor



