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I. Circuit Analysis (16 points)
DC Voltage Divider Questions

The following circuit has three voltage sources:
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(3 pts) Find Vout given the resistances R1 = 10K, R2 = 5K, and R3 = 20K ohms. (4v)

1.
2, 7c& ,
T e s¢t Vv
] 3728k

\Voi = (ODV = :
o 43703

\Ijv‘l — (N L] S} j)_?l' S,
= &V S C 691 - Y3 24 W

\/j 3, 34125
oD = .____._“_JL'—”’ P - A
2. 703V

S 20 4 3.4>85

2. (2 pts) Find the current through R1, R2, R3 and RL.
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3. (4 pts) The following circuit has a voltage dividing function. Derive the transfer function equation

(Vout/Vin) in terms of V1, C1, C2 and C3. (Hint: even though Vin is a DC source, still approach
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The following circuit has a 12V DC voltage source connected to a resistor (1k ohm) and an inductor
(1mH). It has been switched ON for a while and switches OFF at t=0.
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5. (3 pts) What is the current through R1 (1K ohm) before the circuit switches OFF?
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6. (3 pts) At t=0, the circuit is switched OFF, and it takes 10us to settle down to zero current. What

is VL (voltage across the inductor)? j} e Ty = O 2 A = 12 m !\ .
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II. Filters (24 points)

RC Circuit Questions
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1. (2 pts) V1isan AC source with varying frequency (w). Find the transfer function (Vout/Vin) in

terms of w, R1 and C1. ) i
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2. (1 pt) What is the simplified transfer function equation at two extreme frequencies
(low: @ = 0, and high: @ = 0)?
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3. (1 pt) Find the corner frequency of this RC circuit for the case: R1 = 100 ohm, C1 = 0.1uF.
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4. (1 pt) Is this a high pass or low pass filter?
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RL Circuit Questions

Vin ;\ ,/«\/' Vout

1. (2 pts) V1 input is AC with varying frequency (w). Find the transfer function (Vout/Vin) in terms
of w,R1 and L1.
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2. (1 pt) What is the simplified transfer function equation at two extreme frequencies
(low: w = 0, and high: @ 2> ).

E I You must include units. 7 S. Han and A. Patterson
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3. (2 pts) Find the corner frequency of this RL circuit for the case:([R1= 100 Oh“<L1 =0.4H. |
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4. (1 pt) Is this a high pass or low pass filter?
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RLC Circuit Questions

Now we want to build a new filter by cascading the filters above.
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1. (4 pts) V1 input is the same: AC with varying frequency (w). Find the transfer function
(Vout/Vin) of the new filter in terms of w, R1, C1, and L1.
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2. (1 pt) What is the simplified transfer function equation at two extreme frequencies
(low: w = 0, and high: w = ).

C WJ—> C h ( f,vu) = O

3. (1 pt) Draw simplified circuit diagrams for the two extreme cases
(low: w = 0, and high: w = ).
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4. (2 pts) Derive the equation for the resonant frequency of this filter. Show your reasoning and
assumptions in derivation process. (Hint: at what w does the magnitude of the transfer function
have a maximum? [Hpax| = 1)
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5. (2 pts) What is the phase angle of the transfer function at the resonant frequency? Show the
calculation process.

2 = .
(@ resomamn 1&1530“—

H(j‘w); =" =

Juo -

LHged> = o

6. (1 pt) Now we have two corner frequencies. If the values of R, C and L have the same values as
in previous questions (R1= 100 ohm, L1=0.4H and C1=0.1uF), what kind of filter is this?

a. Low pass filter

b. High pass filter

c. Band pass filter qu/&yj

d. andr /}}75.

7. (2 pts) Draw the transfer function in a linear plot, specifying the two corner frequencies on the x-
axis (frequency axis). A rough drawing is OK: H(w) max is 1 on the y-axis. Labeling of the
corner frequency and the relative amplitude on a linear scale on the y-axis is important.

1 e N
/ \\é
A (\\
~ ] ) N
~ ; i N
0 ~ 3 T ""'l ¥ L] ':’ ‘l“'} L ¥ L """ ¥ ¥ L] l""l ¥ ¥ ¥ “""\" LR AL A
iHz 10Hz 100Hz 1KHz 10KHz 100KHz iIMHz

/fc[ ’—4°H) L, T 1S5 g

E I You must include units. 11 S. Han and A. Patterson



ENGR-2300 Quiz 1 Spring 2023

III. Inductors, Transformers, and Phasors (20 points)

Inductors and Transformers
You are given a transformer connected to a source and load circuit, as shown below. You know nothing
about the transformer except that the wire is wound around a ferrite core.

RS
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@Il |5\ LS LL 52;
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1. (4 pts) With an AC voltage applied to the circuit, you measure VS =4V and IS = 320mA. If

VS
Zin =

T what is the value of a?

Z Z IS 320 x 103A
Ip=—oa= |—4== |z, 500 ————— =2

a? Zi Vs~ 4V

[4 pts: 2 pts for correct approach/equation (Zin); 1 pt for using VS and IS; 1 pt for correct
calculation]

2. (2 pts) If you remove RL such that the load is now an open circuit, no current will flow through
the load circuit and no voltage will form across the load side’s inductor. In this case you can
measure the impedance of LS, the inductor on the source side. At a frequency of f= 10kHz, you
measure the impedance of the source side’s inductor to be Zis = j188.5€). What is the inductance
LS?

Zis j188.5

Zys=jwlS=j 2m-f LS - LS = =5 =
s =JOLS =) 2me [ LS = LS = = 0 ki

= 3mH

[2 pts: 1 pt for correct approach/equation; 1 pt for correct calculation]

3. (3 pts) If the toroidal, ferrite core has an inductance factor of Ly= 10.6 uH/turns?>, how many wire
turns are in inductor LS (round up to the nearest whole number)?

= 17 turns

LS = L;NS2 » NS = |—
fe 10.6 x 10-5H /turns?

LS_\/ 3 x 10-3H
= =

[3 pts: 2 pts for correct approach/equation; 1 pt for correct calculation]
4. (2 pts) How many wire turns are in inductor LL (round up to the nearest whole number)?

NL=a-NS=2-17 = 34 turns

E I Y ou must include units. 12 S. Han and A. Patterson
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[2 pts: 1 pt for correct approach/equation; 1 pt for correct calculation]

5. (3 pts) How much current is flowing through RL, given VS =4V as in question 1?

VL NL VS VS_2 4V—160 A
“RL NS RL VR “soa” 0™
[4 pts: 2 pts for correct approach/equations (Ohm’s law); 1 pt for correct use of a; 1 pt for

correct calculation]

IL

6. (2 pts) True or false: for every transformer, there exists a minimum frequency below which the
transformer will not behave as the equations predict.

True
[2 pts: correct answer]

Phasors
7. (4 pts) If you combine the impedances in circuit A below into an effective impedance Zeff, as
shown in circuit B, what is the magnitude of Zeff?

A B

o osexr QM
i :

R N (]C()Ll) . ]C()Ll
R+jwly — 1 jol

Zerf = Zc1llZ11 =
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[4 pts: 2 pts for correct Zeff; 2 pts for correct magnitude]

Ny I Y ou must include units. 13 S. Han and A. Patterson
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IV. Instrumentation Fundamentals and Concepts (20 points)

1. (6 pts) In experiment 3, you estimated the inductance of your homemade inductor by measuring the
resonant frequency of a circuit similar to the one below. By drawing lines from the channels to
locations in the circuit, show how you would:

a. Source the voltage Vin from the instrumentation board

b. Measure the input voltage (Vin)
c. Measure the output voltage (Vout)

1% —

Trigger In (Gray)
z + Ground (Black)
t_o)( Vv t Waveform Generator 1 (Yellow)
L V4+ Power Supply (+5VDC) (Red)
Digital VO Signals
Ground (Black) (Pink, Green,
ope Channel 2 Positive (Blue) Purple, Brown)
§ RL cope Channel 1 Positive (Orange)
Vin C1 1+2+ S V+WISTIO 1234567
C) 0.1|.IF 1-2- $ V-W2#T708 9 101112131415
v L1 ope Channel 1 Negative (Orange/White)
L ope Channel 2 Negative (Blue/White) Digital /O Signals
(Pink, Green,
Ground (Black) Purple, Brown, all
1-

V- Power Supply (-5VDC) White) with White stripes)

Waveform Generator 2 (Yellow/White)
Ground (Black)

Trigger In (Gray/White)

[6 pts: 2 pts each for correct locations of scope channel 1 and 2 wires; 1 pt for correct waveform
generator wire location; 1 pt for ground location]

2. (2 pts) If you measured an oscillation frequency of fy = 5 kHz, what would be your estimate for the
inductance of inductor L1 (to the nearest 0.01 mH)?

1 1 1
= — L, = = —10.13 mH
Jo 2m\/L1Cy o Qn)2f2c, (2m)?- (5% 103 Hz)2-0.1x 1076 F m

[2 pts: 1 pt for correct equation/approach; 1 pt for correct calculation]
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3. (2 pts) If the non-idealities of the instrumentation board are taken into account, the input impedance of
the board must also be modeled, resulting in the following circuit.

vaut »

RL

R
Vin < §R2 c2

T T -
(_D 0.1pF 1Meg —_24pF

v L1

L

In this case, the value of the input resistance is R2 = 1M and the input capacitance is C2 = 24pF. If
you needed to find these values specifically for the M2K or the Analog Discovery 2, where would
you find them?

You would need to look at the datasheet for the M2K or Analog Discovery 2.

[2 pts for correct answer]

4. (2 pts) To determine the effect of the input capacitance on your inductance estimate, combine C1 and
C2 in the circuit in IV.3 into a single, effective capacitance and recalculate L1, using the same resonant
frequency as in IV.2 (to the nearest 0.01 mH).

Since capacitances in parallel combine like resistors in series (they simply add), we get a circuit that has
one capacitor where C1 is, but with the value C¢r = C1 + C2, so

1 1
T 2m)2fE(C, +Cy)  (2m)%- (5 x 103 Hz)2 - (0.1 X 106 F + 24 x 10712 F)

L, =10.13 mH

[2 pts: 1 pt for correct Ceff; 1 pt for correct calculation]

5. (2 pts) Given that the input capacitance is fixed at 24pF for a given instrumentation board, under what
circumstances for C1 would you need to be concerned that the input capacitance of the board is
significantly affecting your measurement?

If C1 approaches the value of C2 (on the order of 10s of picofarads), the input capacitance is no longer
negligible compared with the capacitance of interest in the circuit.

[2 pts for valid answer]

E I Y ou must include units. 15 S. Han and A. Patterson
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Miscellaneous Concepts
6. (2 pts) Suppose that you calculate that the output voltage from a circuit should be
Vour = 500(1 + j) mV. What is the amplitude of the voltage that you expect to measure?

The voltage amplitude that would be measured is the magnitude of this voltage:

Vineas = [Vineas| = J(500(1 +7))(500(1 —)) =500 -v2mV = 707.1 mV

[2 pts: 1 pt for correct approach; 1 pt for correct calculation]

7. (1 pt) Why doesn’t it matter where the two inductor coils of a transformer are located on a ferrite core,
as opposed to an air core?

Because the ferrite core confines or “conducts” the B field within it, the B field does not decay
appreciably from one side of the core to the other (as it would in air), so no matter where the 2" set of
wire wrappings are on the core, it will pick up the B field generated on the primary side without much

loss in its concentration.

8. (1 pt) Circle one: you run an AC sweep of the circuit to the Voutl
right and determine that the circuit acts as a high-pass filter L
when you measure the voltage across Z2 (Vout2). What kind of 1
filter would you have if you instead measured across Z1
(Voutl)? Vin +

a) high-pass filter @ z2 U Vout2

b) low-pass filter

¢) band-pass filter é
d) band-reject filter

e) Not enough information to determine the type of filter

E I Y ou must include units. 16 S. Han and A. Patterson
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9. (1 pt) Describe how you would measure the current flowing through a resistor using the M2K or
Analog Discovery 2.

To measure a current, you need to measure the voltage across the resistor, then use a math channel to
divide the voltage by the resistance of that resistor.

10. (1 pt) Circle one: what effect would replacing the ferrite core of an inductor with an air core have on
the inductance of that inductor?

a) decrease the inductance
b) leave the inductance unchanged
¢) increase the inductance

d) the inductance would be zero

E I Y ou must include units. 17 S. Han and A. Patterson



