ENGR4300 Test 1A Name
Spring 2005 Section

1) Resistive Circuits (25 points)

Part A Two series connected D-cell batteries power three loads over an extension cable
1000’ long. The cable is made using 24AWG (American Wire Gague) wire that has a
resistance of 27.3Q/1000°. The figure below shows this resistance as R1=27.3Q2 &
R2=27.3Q. Loads R3=1kQ, R4=800€Q2, R5=400Q and are configured as shown in the
circuit below. All calculations should be carried to three decimal places.
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R1=27.3Q R2=27.3Q R3=1KQ R4=800Q2 R5=400Q

a) What is the total resistance seen by the batteries? (6 points):

R45 = 800+400 = 1200 R345=(1000x1200)/(1000+1200) = 545.454
RT = 27.3 + 545.454 + 27.3= 600.0542

b) Find the current that will be drawn from the batteries (2 points):

VT = 1.5+1.5=3 | = VT/RT = 3/600.054=5.000 mA

c¢) Assuming all resistors are exactly their stated value, find the voltage drop across R3
and RS5. (6 points):

R3: V3 =V345 = VTx(R345)/RT = 3(545.454)/600.054 = 2.727 V

R5: V5 = V345xR5/(R45) = 2.727(400)/(1200) = 0.909 V
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d) If the last color band on all resistors is red (+/- 2%), what are the minimum and
maximum currents R3, R4 and RS together should draw from the batteries? (3 points):

Maximum = R345 + R345x0.02 = 545.454+10.909=556.363Q
Minimum = R345 - R345x0.02 = 545.454-10.909=534.545.02

Recalculate voltage
VR234 = 3(R234/RT) |R234 = VR3/R345

Maximum: RT = 534.545 + 2(27.3) = 589.145 VR234=(534.545/589.145)(3)=2.722V
lross = =2.722/534.634 = 5.092mA

Minimum: RT = 556.363 + 2(27.3) = 610.963 VR234=(556.363/610.963)(3)=2.732
lross = =2.732/556.363 = 4.910mA

Part B Now suppose our D-cell batteries are replaced by an ideal function generator (no
50 ohm internal impedance to worry about):

Ideal Function
Generator (having no internal impedance)
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VI1: VOFF=3V VAMPL =5V FREQ = 1KHz
R1=27.3Q R2=27.3Q R3=1KQ R4=800Q2 R5=400Q
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a) What is the maximum voltage at Vg referenced to ground (1 point)?

Maximum Vfg = VOFF + VAMPL = 3+5 =8V

b) What is the minimum voltage at Vfg referenced to ground (1 point)?

Minimum Vfg = VOFF — VAMPL = 3-5 = -2V

c) What is the average voltage at Vfg referenced to ground (1 point)?
Average Vfg = VOFF = 3V

d) On the graph below, using pencil if you have one, sketch and label the voltage at Vfg.
Start the drawing with Vfg = Vavg at time zero (5 points). (blue trace)

8.0V
4 ov L \ b \
o \ / AN /
-4_.0V
Os 0.5ms 1.0ms 1.5ms 2.0ms

o V(R4:1,R5:1) v V(V1:+)
Time

Extra Credit: On the same graph, sketch and label the voltage drop across R5 assuming
the waveform drawn in (d) as the input signal. Show all calculations required below (1
extra point). (red trace)

Since DC offset is 3V. It can be handled in the same manner as the 3 volts from
the 2 1.5 volt batteries. This means the DC offset of the voltage across R5 is
0.909V (from part c). We can also apply the procedure we used to the amplitude
(5V) to find the new amplitude

R3: V3 =V345 = VAMPLX(R345)/RT = 5(545.454)/600.054 = 4.545 V
R5: V5 = V345xR5/(R45) = 4.545(400)/(1200) =1.515 volts
The red trace has a DC offset of about 1V and an amplitude of about 1.5 V
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2) Filters (25 points)

Part A: You want to determine what type of filter the following circuit is.

Vin AN Vout

\Y \Y

@
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(@]

a) Redraw the circuit at very low frequencies. (2 points)

. R
Vin AfA Vout

A4 A4

J—

b) Redraw the circuit at very high frequencies. (2 points)

. R
Vin AfA Vout

A4 A4

A
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c) What is the value of Vout at very low frequencies? (1 point)

Vout = 0V

d) What is the value of Vout at very high frequencies? (1 point)

Vout = 0V

e) What type of filter is this? (1 point)

Band Pass Filter
Part B: You wire the circuit in Part A of this question on your protoboard with real
components.

a) Your capacitor, C, has “683” written on it. What is its rated value in microfarads? (2
points)

C =68 x 10°x 10° = 0.0684F

b) Your resistor, R, has an orange band, a black band, a red band, and a gold band (5%
tolerance) in that order. What is the rated value of the resistor? (2 points)

R=30x10% = 3KQ +/- 5%

¢) Your inductor, L, is long and thin. It has 300 turns, a core diameter of 0.5 cm, a coil
length of 5 cm, a wire gauge of 26 (diameter=0.4 mm). It is wound around an air core
(u=4n x 10”7 H/m). Calculate an estimate for the inductance. (4 points)

L = uN?2r’/d=47(10)(30072) 7(.0025"2)/.05=44.4 uH
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d) Based on the values of the components, give an estimate for the resonant frequency of
the circuit in Hertz. (3 points)

f=1/(27sqrt(LC)) = 1/(2zsqrt(44.44x0.068.:))= 91.6 K Hertz

e) If input a signal, v(t)=2V sin (2nKt), is applied at the input to your circuit, will your
output amplitude be less than, greater than, or about equal to the input amplitude?
Explain why. (3 points)

w=27K 2af=2Kz f=1000 Hertz

The resonance is at around 92000 Hertz. The band will pass only frequencies around the
resonance. The input frequency of about 1000 Hertz is not near the resonance, it will
not be passed, and the output will be less than the input.

f) You connect your circuit to a source and find that the actual resonance occurs at fj
hertz. Assuming you now have measured values for C, R, and the resistance of the
inductor, describe how you could use PSpice to get a closer estimate (than that found in
part c¢) for the inductance of your inductor. Be specific. (4 points)

1) Wire the circuit in PSpice. Model the inductor as an inductance and a resistance.

2) Set the values of the components -- R, C, and the resistance of the inductor -- to their
measured values. Set the initial value of the inductor to the value calculated in part c.
3) Place a voltage marker at the output, Vout.

4) Set up an AC sweep from 1000 to 1Meg Hertz. (The exact minimum and maximum are
not critical, but they must include the decade between 10,000 and 100,000.)

5) Run the AC sweep. The resonant frequency is the location where the output peaks.
(We know it will be the highest point because it is a band pass filter.)

6) If the resonance in the plot is above fo, then increase the value of L. If the resonance in
the plot is below fo, then decrease the value of L. Rerun the simulation and repeat the
process until the resonance is exactly at the experimental resonant frequency, fo.

7) The value of L obtained in this manner will be a better estimate that the calculated
value in part c.
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3) Transfer Functions and Phasors (25 points)

c
|
[

Vin } Vout

@

a) Find the transfer function for the above circuit. (2 points)

H(jo) = [R+joL]/ [(1/joC)+R+joL] = [j0RC-0’LC] / [1+joRC-0’LC]

b) Find the function to describe the behavior of the circuit at very low frequencies. Also
determine the magnitude and phase of this circuit at very low frequencies. (3 points)

Hio(j®) = [joRC] / [1] = joRC

|HL0| =0 LHLO =T7/2

¢) Find the function to describe the behavior of the circuit at very high frequencies. Also
determine the magnitude and phase of this circuit at very high frequencies. (3 points)

Hu(jo) = [-0’LC]/ [-0’LC] =1

| HHI‘ =1 ZHu =0
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d) Find the function to describe the behavior of the circuit at the resonant frequency in
terms of L, R, and C. Also determine the magnitude and phase of the circuit at the

resonant frequency. (6 points)

| 1
-——RC-—LC
H - e LC _(i-L Rre_1]x lw/LC
0 1 1 JLC RC
1+ ] RC — LC
JLC LC
.4/ LC
T
H,| = LC
’ (RC)

/H, =tan™ vLC
RC

e) Given the input signal pictured, find the values listed Include all units. (3 points)

2.0V-'-\
,

ov
\ / \ /
-2.0V
Os 2ms 4ms 6ms 8ms 10ms
o V(R1:2)
Time
amplitude voltage: 2V peak-to-peak voltage: 4V

frequency (f): 1/5ms =200 Hertz  angular frequency (®): 400% or 1257rad/sec

RMS voltage: 272 = 1.41V phase shift (¢): -2n(-1/4) = n/2 or 1.57 rad
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f) Assuming the input signal pictured and given values C=0.1pF, L=10mH and R=1K,
find a complex expression for the transfer function of the circuit at the input frequency.
Also, find the magnitude and phase of the function. (6 points).

_ jaRC-@’LC _ j0.1257-0.001579 _ j0.1257 —0.001579
joRC +1-w’LC  j0.1257 +1-0.001579  j0.1257 +0.9984

2 2
|- J0.1257% +0.001579 o125

J0.1257% +0.9984°

—0.001579 0.9984
(also acceptable «H =-1.569-0.125 = - 1.69 rad or +4.56 rad)

4 0.1257 4 0.1257
ZH =tan” | —————— |—tan = (7~1.569) — 0.125 = +1.44 or -4.84 rad

(Technically, the first is correct. The phase shift must be positive and between 0

and +712. The best way to get it right is to use reference angles (like in trig) to get the
correct magnitudes. Subtract the magnitudes and then, consider the sign based on what
you know about the transfer function.)

g) For the input signal given in e), what will be the amplitude and phase of the output?
(2 points)

Agut = Ain * [H| = 2 (0.125)=0.25V

Gout = ¢in + LZH=1.57+ 1.44=+3.01 rad or -3.27 rad
(also acceptable @yt =1.57 - 1.69 =-0.12 rad or 6.16 rad)

(Technically, the first is correct.)

(Different calculators calculate inverse tangent differently and they don’t find tangent
effectively in some quadrants. Since we never told them anything except that they
needed to take the inverse tangent, we need to be flexible with the phase answers.)
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information, we did not deduct for the phase calculation as long as it was substituted correctly into the
equation.

Name
Section

Calculating phases using the inverse tangent function
If the transfer function is given as a ratio of two complex numbers, then the phase is given by the difference
between the phases of the numerator and denominator:

. . X, + ]

it H(jo)=3%

then /H =tan™ (Lj —tan™ (ﬁj
2 2 Xl X2

If X1, Y1, X and y, are all positive, then the phase changes are all in the first quadrant, and the equation can
be applied directly with a calculator. If one or more of them is negative, then one must worry about which
quadrant the phase angle is in. The most reliable way to determine a phase change is to take the absolute
value of the x and y coordinates of a complex number, calculate tan™(|y/x|) to find the reference angle, use
the signs of x and y to determine the quadrant, and find the phase based on the reference angle and the
quadrant.

B B
o

i v

In the figure above, gis the reference angle for 6. We want to find 8-- the actual phase. tan-1(]y/x|) will
always give us the reference angle S. We can find #based on the sign and the quadrant:

X y quadrant O (radians) 6 (degrees)
x>0 y=>0 | p S

x<0 y>0 I z-pB 180- 8
x<0 y<0 "l p-x £-180
x>0 y<0 v -p -p

Note that all angles in the above chart represent a phase shift between -z and +z radians (between -180

and +180 degrees).

-10 -
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some examples: H(jw) = ﬂ
4+)3
numerator: A= tan™(]4/3|) = 0.93 (x>0, y>0, Q1)
~«hum = 0.93
denominator: £ = tan™(]3/4]) = 0.54 (x>0, y>0, Q1)
~tden=0.54

~ZH = ~hum - «den = 0.93-0.54 = 0.39 rad

-3+ j4
4-i3
numerator: 4= tan™(|4/3]) = 0.93 (x<0, y>0, Q2)
~hum =3.14-0.93 =2.21
denominator: £ = tan™(|3/4]) = 0.54 (x>0, y<0, Q3)
~ten =0.54-3.14 = -2.60
ZH = <hum - <den = 2.21-(-2.60) = 4.81 rad = -1.47 rad

H(jo) =

. -3-j4
H(jo)=——14
4+ )3

numerator: 4= tan™(|4/3]) = 0.93 (x<0, y<0, Q4)
~hum =-0.93

denominator: £ = tan™(|3/4]) = 0.54 (x>0, y>0,1)
~tden =0.54

ZH= ~nhum - «den = -0.93-0.54 = -1.47 rad

And now back to the test.....

-11-
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4) Transformers (25 points)

Part A In the transformer below, the value of the input inductance (the inductance of the primary
winding of the transformer) is ImH. You can assume that the coupling coefficient is 1 and that the
resistance of R1 is negligible. Use the equations for an ideal transformer to determine the following:

R1

L PR S W
@ §R2

0

L1 =1mH, k=1, R1 = 5Q, R2 = 5KQ, V1 =200mV

a) You would like the output voltage of the transformer to be 5 times that of the input voltage. What
should the value of the constant, @, be? (1 point)

a=>5

b) Given the value for & you found in part a, what should you set the value of the output inductance (the
inductance of the secondary winding of the transformer) to in order to obtain the desired voltage ratio?
(3 points)

a=v2/ M1 L2=a’2xL1l=25x1m=25m

c) For the case in part b, what will be the amplitude of the output current? (3 points)

a=V2/V1l 5=V2/200m V2=1000mV V=IR 1V=I (5K) I =0.2 mA

d) What is the input impedance, Zi,, of this transformer under the conditions given? (3 points)

Z=R2/a"2 = 5K/25 = 2002

-12 -
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Part B Applying an input signal to your transformer.

1:200mV 0.00s 20015/ 1 RUN  (The text at left is copied from the top of the scope display)
HP33120A - HP54600B ﬂ
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Cloze

a) Describe how you would set the function generator and manually adjust the scope to
get the signal shown above. Assume that the scope is connected directly to the function
generator as shown. Give specific details. (4 points)

1) Push the Freq button on the function generator. Set it to (1/500.)=2K Hertz.

2) Push the Ampl button on the function generator. Set it so that the mV pp is equal to
200mV (This is % the desired peak-to-peak voltage.)

3) Set the Volts/div knob on the voltage scale is 200 mV.

4) Set the Time/Div knob so that the time scale is 200.s/.

b) Describe two ways that you could verify that the output signal has the correct peak-to-
peak amplitude voltage using the scope. (2 points)

1) You can use the vertical scale on the scope display. The peak-to-peak voltage of the
trace goes from -200mV to 200mV. So the peak-to-peak voltage is 400mV.

2) You can push the VOLTAGE button and the Vp-p soft key. The peak-to-peak voltage
will be displayed underneath the scope display.

-13 -
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c¢) As you are setting up the input signal, you notice that the function generator and the
scope display a different value for peak-to-peak voltage. Which is correct, the function
generator or the scope? Why? (3 points)

The scope is correct. The function generator assumes that there is a 50 ohm impedance
attached to it. Therefore, it displays %2 of what it is actually putting out. The scope has
an impedance much larger than 50 ohms (1Meg). This discrepancy causes the display on
the function generator to be incorrect.

d) Once you have set up the correct input to the circuit, you attach the transformer circuit
and observe the output. Based on the ideal behavior of a transformer, sketch the expected
output voltage on the scope screen below. (3 points)

1:200mV 0.00s 20045/
1:200 m & 0.00: 200ps! & 1 RUN

e) When you observe the output on the scope, the amplitude of the output relative to the
input is less than expected. How could you change the input signal to force the
transformer to act more like an ideal transformer? (3 points)

Increase the frequency of the input signal.

- 14 -



