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Quiz1
Fall 2018
Name SOLUTIONS

Section

Question 1 (20 points)

Question 11 (20 points)

Question 111 (20 points)
Question 1V (20 points)
LMS Question (20 points) (graded on LMS)

Total (80 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. Unless otherwise stated in a problem, provide 3
significant digits in answers. Read the entire quiz before answering any questions.
Also it may be easier to answer parts of questions out of order.

E I You must include units. 1 P. Schoch and M. Hameed
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Capacity
continuous, to 1Vicell

Comments

JaUU0T)

Weight
(gm)

Size
(in)

mAh)@ (mA)

(

(mAh) @ (mA)

Voe
V)

Rint
(Q)

Type

v "1604"

35
40
L]
35

0.65x1x1.9

10
10
10
a0

160
130
470
950

300
400
500
1000

35

Le Clanche

9

Heavy Duty 35

Alkaline

5 260mAh@100mA
5 Kodak Li-MnO,

2
18

25

9

Lithium

P. Schoch and M. Hameed
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Analog Discovery 2 partial set of Specifications -
Analog Inputs

Channels: 2

Channel type: differential

Resolution: 14-bit

Input impedance: 1MQ)||24pF

Scope scales: 500uV to 5V/div

Analog bandwidth with included flywires: 9 MHz @ 3dB, 2.9 MHz @ 0.5dB, 0.8 MHz
@ 0.1dB

Input range: £25V (£50V diff)

Input protected to: £50V

Cursors with advanced data measurements

Captured data files can be exported in standard formats
Scope configurations can be saved, exported, and imported

Arbitrary Waveform Generator

Channels: 2

Channel type: single ended

Resolution: 14-bit

AC amplitude (max): £5 V

DC Offset (max): 5 V

Analog bandwidth with included flywires: 9 MHz @ 3dB, 2.9 MHz @ 0.5dB, 0.8 MHz
@ 0.1dB

Slew rate (10V step): 400V/us

Standard waveforms: sine, triangle, sawtooth, etc.

Advanced waveforms: Sweeps, AM, FM.

User-defined arbitrary waveforms: defined within WaveForms software user interface or
using standard tools (e.g. Excel)

Power Supplies

Voltage range: 0.5V...5V and -0.5V...-5V
Pmax (USB powered): 500mW total

Imax (USB powered): 700mA for each supply
Pmax (AUX powered): 2.1W for each supply
Imax (AUX powered): 700mA for each supply
Accuracy (no load): £10mV

Output impedance: 50mQ (typical)

Voltmeters

i

Channels (shared with scope): 2
Channel type: differential
Measurements: DC, AC, True RMS
Resolution: 14-bit

Accuracy (scale <0.5V/div): £5mV
Accuracy (scale >1V/div): £50mV
Input impedance: 1MQ || 24pF
Input range: £25V (£50V div)
Input protected to: £50V

You must include units. 3 P. Schoch and M. Hameed
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I. Voltage Dividers (20 points) As stated on the cover page: Round answers to 3 significant

digits.

Show formulas first and show your work. No credit will be given for numbers that

appear without justification. Note: Pages 2 and 3 of this quiz have background information.

Batteries and other voltage sources can generally be modeled by combining an ideal
voltage source and a resistor. The circuit below is set up to characterize the voltage
source shown in the red dashed box. Six different load resistors are connected and the
voltage V(OUT) is measured. The results of the six trials are listed in the table below.
Note that there is more information than you need to find the source voltage and
resistance.

i~ - Trial | Rload | V(OUT)
AN 1 1IMQ 12v
? ohms 2 100kQ | 11.99V
Veource .| 3 Bl 3 | 10kQ | 1194V
2vde T 4 1kQ 11.43V
. 5 100Q 8V
—]:—o 6 109 2V
a) Find the source voltage Vsource. (4pts)
Since Rload>>Rsource during trial 1, we can approximate V(OUT) as Vsource.
Vsource = 12V
b) Find the source resistance Rsource. (4pts)
Consider trial 5. Current through RLoad (same as current supplied by source, and going
through Rsource) is 8V/100Q = 80mA.
Using voltage division, voltage across Rsource=4V (Vsource — Vout)
Rsource=4V/80mA=50 Q.
Rsource = 50 Q
c) Given RLoad=100Q, find the power dissipated by each resistor Rsource and Rload.

(4pts)
Prsource = VI = (4V)(80mA) =320mWwW =0.32W

PrLoad = (8V)(80mA) = 640mW = 0.64W
0.32W

PRrsource =

PRI_oad = 0.64W

You must include units. 4 P. Schoch and M. Hameed
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d) Verify that power dissipated by both resistors is equal to the power supplied by Vsource.
Use the same RLoad as in part c. (4pts)

Power supplied by Vsource= VI = (12V)(80mA) = 0.96W

PRrLoad *+ PRrsource = M_(ﬂ'om pl’eViOUS part) Pvsource = 0.96W

e) Which of the following type of resistors will work for RLoad in these six trials? Assume
all six resistors are the same type, and then circle all possible answers. (4pts)

vour? 8x8
P =max( )= — =640 mW
max RLoad

100

1W and 2W resistors will work!

v e @ @

E I You must include units. 5 P. Schoch and M. Hameed
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I1. Resistor Combinations, concepts and miscellaneous (20 points) Please note that pages 2
and 3 of this quiz have background info.

a) Find the resistance between node A and node B, Ras, and resistance between node B and
node C, Rec, shown in circuit below. (2 pts) Rpe= (R +R [ Ry

= 6k 3k = 2K

VOFF =0
VAMPL =6V @

-
=
Rec= Ry I Rell (R +RS)
Rap= 2K Rec= | Ko = 4Kl 2k 4K

= |K s
b) Find the peak voltages at points A, B, C, and D (4pts)
P&&K Souyce Vo H‘l).ﬂ,@ = 6 V

Pﬁo\K \foH‘o\,?@ at A} V, = 6V

B b4 K Va=_6V
Peak  Voltoge at B, Vg = & (——éK>: kv voe 4y
Peak  Voltage at €, V= e(_f% =3V ye=— 3V

Peak. \mlhﬁe ot D, \/b = OV Cé,ub) Vo= OV

E I Y ou must include units. 6 P. Schoch and M. Hameed



ENGR-2300 Quiz 1 Fall 2018

¢) Find the peak current through resistor R6, i.e. 2.2k ohm (3pts)

R¢ 1 - OZSVV\A = 2—50/4'4
Re +R 4 IS

IR6=£&A

d) Current through resistor R6 is a periodic waveform. Find its time period. (1 pt)

VOH‘b\ﬂﬂS omd  Cuvvembe ol s F@u/\i’ m Cvewt = 4— = 1 _[osms
£ 2kHz
e) In the figure below, the same resistive network has been redrawn without the voltage
source. Draw lines to represent the wires you need to connect to determine the voltage
across Rgi.e. voltage between nodes C and D, when input voltage is SV DC using only
the Analog Discovery (no additional instrumentation). (3pts)

Trigger In (Gray) C h 2_ la A
Ground (Black)
R1 R2 Waveform Generator 1 (Yellow) MO be.
LY S Sa— ed
A 4.5k 1.5k B . ) uA To
Ground (Black) Dlg(giar:k"%rse'g:a‘s
R3 " " v, 4
Wy R6 Scope Channel 2 Positive (Blue) Furple, Brown) <~
* 2% Seopa.Chansel 4 Bt (Crange PLAAMY taord
-
Cam ala vosy |F
O (A-Se' a* % 1+2+ $ VWIS TI 01234567
R7 ° s 8 o . ®
W| ov W2 1.8 EEERRREREE
1-2- % V-W2%T0 8 9 101112131415
oL PC 5V Souvee
C Scope Channel 2 Negative (Blue/White) Digital l/O Signals
< R (Pink, Green,
: 3K Ground (Black) Purple, Brown, all
V- Power Supply (-6VDC) White) with White stripes)
= D 2(v
r Ground (Rlack)

Trigger In (Gray/White)

f) What voltage will be measured in part e, i.e. across Rg using the Analog Discovery? Give
your answer in Volts. Hint: Add the input resistance of Analog Discovery channel. (3

. pts) v - 5y Re | RSooFe
/(‘,s’,v CD Cmeat-) <
sv = - - 5\,(2%'@3
DC 59910 3
Rg Rscope
=3k =‘Meah_
=5 ' VCD(meas.): 2 L\' 0, 6 V

E I You must include units. 7 P. Schoch and M. Hameed
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g) Give a short explanation of the procedure you would follow to plot the current through
resistor Rg using Analog discovery board and Waveforms Software? You did something
similar to limit the current to about 25mA through the current-limiting resistor in
Experiment 3. (1 pt)

Ab\ol/()fa, Dt‘Scovova, ComnotT  make divect current mosanvemenln -

\/OUL L/OOMO\ V\e,f_A _{b Mmea Al ye VOH‘U\%& acyo3s R& Mr‘ma, Sc,oFC,
Chl or chz omd then Create a Math channel whickh doea
&Nl /3000 A o On 2 /3000 A “o’c/&"’cc’hlw .

h) What is the capacitance of the capacitor shown below?

o-oégjbt F_(1pt)

3 —
C =68 X(o pF

= é<TS\/\F
‘ ‘ - O.06% /U\F

(1 pt)

1) What is the resistance of a resistor with the following color code? 6-3kat g /A

L 3 2 ]
— Blue Orange Red gold F——

j)  When defining the VSIN component (sinusoidal voltage source), indicate any two (of the
four) parameters that are available when you place the part. (1 pt)

Am';bixmke, FMQVIV\M\.CM
OHSUC AcC

E I You must include units. 8 P. Schoch and M. Hameed
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IIL Filters & Transfer Functions (20 points)

] 3 10——4;\2)., - ® 3
" 83
BL Jel C/\jc«.ct
260 _l_ 4 4 2e j=_ % 4
A B

R
1 *+——Wv
48

a) Shown above are basic, two-element, passive filter configurations made with RL and RC
combinations. Determine the general complex transfer function for each circuit in terms
of R, L, C and frequency o, by modeling each as a voltage divider. This is an AC steady
state problem. (2 pts)

)

fwl Twe '
\¢
A) RL: VOUT = & s ’_;)_'_ﬁ__ B) RC: VOUT = _Iég_ — ‘“_:A N } /f o
Ve Vi d’(w wl Vv Vi ﬂ‘; | 4 J wrlc

b) For both circuits, what are the magnitude and phase for low frequency, but not zero

frequency? (ZE\ts) . 00/\0 v Meg (&/\a G
7 o 4 X "

CircuitA | vwl | /wt 4(3“”)‘4’? Circuit B ) = ) 5 o
,«2"“" 3 ’R’ == Q,) =i = (-)
= C?CZ\TO — _
o 90 )

¢) What type of filter is each? Choices are as shown on the Crib Sheet: low pass, high pass,
band pass or band reject. (2pts)

Circuit A /%’j [\’ﬂgﬁ Circuit B Z du /2‘ &

J'

d) Given: L=5mH, R=1kQ, and C=1uF. Find the corner frequency for each 01rcu1t G}

the value of both wc and fc. (4pts) IR / / we
Circuit A -~ Circuit B —
® Re ' 3)7197°,
ﬂ / 0,}J (j LA
W= —. ZX’U re A*” J /
AT LT D s vt W = 0N ra d fra.
5 SL L 3 B Bo (69 M3
E I You must inclu e’\umts B 9 P. Schoch and M. Hameed
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§<) /«\

e) Given the three transfer functions phase plots below, plgﬁe correspondmg function

from the ones provided. Write the letter of the transfer function in the space

) /Fall 2018

provided.(6pts)
== ; +R
a) H(jw) = —3€ 9 H(jw) = —C
E+R+ij — +R+jwl
j
1 ;
ol juc 198
b) H(w) = J &)  H(jw)=—1
E+R*jUL ;+R+juL
j j
c) H(jw) = R f) Hijw) = R + jwl
J‘_,,_C+R+JWL ju—1+R+ij
100d
e
i
504 -
" Transfer function letter: 7 —
..... Transfer function letter: _—
0d L Il ! |
od
‘\
e —
—
-100d
- Transfer function letter: <A i —
~2004 L ! ! I f
0od
N
-50d \\
- Transfer function letter: ~———
-100d L ‘ ! ‘ 1

1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz

Frequency

) For the circuit shown determine the magnitude and phase angle Re

1.0MHz

Y

of the voltage across L2 given that V2 has a magnitude of 1V,

IV2 il é' L2
a phase angle of 0 degrees and f=2kHz. (2pts) C"{‘D 3 s
Ve = H=)y v =0 T '
v - - A \ -0
oa e /"}«»’dﬁh) ly 2 /,’IGX/OL/)»,(,J/
H ()7 - | "
N/ , ) ~"
J ) wil ( JJ(_/‘?»(?-*’UN }(C\rr:) ) ‘J b9
Jovo 4 \(Lre V’U ’Wfom T fgeo s 618
o ) o

(9 14
Vst rcoe

Hjw ) U8 gl o

V]2 O, 864

10

{Ak | »~‘*“
4(@:

-3

You must include units.

P. Schoch and M. Hameed
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g) The plot below shows the voltage applied to a 1uF capacitor (C2 in the
figure.) On the blank plot, sketch the current flowing through C2. You

Quiz 1

Fall 2018

il % = 2

must assign values to the vertical axis and label key values. (2pts) T 1
Y 4
C" Lr ? . - > ;"‘ / —
t_’* 4 e . i:‘i 6%43’\, /8C ¢ ’ 0!
/ ( D 2Ce$ AV,
. e \._‘\ . i -‘g?'&_‘t
1.0V ﬁg‘ # —
\ -
P C
ov
SEL>>
-1.0v
o vi(cz)
@ e < ——
]
—t — i
oy P i i‘
[]
-4 - ﬂ i R e
, v |
L Vin A) 0s 0.2ms 0.4ms 0.6ms 0.8ms 1.0ms
ik O 1(c2)
JEESE Time
-— "
‘ / -
- Y. , ol vz
f/’ 0 b C r ) ﬁ 5» ’\ . v J (, - C I
y
N é &‘ ' a,' ) - (A ) ,,.}
/r( ={/ 0 ’Kf’\ v ) - 3 (
- f > 4
‘ U o#

Ef

You must include units.

11

P. Schoch and M. Hameed
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IV - Signals, Transformers and Inductors (20 points)

Vin ™ Vout

A
Vsig ; 73 | |
VOFF =0 @ Relg

VAMPL = 2V I R g Rload
FREQ = 20k
AC =2V IN I)

L1_VALUE =5mH —,. L2 VALUE = 125mH

"0
Given the circuit above with Rsig=100Q, and Rload=5kQ, assume an ideal transformer with

full coupling.

a) For the given information, determine the turns ratio, a. And determine the ratios
Yout/Vin, lout/lin and the transformer input impedance Rin. (Rin is Vin/Iin) (6 pts)

[ I, 1,0 & \ y ?
v \r\ Gl y i) 1 - YA (;Lt« A -~ t {
/i - - crmm— a=
f\f‘ / ‘ = i
Y 4 v, . e o - 4 Vout/Vin=
", g Ca v 2 ¢ ~—~ !
v
77 ) Iout/lin=
(4\ o rf) ! J
) . N AT A
{ W rm—— - ¢ = i’
‘ 4 " Rin=_« ,

b) Draw the circuit diagram for the voltage divider consisting of the signal source resistance,
Rsig, and transformer input impedance Rin from part a). Then solve for Vin (voltage
across the input terminals of the ideal transformer) and Vout, the voltage across the
output terminals and the of the ideal transformer. Assume the phase of Vsig is zero
degrees and give the answer in the form of v(t)=V1Cos(wt+81) (4 pts)

“oen

A{f‘\h — v /). ] &5 27 Viny=_ > (9s LT

, X
9 e/ b

. N Vout(t)= m b)) cos

4 rd
3 L’ f [ZEW
4

N 7 . . ; .
¢) Determine the amplitude of the primary and secondary currents (Iin and Iout). This is
just the magnitude not the time domain form (2 pts)

’(/ /- s ‘7 Iin:

Iout=

E I You must include units. 12 P. Schoch and M. Hameed
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d) The experiment was repeated with different number of turns for L1, the primary
windings. Complete the chart below given the different values of a, the turns ratio.
Keep other values of part a) (6pts)

a Riv ~ Vin Vout

10 S ¢ ) N E6 )L MY
7 g LN QL ) v b
4 2} i ) V 04 b

¢) Ofthe different values of a, the turns ratio, in part d), which will dehver the most power
to the load, Rload? (2pts) /- ;

,,,,,,

J

Comment: Maximum power to the load is desired when detecting signals, such as with
the detector for a satellite dish or cell tower receiver. The load is the sensor. The signal
source and the signal resistance is the antenna. Transformers are often used to match the
source signal to the detector. The power grid is very different. For power distribution it
is more important to maximize the efficiency than to maximize the power to the load.

E l You must include units. 13 P. Schoch and M. Hameed



