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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.
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a. (6 pts) What is the voltage at point A in the circuit above?
12 = 1004200 = 300
A . Rig» Rs _ 300100
Let Reg = RunllRg, Roeg = Ry +R5 300 +(0 751

Ree
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b. (4 pts) What is the current through R4?

1

\/I "VA

~N
1
13

80 m A

E I You must include units. 3

= 1OV=4V = 11 = Vi

P. Schoch and J. D. Rees
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c. (2 pts) In the circuit above, the voltage source represents some 9-volt battery with battery
resistance Rpay, which is not shown. Draw Ryart in the correct location in the circuit above.
(This may require you to draw a resistor overtop of a wire.)

d. (4 pts) You use a voltage probe with a very high input resistance to measure Vour and you

find it to be 6.4V. What is the value of Rpan?
200

R, IR, =LrRae amp Vot 264 = T* Somm1Rbht
fZ'L-HQ«_{
£.Y 400 +4.4+Rbat) = 9300 Réott = 21.97¢ N,

e. (2 pts) Suppose that you instead measured Vou using a voltage probe with much lower input
resistance. How would this affect the voltage measured at Vou?

T/q.'; Wouli cavse H\t’.’ mm,(urg’é Ucv(v‘frj(
‘7‘0 Jrof‘

f. (2 pts) Name one reason that two 9-volt batterics might have different resistances.

One éaf/ﬁ/y may be  more «lcl,/p,LeJ than
m\oﬂ«er.

E ' You must include units. 4 P. Schoch and J. D. Rees
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I1. Resistor Combinations, concepts and miscellaneous (20 points) Note: Page 2 of this quiz
has background information. The crib sheet may also be useful.

The following circuit consists of 8 resistors and there are 4 voltage markers at points A. B, C.
and D. V1 isa DC voltage source which can be created using W1 of the instrumentation board.

Note: several of the following questions are independent of each other, but not all.
A B C (D
R1 R2 R6 R7 {
2k 2K RS 3k 3k l
[ " r3 Ra T4y ]
vi AP 3k ‘
VR " 4 " - 1
. ?7? 7 v ‘
2k >
& 1

B P e o Vit . o syt AL B RO A O

(m

a. (4 pt) It is desired to have the effective resistance of R3 combined with R4 to be 4.8kQ.
Using the table on page 2 of this quiz, standard 5% resistor values, pick resistors for R3 and
R4. State the resistance of each. If these resistors have 5% tolerance, what is the 4-band
color code for each resistor? You should note that 4.8k isn’t a standard value.

R3 value: 30K Color bands: ©r4~¢ black red .7")‘1

OV\ { ofr/ SoN

R4 value:

l.&k Colorbands:lb'“" Jry red  gold

b. (3 pts) If the voltage is measured to be 2.5V at point B, what is the current through R7, R8,

and R5? Be sure to include units on all answers.
I(R7) O.131~A

I(R§) &-9t7 PLS

AnSweér on newt Pnge [(R5) O-§85¢6~A

c. (2 pts) What is the equivalent resistance between points A and B? Call this Rag. Use part a.
for the values of R3 and R4,

(R +R. ) (ng 1Ry) (k) (q.skj

RAB 2 =
Ry 4Ry +Ray t Ry 4+ 4.8k R V€2 S

E ’ You must include units. 5 P. Schoch and J. D. Rees
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d. (2 pts) What is the equivalent resistance between points C and D. Call this Rep.

Q.0 BetRy)Ry &k .2k
o 3 o E s = [ 500
Qg 4R + Ry §k +1k Rep 150017

e. (2 pts) Redraw the circuit with 3 resistors, Rap. R5, Rep. Label the resistor values and mark
points A, B, C, and D.

A B c

2192 ik 15K P
Y ——— :
R a K Rep

<

f. (2 pts) Using the figure you drew for part e., if V1=4V what is the voltage at point B?

_ VY | {9V
IE N ™ = 0%91.A VB=_2_

Rap +Rg 4 ¢,y 2192 +31c 41,5k

Vo = 9V =08 Ty = 4= mposernio) = 2 g0 v
Rap

,m I You must include units. 6 P. Schoch and J. D. Rees
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g. (5pts) Wire this circuit shown for part a. by drawing lines on the figure below. Use the wave
gen/signal gen to provide a signal for V1, which is point A. Use channel 1 to measure the
signal at point B and use channel 2 to measure the signal at point C.

Trigger In (Gray)

[ \ Ground {Black}
1 W aveform Generator 1 (Yellow)

>
V+ Power Supply (#5VDC) (Red)

Digital I/0 Signals

-
. a o< Ground (Black) Pink. Green
~ E . Broy
Scope Channel 2 Positive (Blue) Purple, Brown)
N

Scope Channel 1 Positive (Orange)
B AVIWIETT 012 I A 56T

0 9 % % a0 9

1.2 V- W28108 91014 12131415

|
“ |
b cope Channel 1 Negative (Orange/White) j
- ) g | Scope Channel 2 Negative (Blue/White)

Ground (Black)

Digital I/O Signals

S |
W A
. 2.3 [

~ < < [‘ f V- Power Supply {-5VDC) White)

x t‘,,\g | iy ]
< ] Waveform Generator 2 (Yellow/\White)
1

(Pink, Green,
Purpte, Brown, all
with White stripes)

[
wz /
x > N [ Ground (Black}
- 1 '}
i { Trigger In (Gray/WWhite}
L ——
{ o

Draw lines between the 2 figures to indicate wires. Both the M2K and the AD2 have the
same wiring and colors. W1 is called Signal Generator on the M2K and Waveform

Generator on the AD2.

P. Schoch and J. D. Rees

E I You must include units.
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IIL. Filters & Transfer Functions (20 points) For this problem, assume AC steady state.

c R 'wl
R /‘:-‘: /"I"L L V. ﬂrJWL
2 Vo Rtec, o4
of 4 'uﬂd— =
Al = s 4 B

+ 3w Ac
1) Filters: Use figures A and B above to answer the following questions:

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

Vo V. ywRc V.. v w b
A)CR: 2L =% - B)RL: L= o ——
Vw Vi “_}wﬂ( VoV /(}‘JWL

ﬁﬂt)\m ¢ \k

b) (2pts) For both circuits, what are the magnitude and phase for low but not zeré{lgiex J

| - K¢ - W
Circuit A ’N‘j - W 3 WKC Circuit B ma) - "ﬁ‘"

ﬂAlﬁ: 3;6703 (p(-r\> 90

o

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

Circuit A 4%: H:?I //),.9; Circuit B A'%Z /7u§(

d) (4pts) Given: L=40mH, R=2kQ, and C=0.20nF Find the corner frequency or this

question for each circuit. Give the value of both wc and fc. I
Circuit A L I l Circuit B (o= mi= [( = v L/
- : | w e
Corne— wlae | L] J e 5 R/L

. o~ ‘
W = b o
R ( 2‘ S X’ V‘(J“.—/ﬁok w ~ gqx/aq a J.:-'-) /sPL

bz 399 ke F :72.9¢ He

E I You must include units. 8 P. Schoch and J. D. Rees
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2) Transfer functions: Use the figure shown to answer the following questions

a. (5 pts) Find the transfer function of the
circuit shown. Simplify such that there
are no fractions in the numerator or
denominator of the transfer function.

H(jo) = Vout(jm)/Vin(jo) m—m
Ry L s *hee R (D

e # iR
! Kf ‘4u-c. ““Wﬂc

V} iw L " }wL-"
4

-y
L2

" i
Vie el + Rl 52 jwl#

W
= ol F (R~ w"ﬂLd)
b. | (4 pts) What is the magnitude and phase of thetransfer function when the frequency is very
small (approaches zero)? And what is the magnitude and phase of the transfer function when
the frequency is very large (approaches infinity)? wl

\ - ~ J
W snac [»}(\)W) ~ ,_J,:"_._!_’. R T /)}I‘uf 290

8
fo /Wﬁﬂ l’l()\\/\‘\] ~ YW/T T FLML; O .

¢. (1 pts) Is it possible for the magnitude of the transfer function to be greater than unity?

T LE wvroance )
Circle one: or No f / ) 4 - ,/_

R
H(w]z i #ic %L

————

jw b * (1‘:.*6',('“')

= )E“’f H (2 a:)*@L
y Ve e
’huu(—-//'v'> ‘clruwdlu~/

E I You must include units. 9 ’ P. Schoch and J. D. Rees
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IV — Phasors and Transformers (20 points)
Rsource "“t
i Vsource | %ill LZ‘ Rload

kiLiL21

1) Assume L1 and L2 form an ideal transformer with full coupling. The transformer has these
specifications: L1= 180mH, L2=20mH, Rsource=90Q, Rload=20Q

a. (8pts) For the given information, determine the turns ratio, a. And determine the ratios
Vout/Vin, lout/lin and the transformer input resistance, Rin. (Rin is Vin/Iin) This isn’t the
resistance seen by Vsource.

2)‘:’-‘ > 0.13 _‘,/‘._:-.}\:q 2037 =_0,33

ey Vr
- Vout/Vin=_ 0, 3
I:w”R . /L.. g . ﬂ‘_"d 7 R ou m=
E:M -~ a ﬂ . a\. l-—’- Tout/lin= 3

9-2027/800 Rip= 1QUN

b. (2pts) If Vsource is a sinewave with a 10V amplitude at SkHz, what is the amplitude of
jurrent lin? As with all problems, include units and show your work for partial credit.
[ l -~ |V - l lin(amplitude)=__ % / 7 A

/au\ d{‘“'o.( "'\
’“-—————-— — 27»\./‘)

¢ (3pts) The ideal transformer model assumes that se‘ff-mductance L1 and L2 are infinite,

B— .___J

ioL1| and joL2| approach infinity. On the practical side the transformer i 1s close to ideal if

jwL1|>10*Rsource urce and _[]a)LZI >10*Rload Just looking at L2, for what range of frequencies
will this transformer be close to the ideal?

W - L2 >0 0?(,.»..:‘ Conditions on f: / s /TH"_
W > ("'40 9‘4 - /0 » 2() ~ /OOJ)ru:)ra-l /)Pn..
L % N / »
L TEL2 = | 5T AHe

2T

E I You must include units. 10 P. Schoch and J. D. Rees
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2. Phasors: This circuit shown has 2 complex impedances, Z1 and

72, connected as shown. 2L T

Given the polar form of the phasor of Vin: Vin = 10V 20° 6"“[‘ 72 |
where 10 is the amplitude and 0° is the phase angle. And that '

phasor for Vzl1 is Vz1 = 4V £30° (Again this format is a . gt |
magnitude and a phase angle.) %’6 |

a. (Ipts) Give Vzl in Cartesian form, Vz1 = a +jb, find a and b.

o Q:d(:c{(m,}‘)o:;..f‘ az=3qb , b=t

“1 )

L D oa ~ 20° = B '\ s
K(’ .53 d. = L({tm‘; ; (/‘4_‘ -(l).h(“"2\)) n.,

b. (2pts) If Z1 ism just two components, OHGM
capacitor or aty inductor? s ” .
fhase of 24 7s /‘""'}“'{ = Sk
2 =Krowt -7 ﬂ"'"J""' /7“5.
i huse f 2= phose Frareton )
’m—_ 2= ,i_t:}_-——-—- f . --JL““’ o driomine
R '"J"’L' - C7¢) - (soml‘{\o"‘) /.”ﬁ

j

/\A ).' 1~W -~ 90 ¢
s ¢ a hege7 2/
KC raall J fk‘y 0(.4_ = /05.}0J
f agr
c. (3pts) Determine Vz2, the voltage across Z2 in Cartesian and polar form. vy V.
VR

U > o, 4Var  use (Ltesin (I#)V 2 3.6+ )

N oyt .
040/“-— lbti-\.l=1) .ot 3 2 G.9%Y

- & . o
g Vs, = tun e = T4%

3. (1pt) Give the names of 2 of the people teaching this course. This can be first names or last
names and can be the professors, teaching assistants, or undergraduate student assistants.
Spelling doesn’t count. Using their Discord name is also valid.

Jaul " Sohs 'I‘; p) /-'—-, Jef’or/ 24", phe 2, L;“’/ Qct{ Y I

P f‘*. 1Y / » A'Ui- > “V
‘GA 3 ’ ’il P‘“’/ V?—O/I/(Klul)(&)/u ]uq-—; ,CA/. )/g' & AN/ ) / |
ﬁ} You must include umits.” 11 o s s P. Schach and J. D. Reg
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