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Adhere to the Purdue Honor Pledge. Sign the statement above before turning in your exam.
This is a closed-book, closed-note exam. No study materials should be visible or accessible
during the exam. Use of a TI-30X IIS calculator is allowed.

An optical scan sheet is to be used to record your answers to the multiple-choice questions.
Write your name, section number, and student identification number in the appropriate
blocks on the optical scan sheet. Mark the corresponding letters and digits.

For each question, determine the answer and then select from among choices “®” through
“®” the one that is closest to it. Mark the choice on this exam and on the optical scan
sheet. Only the choice marked on the optical scan sheet will be scored. Your work to
determine an answer may be reviewed as part of an academic integrity assurance process.
All questions are equally weighted but are not equally difficult — manage your time wisely.
If you need extra space for a question, use the bottom of the facing page. If you need more
space than that, raise your hand and a proctor will provide an extra sheet of paper.

You have 120 minutes to complete the exam.

You must turn in (a) the optical scan sheet, (b) all pages of this exam, and (c) any extra
sheet(s) provided by a proctor.



Potentially Useful Formulas

Response of a first-order network to step change of piecewise-constant input at to:

x(2) = x(0) +(x(t,) — x(0) )e " for t>1,
Gauss’s law in one dimension:

s _p

dx ¢
pn junction depletion region width:

2¢ N +N

W= [ Ry y,)
q NaNd

MOSFET Ip-Vps characteristic:

0 for Vi, <V,
Ip =1k [(VGS =V )Vps _%Vgs] for Vis <Ves =V;
k[ 3 (Vo5 =V, )] for Vs 2V —V,

Learning Outcomes Question
1

LO

The value of any
necessary material
or device parameter
will be provided in
the question.

Points Score

i.  An ability to analyze linear resistive

circuits.

ii.  An ability to analyze first-order

linear circuits with sources and/or

passive elements.

iii.  An ability to analyze electronic
circuits with diodes and transistors.
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What is the value of Vy in volts? 1
@ -7 ® 5
@ -5 @ 6.333 7V 529 L,
®o0 ®7 }
@2 OF ?
@3 12 =
sv(®)  Sua
b

J-E5v) = 12v

lZv lx < LA

PR =Lx

6.2

Vi = v - Za)(24) = 3V



What is the value of I in amperes? 30

o1 o5 W

1 8

%i ?0 12A<T> 60 60< |1, 69§
®4 @) 12 =

6 3.4 Vx

—42 v "L ¢ (%

Ve = ( 6““""‘“:&) = (L)(720) = Vo

C‘\_\ (.’:Q"-



What is the value of Vy in volts?

D -36
@ -20
3 -16
® -4
G0

6 4
@ 16
(® 20
@ 35
19 60

= DA

4ov -av= v

A——AA-
+ \
\ QS
V. 3A\2 \
\ I g.ﬂﬁ
- ~|
Ve ~20v



What is the value of I in amperes?
@ -0.5 @025 T @
@) -0.25 @ 0.5 12V C-)
(3 -0.125 1 4Q
@®o0 (9 1.5
() 0.125 2 T jag
6v( T @2 Q
T, 1T,°* -'[*
- ~ e

~6r U(T,~T) + 2(T)= 0

I1_‘I|=L
Te = 10T
I\: qt* < *

-6+ YT, * 2(101)=2

2041y = G

oI,



For Questions 5 and 6 consider the following
network model obtained via nodal analysis:

5. What is the value redacted by Box A?

@ -8 ® 1
@ -6 @2
® -4 @
@ -2 @6
®0 8
6. What is the value redacted by Box B?
Mo.1 @ 0417
() 0.125 @ 0.5
(3) 0.167 0.875
(® 0.25 (924
(5 0.375 10
V, - vl . Ve \/3 ' ‘_\f-%
z B €
V=%
Vz _ L‘ + r _ Yz + VL
7 Noow g
?—,-E—' 4 Y_‘_’ - \./f. = Y
Y g y
{ i _ |
s
q Yt 2N — BV PH
(1B VI 4B

U

T
-V
Y_ﬁ-———i’fz*'v:*-o =<
Y —_
[
> sz = Ve Ve,V
] v ¢

T2H e 3V -3V, 4oy,

-z4d 2 BV, -3y,



For Questions 7 and 8 express voltage Vi in
the following form

Vi=a1Va + a2l 1Q § I, 5 3Q
7. Whatis the value of a;? v, <+> .
@® -1 @y — ’_<:>—‘ -
@ - D 30 § 5 1Q
3 % Y
@ % ® %
0-
CEAN 1 T

1H
8. What is the value of a? M

® -1 ® %
@ % @ % o 2.0
® % Q. Vs, Vi
@ -% O %

2.1
® % @® 1 8-

(,.q‘::xb ) (Vs,) 7 Vx due o Vs

ORA
—
@ |4 Ll T Y1 Tsq
S
T 30 | S l Y :[’1

Siace cath branon

Vx *1ve 4o 1}1:(|_4_)-;_'151 was equal resistonts

3‘H=H!5

+he covrod
5’ hvs evmhj .
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For Questions 9 and 10 consider the
Thevenin equivalent network looking into
terminal pair A-B.

9. What is the value of Vi in volts?
® -8 ®3
@ -6 @4
® -2 6
@0 @3
G2 12

10. What is the value of R, in ohms?

T =.
=1 2n
pv( 69§ !

@0 @4 Rp
@ 1.091 @ 6 —AN\—o0 4
(3 1.333 ® 8 +
@ 1.667 ® 10 Voc (_)
®2 1) 12
_—_OB
kvl: -1z tolry) + 2(6*+T)) +9(6tT) = 0
12 6Ty + 2T + 471+ 1212Y
Ren
W “24: 121,
A .Els"lﬂ
20
3 Voo = (11‘)("“‘)4 4%
24l o = 75: : Lecd
\
1.6
n
gv



11.  What is the value of i.(f) in amperes at

t=0.75sif R=04Q,L=0.5H, and

gt)=3u(t) V? ® v() R L él& ®
0 3
(2) 1.125 () 3.384
(3) 1.354 (® 4.116
(@) 1.646 @45
() 225 @9 7.5 C. b
R
_
: o T
(’L(é) g .L.o* (Lo-('oe> ¢
. ] Lp - & sifte Vs (¢)/O go<s do inﬂnﬂa' s There
v L d LL is abcHe
= — — (l
- at wodel
- t
VALY V<V
v, Vs V, 9t = Ldi.
3 — J\Ks_ It =\§JLL
L
i
J o‘"s it = 5& i'L

Qt"'( = ‘LL(t\

@ t=0 ¢ (x)=9

-0+
¢=9

ok = Lulk)

1 (0.38)= ¢ (03) = V.5p
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For Questions 12 and 13 consider the inductor

R
current response ir(t) when R=0.4 Q, L=0.5 H, l\/\/
and vs(#) = 3u(—1) + Su(®) V.

12. What is the value of iz(f) in amperes

V(1) L {21& ®

att=0?
@o ®6
@12 @75 V()
B3 1.5 10
@3 9@ 125 3
®5 20 0
t
13. What is the value of iz(¢) in amperes
att=0.6s?
Do ® 175
() 4.641 @ 9.406 @
(3) 4.765 10253 ‘ -
L) = L(9) = Vs
@) 4.9 @ 12251 '
®s 12.5 Ve (02 By
. 3\1- 2 'L._(O\ = 1.5A
0.4~
ey = 2V 50 56
o4 s y
+
. - 3
L, [4) S 12.5A - (\2.5/\ -158) € €= 7
- 0-6
125

L oLy s (s) €

LL (0~(0\ sz qHO6A
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What is the expression for ix(t)? 3Q

© 0 i} VW

© 1.667 5cos(2r+30°) V =— 0.1F

® 0.527cos(21—41.6°) ez o H

@ 0.527cos(2t+41.6°) ’A’Zf\

® 1.581cos(2t—-132°)

® 1.581cos(2z —48.4°) 2, = gul= Hja

@ 1.581cos(2t-18.4°) 2,: ' -.lja:5ja

1.581cos(2¢ +18.4°) Jwe ol

@® 1.581cos(2f+48.4°) 5

@ 1.667cos(2t+30°) Q\‘/s(k 3‘:;» @sz 5¢ 20" - J?:z.s
2.50s3

V.
B 20 25731 2.5, BY
V=T1
2 cicewi* = 3.a + \Jja -S5ja - 3‘.] oy

Varcor: Uy 2 2.5J3+ 257 v

o

v 2l
% os In
zdruk

253+ 155 T, = Loua +1193) A

——-’__'T"—’_
3-) L
N/
et \Y:ms;
- 1..0«.'
vl
1€, 1= 1.sg)
> arctem ‘,‘iﬁ‘) = ’
¢ ( vota ) T qz'q

:rx(f]:-' 1.991 ¢o$(2t+ L\K,"‘o)
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15.

What is the real part of voltage phasor 40
Ve if Vs =10£30° V?
(1 -0.718 (6) 5.196 —VVv
+
@ 0.718 @ 5518 7 (1) ssa==r.
(3) 3.143 6 - _
® 3.6 (9 6.4
() 3.712 7.943
Fal 30°
Vs 2 10 ’ e
BRGE
r\ .
VS < 5& x 53 \V4
N
- -3ya\ ™
Ver (Z22)
4-3ja

V ) (§£>+ ;) (-31)
(4-24)

[}

Real Part = 5 5|3

: 5.513-2353) V
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For Questions 16 and 17 consider the j12Q —x
network shown to the right.

16.  What is the magnitude of Z,, in ohms?

Linear _
®o ©37.9 Network x - * e
@) 12 (@) 45
@ 20 48
(@) 26.8 (9 81.9
(5 36 o
3
z°"
17.  What is the real part of I, in amperes
if V¢ =200£-30° V? 2 1a?
() -10.825 (6) 3.208 tea ° Tp2
@ -8.333 @ 3.928 -
®) -7.217 4.811 C2ioud = 26T
(@ -4.811 @ 7.217 Nt (2 925
() -3.208 8.333 (‘E ) :
260 a
I i Z“ fo— e
~= . — L 2.25
4 n

Z"l = llj* ¢

. ) o
l‘f Va = 1209 < -39 \’V'“\-r
- L elLt {
| Zeql = V121 Le e
Vo) 9
- <-3%
I,= %9

|Zeq\ 3 ﬁ-o: 2 202

. 2
—_— 3
f‘b o by
‘Z/Su‘(__aojz 13 rea)
—_— > .
3 | 5@ -y = I -
= (F)e v P 5 = 1213
Non — e 1
15 ¢ -20° = Ig N v
3 =
3
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For Questions 18 and 19 assume that the pn
junction is abrupt and symmetric (Ng = Na).
Also, assume that the junction is modeled
using the depletion approximation. These
assumptions are consistent with the majority
of explanations/examples in the e-text,
videos, and lectures.

18.  Which profile represents the electric
field under forward bias if the dashed
profile represents the electric field at

equilibrium?
Tt twe poteilcl kY Ane @

duadlen vtes s in 1Y 1aiial
Sxake , n 9 (_p\d\\o(\ widdn

‘lnvroms, e\se '\-\ NoVYa» S.

PN
w —-Sm n‘\\\w\
ore i olecdemes

Electric Field

—~ Y v E]cvhq‘c $ielv painh
\E] \
P ! from + do - wh Vp 70
’ 1
‘ ) 50 righd % ‘. 11 weakens
! lefde TAdd) = HS}" Mm“l 1pe eledniy
) _—
Leld Ao

Which sequence of applied voltage
conditions corresponds to the energy
band diagrams shown below?

D Va<0,Va=0,Va>0
@ Va<0,Va>0,Va=0
B Va=0,Va<0,Vs>0
@) Va=0,Va>0,Va<0
@ V>0 Vi<0,Va=0
® Va>0,Va=0,Va<0

T bt ia, 2 W
weaktnd awd
* Lalcal, ballr]%ﬁp mems v —

wave cUrront > reverse Vias €5 Vg & 0

* Sl b“"’j‘t]’) — The Vi, is v‘edube)
whien happm’ Wwhen VA 20

E E
smat c_—\___ ¢ 1»&&?
T L Bt oS
g —_——— D

E E E
v_x_ v—\— v__\_—
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20.

What is the value of V, in volts if the
ideal diode model is used for each of

the diodes?
@ -5

@) -2.667
3o

@) 2

() 2.5

() 2.667

(@) 2.857 ]
9:s 2V -
@6 "

7

D, and Dy ore on an’ D, = o

Voo ~By4 (Z_&L)(qv,@g‘,»z -Hy +Sv
Ve =%

Siwte Vo, : IV, tnis  mekes D,

v osk, u«ﬂj‘:ﬁ) 1 assympiven .«
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For Questions 21 and 22 use the ideal diode
model.

21. What is the maximum value of v,(t)
in volts?
D -3 ®1
@ -2 @ 1.5
3 -1 2
Qo (9 2.121
(0.7 3

22. What is the average value of vo(f)
in volts?
@D -3 (6) 0.637
@ -2 (@ 0.955
(3) -0.955 2
@ -0.637 (9 2.121
Go 3

AVGYQQ( Valve of V,ol1):

!

L
f Volt) 2t
0

o

1
Q4 fz sinlm) di =

t=1
]l::'

\

= L & oces(mWi)

1

100 Q
N\
+
3sin(zr) V (‘D 200 Q§ v,(7)
"/
M h Diode 13
- it O,
-3( \/ t off is Vs 20

£
>
~
——

Max ot V()= Ov

2
f v, () ot
o - —
Y

1

: foae 4 /2 sia(rd) 4

)

= -2 (cos(tf)‘ eos (1))
g

_M
:'%(l"(“'))’ ,ﬁ-’
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23. What is the value of the threshold e?k\"'km
voltage Vr in volts for a MOSFET e o, o ®
with this Ip-Vps characteristic? 3 LR LA
@ -1 - 3B \ sl V=3V
Q .

@0 @25 < g ’4,’«""
@05 et 3 =

o o @4 -8
G 15 5

0 1 2 3
. VD S (V)
Vo sq\v“‘*“m
\ P - VG-‘ Vr (Thn‘s {79 sp ]ﬁf) Yriote on) satwutim
Ve ’ zOms)
vl' V(‘,
Ty

i ; fant
o bgs'mn'vs of saluraltim reqion  which happws w| year costn %

L—P happqu whn On VS_VT Q

V(,. -VD=VT

lize

Iv-lv = Vs

whot Vo= Ve Ve e
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24.  What is the value of V, in volts if 12V A

Vr=1Vandk=5mAV?? -
0 5 resistor
% 1 5 6 value l40ma
32 3 redacted
_‘_'—O
®3 ® 10 v,
® 4 12 —| |:
V3 = \/o = Vh

V3 =\ ¢ Vo .
Vo ltaqe ot gate = goltag at droia.
S Ve,
0 it Vg Vi
To ] k{Uq-ve) Vs - $Wa) | Vo < VyoVgo e i
';_' ( Vq- V'r)’- v Vo ¥ Vg- Vi > 0  saturetion

1 f V3 =Vy  then Vg - V1 must be less than Vp meq(\'1n3

'\'U{ )
*® Synce  cuverd +lows, \/3 ? \Vy w Y egion

t




25. What is the value of R in ohms 4V A

ifVr=1V,k=2mA-V2 and T
Vo=0.5V when V;=3V? 2 L ?
1500 ® 1556 § 1, c Uv- Vo
@) 750 @ 2000 R
(3 875 (®) 2286 +—o7, - - o
® 1000 (9 4000 1kQ > . :
®) 1167 5000 v 0—’\/\9’—1
%v - VS z Vl. —
VS = 3V
Vo= Vp= 0.5V

\/3-‘\/75 3‘\ = 2vVv

2v Yy 0.Sv "’hvs VD £ V3 "VT —~ 'ff;da)t fes‘na'\
’ ——

Vo

1
since  \[y < Vg‘VT

Vs: JV
Vo = 0.5V = Vy

VT=‘V Vp=0.5\/
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