
















































































































































































































SP 2020 FINAL A QUESTION 10
1 The power dissipated by all elements must

sum to 0

Law ofConservation of Energy energy
can neither be created nor destroyed

if power dissipated o it implies
energy was destroyed

if power dissipateda 0 it implies
energy was created

2 Power dissipated by resistors must be

nonnegative
P y I IR I IZ R

IZ is always positive R is alwayspositive

I P dissipated by resistor is alwayspositive

3 Power dissipated by the voltage
source

must be less than O
P VI just need one of

us or I to

be negative in this case

It's okay for voltage source to dissi










































































































pale power there is a current
source to compensate bygenerating

4 Thepower dissipated by current
source

may be found by shorting the
voltage

source finding VI andcalculating
PI VIIs
Superposition doesn't work like that

Need to also remove current ouree

and do circuit analysis to ind

final VI value



















































































































































































































SP 2020 FINAL B QUESTION 8

goal advantage of Cmos inverter over NMOS
in context of powerconsumption and
output voltage

assume transistors don't have internal
resistance or capacitance
draw it out for better intuition

when M2 is open Vin E 11th

voyage

divider

1 DD Yan T DD

S Rp 7
l do it 1 v yo1 Yo p

R I v il
G R Ru E k p tog R
F I REM

Cmos inverter Nmos inverter

we can surely conclude the maximum

output voltageof Cmos is higher than that
of NMOS
when M2 is closed Vin Vth

l










































































































Vo r O T m
ro

b Alo r Rp it a

f Ru or.Yp Vo pilaf R
Pi t RP

CMOS inverter Nmosinverter

if M2 stays closed Cno switching
power consumption of CMOS is lower

than that of Nmos
k ILLUSTRATED BOTH CASES PROVING

ONLY II AND










































































































FA2019 MIDTERM I QUESTION 3
Rwire exam on

TN VIII rout TBP site
Tin wine Cinv

a since Tvn oil for all to at
t O att is in steady state

mathematically adzVarin 0 AdtVa O

Tcw.tt
e Cwiredd Vcwinet o t

oIciftfCinvdd Va.nft O t O

Ri.nu Rwine
TW N

d.TO
vout no current

Tin I Vout Tin O

X to

b R wine

TN NIfI Vout Vciw Vcwie

I
ICwiretICiwCwi.e in

VI VRinv VRwine
Cino










































































































I

D cu daOCH C atilt I Iciw Civ
Icw.i cwieadkuinett cwinedatvou.tt CiwdIdtkfIF

Volt Tint RinutRwine cwiret Ian
Tint RinutRwire davoultDCCwinet inv

Vault
Tint Vout
RinutRwine Cwinet inv

c Txt Vinttl Vou.lt ffTLH adzvou.lt

da THI 7 10
7

DIVA 7
RinutRwine cwinetc.nu pT10XCRinutRwioe CwinetCinu I

adzTCH TECH Tca Ae Tt

f TCH TCae't TECH

aim party
Tco A e A Tin O Vario IV










































































































Tht _e to't Tinct Vault e
0

Vout f e
107T

O

d North Vault I e I
i

l
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00 1 E
113
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Sp 2020 FINAL B QUESTION 9

goal reducepower supplied by
a factor

of 2 P VI
so either reducevoltage or current
we can surelyeliminate Double Upp

draw it out for better intuition
films look at circuit from POV that
Eron power is being supplied

Vin
l lemon

f
Npp I CL dog Yo t

f
No E Ron p DD Vo Ronp

2 Ronn
C

in n Ii I c t.int
we can surely eliminate Double Ci

pattern for voltage of a charging capacitor
when input voltage is 1 V in an RC circuit

based on fall 2019 MTI

VcCt I e
HRC P Von I Ym Vpp

Vpp I I t e HRC Vp e
thumpC Ronp

Ron p Ron p



1Von T DD effective R is
Ronne Ronp 2 RonPYin lo CPMos fERomp Z Ronp p up e

tl n'PC
in by Pm

yy f Yo
E Run n

Vin Nmos Cc Cr
Ronn I not perfect factorof2

in qYnmoI
due to exponent

we can surely eliminate Add another
PMOS transistor in series

can drawout if youwant but you can

also realize by inspection

1
Von effective R is 0.5 Romp

1 p Vp e
tlo.sron.pe

Romp 2 Ronp 0.5Ronp
no

cu not even reduced

we can surely eliminate Add another
PMOs transistor in parallel
LEAVING None of the otherchoices



SP2020 MIDTERM I QUESTION 3
do sonoteoso Euler's Formula

YIbP

a i pp magnitude _52 In a i
THE litjl j

angle 450 44arctant'll R
L l

Hj Tzed y

ii Marj jk j e j

nj e 2 2 ej44
v

b i page's 3 zejb.rs jsingItcosIz
3ljEzt'z 3Iz3jt3z

ii MA affetJ FteJ offCjsinat cos a
method 1 f7 gCost f D

Ft

method 2 et't I f off L 1 Ft

c i f j jxj jxj
I Lj I th

j I I Q E D



ii Sin 2K 2 cos x sink

ejo
jsinotcosofOEJOjsintdtcos.to jsinotcoso
positivetrig mapping ejoteJO js.inOt cost
Sin All C j sing

cos 0 20050

Tan cos
cosO eJOt

2

do et jsonoteoso Cjsinotcosd
04bsinO e.deJo 2jsino

2J

eich e
jam

Sintra
Y2J

cossesina 2µnzeT dEz

ein e jn eine eine
d ED 2J 2J


