@md((@
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N at of
1 Circuits (20 points) papel 1 bL/Q

Consider the following circuit where the resistance R is in the range 0 < R < oo.

6.01 Midterm Exam 2 — Spring 09

Part a. Determine I; if R=08. |, E[Q 27 v =

e L

3

Part b. Determine(V) if R = 19 3.\,
IR v T T,
X

G~ -0 ~ teally ]{Liwi

3 ( ¥
"l/‘/m bﬂééc ﬁlt#

g:yiJr &V = Vi ~0 2 ’LW' =) ‘_[wzvg worly, ’mfd off
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State Machine Behaviors (20 points)

Consider the following state machine.

| )
|
class mySystem(sm.SM): TMV m /‘EI//&‘/

startState = (0,0) 5 /
def getNextValues(self, state, inp): 695(0A
(yl1,y2) = state
yO = inp + yl1 + y2 (
return ((y0,y1), y0) Mdh- d({&/eflf& Pa/

Part a. An instance of mySystem can be represented by a_block diagram that contains only
adders, gains, and/or delays. Draw this block diagram in m.

AR <x[as YO type) “

¢t cfor/y ﬁryﬂhj

‘5‘__9(?%’H-f;3 %‘ #@9 [&42.

J-Jrl \/

~ [ [ J

Part b. Determine the result of the following Python expression.

mySystem() .transduce([1,0,0,0,0,0,0,0])

Enter the result in the box below. ( rlD:, Mfa“r 50 @W/IEG

[ 7} ;’[) " @3 @f oz ]
[0, d,1 R Oq/ %@ o r 3¢l
) J; J/ O f'ZH (6‘{3)

Mgy 5{‘4/& stute

Y % (3,7)
(2,)
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Part c. Determine the magnitude of the dominant pole of the system represented by mySys-
tem(), and enter it in the box below.

r
magnitude of dominant pole: L 1LU2_{(?£ ; J (be(,\ §?) {m’y
l\“ Jrl'fng 4: 82&

\ q‘)\L,l

A ey, Oiffeﬁ/d{ o e for oty of !

f‘ve{’/é, Sy&]lt?m Eunclton 7 :—?g\ “in 2 toim |
22
Y:X -!’\/()\f }(Az F2_2 |

NIRRT X i

X1 ——17
R L

2 AEE e daw pole
2.

e

Part d. In the space below, write a new subclass of sm.SM called newSystem. Instances of

UNE [GML newSystem should have a system function H given by

(W”"g
£ {ﬂ‘“k

Y
H=5=1-R % = XR3

( class newSystem(sm.SM): ¥ [nj 3 KZ"?] “XZ\”‘L&? W
Jed  geb Mt Vo (8, shate,inp)
(%, %2, XS) < Stote

Yo iap t=X3

Cetyn (( (np X,‘ XZ) 9)

5&1#@
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Motor Control (f}points)
po

The following circuit is a préportional controller that regulates the current through a motor
by setting the motor voltage Ve to
\ \
Vo = K(la— L) g o/ ¢ it
where K is the gain (notice that its dimensions alcP ohms Id is the desired motor current,

and [, is the actual current through the motor. Although K and [; are not explicit in thlS
circuit, their values can be determined from the resistor values below (see part b).

= 9,900 110V
élOOQJ—‘ 1

: | "'non m/zrh
S— AR ﬂ‘i‘n'pilﬁ?/

Part a. Consider the circuit inside the dotted rectangle. Determine an expression for V; as
a function of I,.

o

%

. S

\/O:Vf, LQ[’r/\)g fl/llo

L, Ut e ol mffw{
oo
%% “JZJZ 'IO

TTLV} have Cu[‘/{’ﬂ*{- W/rxy la')/mf' [0//{
— Vollage dlides ot W et n

(\

V

—

=V, 1000 V= < =T .
0 OLML
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‘or Propy 7(7 of 1 Op amp
IR M v i 1y oL
= ot Yhag 1o subludor
-V V
— ;:\E_ Ihy -
(o4 000 i< N Y0

00, ‘ 1000
096 (Vi=V-) = fsag ()

Vil =y 10606 ()07 ) = 3660 V)
i . e 0-V; =3V,
[O:q%
Va7 P
Vit = 2.
\/-/ =V H/
% U_:%
2.5=Viale
L
6‘:\/53«*\/6,

(/C > g"U(
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Part b. Determine the gain K and desired motor current /.

- 7
| |

! /i

— |

K S patric [
0 € ey pot malty bk Fomal o v
e
Z\ﬁﬁ 5; JLQ o (05 ot fa}le ~GAl Vo ltuye
50 (f‘ﬂQ/Q ( 0\ 50 \/p/h\ﬂg J{D/] )

é l/n(E(;ﬁ@é:m ﬂﬂl’(“‘

A~ nomligation of- angle
SV el

| \
£ (51) bosally Uolhugedwido,
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Members of the Club (20 points)

We would like to make a class to represent a club. A club has a list of members and a

scoring function, which takes a member as an input and returns a numerical value. When

a member is proposed for addition to the club, it is only added if its score is greater than
Leatse b TS S001C 15 greanct W

the average score of the current members.

Join the club

We would like to make a club of basketball players, who are scored on their height. Here is
a simple BallPlayer class.

class BallPlayer:
def __init__(self, name, height):
self.name = name

self.height = height

def getHeight(self):
return self.height

def __str__(self):

return ’BallPlayer(’+self.name+’, ’ + str(self.height) +’)’

The Club class has an __init__ method that takes two arguments: an initial member, and
a scoring function (that takes a a single member as input and returns a numerical value).

Write an expression below that will create a new club. The first member is person named
’Wﬂt whose height is 84 inches. The scoring function fp’r club members should return their

- Bl (W, 0 ]
[M)(@ﬂ{/ )%Lye/ (Lc F ﬁf) ,& Pé{y@/’ g{f@ﬂ}ﬁy

T whie VE/( worll & ﬁvﬁ Wt

Now, imagine that we try, successively, to add the following new players, whose names and
heights are listed below, to club c:

"Shorty’, 60 ( _ :

“ g oL palan

J
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e 'Stilt’, 90
e 'Larry’, 85

List the resulting membership of club c.

rl

LV!/VL L/ct,!% £+('/'JL
70 what G (%0

5.2 Implementation & 7
Fill in the definition of the Club class. Use a list comprehension in the averageScore
method. O e s
( % = ij ~
class Club:

ol\ 5Lo/ﬁ%
foght

fo 'ft/EJ
o do ]

def __init__(self, firstMember, scoreFunction):
self .members = [firstMember]

self.scoreFunction = scoreFunction

# Returns average score of current members.

def averageScore(self): [ g 58/
T . son bl B

n=tlt (/&L[%/F( mdnbecs)
(etun  um C[ self, o Fndan &7/ for m msolt 4

# Adds member if it meets the criterion. Returns True if the
# member was added and False, if not.
def proposeMember(self, member):

‘F Membef W A ore Epmm # 7 %fl/e/q(ge .560f€{]

k-0 lf oembers . o[fa,aend [mgmbw)
(e W(Wn T/ve

W é%j)

€lse )

(el (Falsy
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Histogram

Write a procedure to compute a histogram of the member scores, that is, a count of how
many members’ scores fall within some specified ranges. We specify ranges by a list of IV
upper bounds. For example, the following bound list (N = 3):

fenrs
I35 95 121 7\ 3
specifies the following N + 1 = 4 ranges:

x<3,3<=x<9, 9<=x<12, 12 <=x

Given a list of scores that is all'ead)i_@mgﬂ@l@_m largest, such as: [1, 1
5, 7, 15] the resulting histogram would be: [2, 3, 0, 1] That is, 2 scores less than 3, 3
scores between 3 and 9, 0 scores between 9 and 12 and 1 score above 12.

>>> histogram([1, 1, 4, 5, 7, 15], [3, 9, 12])

1
[2, 3, 0, 1] Cool yfﬂJ”C’L
The output should always have N + 1 values; values should be zero if there a ﬁ&m sc!o_res in
the appropriate range. - d m /‘/‘7 fa 4,&, v
=

def histogram(scores, bounds):

Loc scomes i1 scares.
£ 8 bp L5 £ bothom .
Ans |- I] ans(-I] +]
(m"

(ﬂm reed I ACemind h’f },ngm)

(p/’ bovﬂc] z}n j)W/L ds
7 ﬁ = Jound | @ n?
gl

oﬂom bound
N o

r
)

(d doig a ¢l Rrd b owie o to Tives )

uCé ;’n S

L= ll'l

c§?
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Short-Answer Questions (10 points)

Part a. Consider the following circuit.

Determine if the following equations and/or statements are
— Always True — i.e., true for all possible values of the resistors Ro — Rg and voltage Vj
or

—~ NOT Always True — i.e., false for some or all resistor and voltage values.

Oh /\a‘}‘

”ﬁ!m,; /V.OVL }/Vﬁ !

Check the appropriate box for each of the following:

NOT
Always A-ll-\:’ﬁ)efs
True
R, Rs ; "
If = = — the =0
X Ry R onte=0

i
h K (ool
/ s ip+i3 =iy +is JﬂbWﬂﬂ Mff//&e o

/
X ip+ig =13 j-:}m h = /M’:.
f“po\fd R H‘ § Y M 6 [enn e/
_ (pr <

X YA Vot dusk <G polak

. R,  Rs

ﬁX If g =0 then o= = g—"2

verh - qme

ouch
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Part b. Our goal is to design a dimmer for a light bulb that can be modelled as a constant
resistor of 10£). We have a single 10V power supply. Our first design uses a 10k{) poten-
tiometer, with the goal of controlling the current through the lamp so that the current is
proportional to the potentiometer setting, ‘With a maximam current of 1A.

+10V light
bulb

10kQ2

Briefly (using fewer than 50 words) describe problems with this circuit.

gihls cedune mah laer -potel Dkl aoy
50 V=R [0kt (000

A= A Tk 50000
Shro Tz

dogs oY do m, (%
db\ ODQS (A / ﬁm/?[ h’
Suggest a better circuit. Draw it in the following box. /Y'W ¢ pf an O/L ’OfF

OP ’i}mp ottes )a//é) ‘-}me‘d@ Condal :/a/ﬁcﬂ
does not It pot ,,Oo} st Pelles
0?/[& b‘/l) C(Oéb T'].%l

T ot ot a1y ahod ot

L [
2 Al Ofpﬂﬂk
UL /
_,7 6712{ pxpgwﬂr
n
7 / dld /% f o /a/
(ot woty Ol ﬂmio oAy
Explain briefly why your circuit is better. tdf 0[/)1!) }eﬁ; wa, , WV 4/";“'{3
I 7 e
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Circuits (20 points)

Consider the following circuit.

200 .\,
n |®¢
10V 50 I
Part a. Find i¢ if I4 = 0. 0 }’l fu /0{940‘/7%[ M@c{ pelh Vr,

Gure

[ {
ic = %Z\A'\ 4 < goud e |

@ Cure b 7 passes 5 )
l/: (rA ?
lo= ¢ 70

Part b. Find ig if [, = 5A. [' -1

izt 1
| | . .
w= | YR Tk _[_Q,_Héj’q - . Vi)
Ly J
A gty
!OU*V[ \/r 'h‘/ﬂ = 54

Part c. Find 4 so that i = 0. — ¢t Iﬁk ‘9= V[

L= | M 0V-V, $ 201, =V,
lo; 20T <2V,
| '3 ,::V
J(%ﬂL@/]‘ V410 Ty [
[ # —(WHOLJ #Iﬂ’}b
20
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Part d. Consider the following op-amp circuit.

1 M >— V.
V2—A\N\ + -

vab%fadﬁa/

Fill in the values of R; and Rs required to satisfy the equations in the left column of the
following table. The values must be non-negative (i.e., in the range [0, cc]). If the equation
is impossible to implement with non-negative resistors, then write “impossible” for both
resistor values.

Ry Ry

Vo = 2V2 = 2V1

Vo = 2V2 —Vl

Vo =4V, -2V,

—0h N L APW
N h.ii.— ,m [E(,fc//ﬂ [/\m'ﬁs
U, V- -l R, [V L) <o)
oy, R QZKVQ““'HOHW
R, Q- =0V —l0Vo
\ﬂ‘f = Vi——i—q &@\/Q*—QQVJ, x‘“w\/'i—

Ok N Gy < (o)
Vr =\ Ve = Xy N Vg

lOfﬂz
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RV, Vo = Joy + R, V-
SVt 0, < Vo (10#R)
Vo < /Ql V FVs
10 +R,
o TR, L0 1’&1

(1o #4) 07 = @H)%Q( V, HWo)

(182 tR.R V= 1) RV HR2 AU+ Jo0Ve 1 1 dabs
(05

0 V, =0 A A Y,
'VO“CUHM’L) _ 10 Vg r R Vs j /

Vo = |0& 1 Fﬁfﬁl 7 (08, A

0o F1) A, _

OL\ Crap
L\/l‘_"h" 4 d? Niw 50“&/7';*'
sy Ve U Vo =1 L’E/y&
&

08,2 +4.8, T4,

Vo = W F g
Lo R4 7;("(/2#&! ./

k._—"_n f

Cor maggg it vts [ Conpley



3. Circuits (30 / 100 points)

Motor driver

When we built the robot head, we made the motor move in both directions by connecting one
side of the head motor to an op amp circuit and the other side to a buffered voltage divider that
produced +5V. This method limited the peak speeds of the motor because the full +10V that is
available from the power supply never appeared across the motor.

Our goal is to build two circuits, one to drive each of the two motor wires. Let x represent the
input voltage and let y; and y, represent the voltages applied to the two motor wires. Assume
that you have a single 10-volt power supply, so that only +10V and 0V are available.

1

X Circuit #1 —r|-|
Q)

Y2
Circuit #2 g L|J

motor

Question 13: Recall the supply voltage constraints: ALL voltages (including x, y;
and yz) must be between 0V and +10V. Determine expressions for y; and y; so that
the voltage across the motor is given by

10 ifx=10
HI=32= 10 e =0

and both y; and y; have the form y; = mix + by, where m; and b; are constants.




10

Question 14: Design circuits to implement your solutions to question 13 using resistors, op
amps, and a single +10V power supply. You can assume that x is buffered (i.e., it is the
output of an op amp). Draw the circuits and label them clearly.

Analysis

A “bridge” circuit consisting of five resistors is connected to a 12 volt source as shown below.

12KQ 4KQ

6KQ
+12V Cf)
+ g~

4KQ 12KQ

Bridge circuit
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Part 1: Op Amps. Assume the op-amps in the following circuit are "ideal."

V- ﬂ’ﬂ B g T dalo

Iy

" Can T tommbes ',
10 20
W L
N v VA— A%V, )'[/\l/m/ ~—9M/‘/1/‘“"Vd
" s F ~
OD Determine the current I; when V3 =1V and Vo =2V. 2" ’ = 5 1” i :
~h likd my Trak

_ =0
- % | amlrgl/g

b)Determine the voltage V4 when V} =1V and Vo =2V, ore not
Coully [ m
Va= LZ
(J) Determine a general expression for V4 in terms of V] and V5.
Vi= =0 i+ # Va
L OP?D TQ;)]Q- hog
V2 % ‘ hale thas)
e | | SAng Ve trhole TH
VA 7]
\
VoV,  +
fo Vo-Vsitl T Ly
| = L / ;‘:[
B il |
@UA g C)Mwﬂl/f
_J/Pr_’l = | A VA“V; = WYy cent suaa ' ,
- S 2T s s fbal e )
A= . ... continued on back of page Mk ontrdt, |



Part 2: Op Amps. Consider the following circuit:l/ ~ f/
L~

—

Vi \l/\\;ﬁ ‘D— Vo

Wi

W Zua
GV 5\ onbes around |

where all of the resistors have the same value R = 1 k(2.

KV, =38V, then 1, =

IfV; =7V, then V, =

If V; =9V, then V, =

both k/thﬂg(l d;«:dt?/)

Q) ! V=V _ ) -y
2k

7L
aq Uusslp =~
\6‘\/ l/():g\/ f:m(/(,'} bg_:
_ in bofveen
YV ém dup

Alss hat resistors

W) V=T &1y i
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2 Vi
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6:01 Midterm 2: Spring 2010

Narﬁi Section:

Enter all answers in the boxes provided.

During the exam you may:

e read any paper that you want to

e use a calculator
You may not

e use a computer, phone or\nusic player

For staff use:

: /16\
2 /16
3 /8
4. 725
5 43
6 /8
7 #12
8. /10
total: /100
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Pole Position (16 points)

The polar plot shows the dominant pole for several systems. Match each pole to the unit sample
response of the system.

(i Cann sesa”

) t } ° 2010
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2 What's the difference? (16 points)

Assuming the voltage at node Ny = 0, compute the voltage at node Ny in each of these circuits.

108 |
v 1% 1%
= | 1
[N,
2.2 ;
R R R
WWA WWA WW N,
I %R [ }
NO
2.3
R R R
WA ~MA——— W,
I I I %R { }
NO
2.4
1% " 1%




Midterm 2 — Spring 10

Scratch Paper
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3 Op Amps (8 points)

For each of the following circuits, give the output voltage Vj as a function of the input voltage
sources, input current sources, and resistances. Assume the op-amps are ideal.

3.1
R
R
WW + Vo [
VT@ ) - }
A
v, 2
3.2
RZ
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Motor control (25 points)

WhizzyLand engineers Kim, Pat, Jody, Chris, and Jamie are trying to design a controller for a
display of three dancing robotic mice, using a 10V power supply and three motors. The first is
supposed to spin as fast as possible (in one direction only), the second at half of the speed of the
first, and the third at half of the speed of the second.

Each engineer has come up with a design, as shown below. Assume the motors have a resistance
of approximately 5Q) and that rotational speed is proportional to voltage. For each design, indi-
cate the voltage across each of the motors. Your answer only needs to be within 0.5V of the correct
answer.

Jody

+10V

M+ M- -
motor

1KQ

M+ M-
motor

1KQ

M+ M-

motor )
%KQ /
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4.2 Chris
+10V
M+ M-
motor
1009%
M+ M-
motor
1009% %1001@
M+ M-
e motor
100KQ
4.3 Pat
+10V
M+ M-
motor
IKQ%
T
M+ M-
i = motor
1KQ Kka L
+
— M+ M-
- 1KQ |__‘ = motor
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44 Kim

+10V

M+ M-
molor
]000%
+
/ M+ M-
i T motor
1009% wke [ L7
+
o M+ M-
100KQ o
4.5 Jamie
+10V
M+ M-
motor
IKQ%
P
M+ M-
% 5 mator
1KQ
M+ M-

|

motor
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Scratch Paper
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Composition (5 points)
n1 12
—_— - > L
C dy do

ns3
ds

Write an expression for the system function for this whole system, in terms of ny, dy,n2, d2,n3, d3,
which are the numerator and denominator polynomials of the system function for each of the
component systems.

( B
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OOP (6 points)

If a procedure has no side effects but may be used multiple times, then a convenient concept
for efficiency is called memoization — we keep track of whether the procedure has previously
been called with a particular argument, and the value computed at that time. If it has already
been computed, we just return the saved value, otherwise we do the computation, store away the
value for future use, and return the value.

Here is an object oriented approach for memoization, with one piece missing. We assume that
proc, the procedure to be “memoized”, has a single argument.

class Memo:
def __init__(self, proc):
self.proc = proc
self.history = {}
def val(self,arg):
if arg in self.history:
print ’found’, arg, ’in history’
return self.history[arg]
else:
# YOUR ANSWER HERE

An example usage would be

>>> def sq(x): return x*x
>>> test = Memo(sq)

>>> test.val(2)

4

>>> test.val(3)

9

>>> test.val(3)

found 3 in history

9

>>> test.val(8)

64

>>> test.val(5)

25

>>> test.history

{8: 64, 2: 4, 3: 9, 5: 25}
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Complete the definition of this class, by supplying the code for the else part of the val method.
Make sure that you do not execute the procedure more than once for any given argument.

s ~

The approach above works with any procedure of one argument that does not have side-effects.
However, if we know that the procedure has some additional structure, we can be even more
efficient. Assume we know that our procedure takes a single number as an argument and that the
procedure is even, that is, proc(arg) == proc(-arg). Examples of even procedures are abs,
math.cos and sq as defined above.

Write a definition for the MemoEven class. Your solution must use inheritance, and ensure that
there is a val method defined. Do not change the definition of Memo or repeat any of the code it
contains.

s
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Red vs Blue (12 points)

Let’s build a voting tabulator for the national elections (except that we're going to assume that
there are only 4 states). The definitions below initialize the instance and allow us to enter votes,
by state, for each candidate.

We're going to keep the votes data in the dictionary stateVotes. There is an entry in
stateVotes for each state. The value stored for a state is itself a dictionary that stores the votes
from that state for each candidate. A simple example, for two states (’MA’ and ’TX’) and two
candidates, ’0’ and ’M’, would be:

{:MA2: {°02:100, °M?:B0}, *TX?: {?0°:50, ’M*:100}}

class Votes:
def __init__(self):
self.states = [’MA’, ’TX’, 'CA’, ’FL’]
self.candidates = [’0’, 'M’, ’N’]
self.stateVotes = {}
def addVotes(self, cand, votes, state):
if not state in self.stateVotes:
self.stateVotes[state] = {cand : votes}
else:
if not cand in self.stateVotes[state]:
self.stateVotes[state] [cand] = votes
else:
self.stateVotes[state] [cand] += votes

Write a method for the Votes class, called popularVotesTotal, that computes the total number
of votes for a candidate, across all states.

e Use a list comprehension, not a for loop.

e Use the Python sum procedure, which takes a list of numbers as input and returns the sum.




7.2

7.3

Midterm 2 — Spring 10 14

Write a method for the Votes class, called stateWinner, that computes the winner for a state,
that is, the candidate with the most votes in that state.

Use the procedure argmaxDict (d), which is called with a dictionary d and returns the key in d
whose associated value is highest.

'd ™

Write a method for the Votes class, called statesWon, that takes a candidate as an argument
and returns a list of the states that candidate won. Use the stateWinner method you just imple-
mented.

" ~




7.4

Midterm 2 — Spring 10 15

Write a method for the Votes class, called winnerOfMostStates, that returns the candidate that
won the most states. Use the statesWon method you just implemented. For full credit, use
util.argmax.

If 1 is a list of items and f is a procedure that maps an item into a numeric score, then
util.argmax(l, f) returns the element of 1 that has the highest score.

' ™




Midterm 2 — Spring 10 16

Balanced Machine (10 points)

Write a state machine that counts the depth of nesting of parens in a string. It takes a character
from the string as input and outputs an integer, indicating how many unmatched open parens
there are (on or) before this character or None if the parens are unbalanced. Note that once the
parens become unbalanced, all future outputs will be None. Here are some examples:

>>> bp = BalancedParens()

>>> bp.transduce(’ (ab (c (d (e)) £))’)

4, 1,1, 1,2, 2,2,3,3,3,4,4,3,2,2, 2,1, 0]

>>> bp.transduce(’ (()) ((O)) OO0

(1, 2,1, o0, 0, 0, 1, 2, 3, 2, 1, 0, 0, 0, 1, 0, 1, 0, 1, 0]

>>> bp.transduce(’ (())) O O0O°)

[1, 2, 1, 0, None, None, None, None, None, None, None, None, None]

Your state machine should be a subclass of sm.SM.
{ ~
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