Name: A ’\lj WEQS Lehman ID:

MAT 226
Midterm Exam
March 29-30, 2020

Instructions (PLEASE READ CAREFULLY):

Turn off and put away your cell phone.

Please write your Name and Lehman ID # on the top of this page.

Please sign and date the pledge below to comply with the Code of Academic Integrity.
No consultation material, calculators, or electronic devices are allowed during the exam.
If anything is unclear, send an email to r .bettiol@lehman. cuny.edu for clarifications.
The amount of time you have to complete the exam is 100 minutes, unless you have a
recognized disability. You must show all of your work! No credit will be given
for unsupported answers. Please try to be as organized, objective, and logical as
possible in your answers.

Submit your completed exam by 11:59pm on Monday, March 30 through
the Blackboard Assignment “Midterm Exam” and be sure to attach images
of all the pages.
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Total 100

My signature below certifies that I complied with the CUNY Academic Integrity Policy
and the Lehman College Code of Academic Integrity in completing this examination.

Signature Date



Problem 1 (15 pts): Consider the vectors v = (2,1,5) and @ = (—1,0,1).
Compute the following quantities:

a) (5 pts) 20+ 44

= & (24,5) + &(~4,04)
= (Lt, 2.10) + L-’Lt,O,LO
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Problem 2 (15 pts): Consider the curve 7(t) = t*i+t3j + t*k

a) (5 pts) Compute the velocity vector of this curve, that is, the derivative 7'(t)

V=4t 5 43S 5 2t

b) (5 pts) What is the equation of the tangent line to this curve at ¢t = 17

(x(t\, 3, %(ﬂ) = () +7(Y)
(L 44) +1(4,34)
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c) (5 pts) What is the equation of the normal plane to this curve at t = 17

<(><4,3fi, %«&)/?’(L)) -0

C(x-yy-4 =-4), (432)> =0
Ay-4 +3y-3+22-2 =0
P{x+33+2%«ﬂ:0}




Problem 3 (10 pts): Consider v(t) = (tsint + cost, sint — tcost, V6¢*), t>0.

a) (5 pts) Compute (and simplify!) the length ||7/(¢)|| of the tangent vector of ().

X’({) = (s\'\,\‘\' + twt - St\/\]c, st — C‘”%‘\'—t&\"‘{/ ‘Q‘Q{.)
Iy 8] = V(b t) + (+smd+ (224"
o 47 [ st 1+ b6

L
= ﬁz-\—fﬂt’c%
st (170)

b) (5 pts) Use the above to compute the arclength of v(t) from ¢t =0 to t = 7.
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Problem 4 (15 pts): Consider the function f(z,y,z) = 2%y + 3 cos(zz) — re®.

a) (5 pts) Compute the partial derivatives %, g—f, and %
9,
Uy —Bsin(xa)z — ¢
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g—gu,y,@: 2 —dxel
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b) (5 pts) Compute the second partial derivatives
M- — Gye

= da

Gatr = dy — B “in(xz)
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c¢) (5 pts) Compute the directional derivative 8f(0 0,0) in the direction of ' = (— 0, >
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Problem 5 (10 pts): A foundational result in telecommunications is the Shannon-
Hartley Law, which determines the maximum rate at which information can be sent
through a communication channel in presence of noise. It states that:

S
C—Bln(l—FN),

where C'is the channel capacity, B is the bandwidth of the channel, S is the (average)
received signal power, and N is the (average) power of the noise and interference.
Assume that the bandwidth and received signal power of a Wi-Fi router are functions
of time t and distance d to the router’s antenna, that is, B = B(t,d) and S = S(¢,d),
while the noise NV is constant.

(In reality, log, should be used instead of In, but here we are using In to simplify the computations.)

a) (5 pts) Compute the rate of change of channel capacity over time for this router.
Your answer must only involve B, S, and their partial derivatives, and N.
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b) (5 pts) Compute the rate of change of channel capacity over distance for this router.
Your answer must only involve B, S, and their partial derivatives, and N.
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Problem 6 (10 pts): Consider the function f(z,y) = 2% — 3xy +y> + 1

a) (5 pts) Find all the critical points of f(x,y).

1. (X,j) = (S)LZ-— 33, - 3% - 3\77') = (0,0)
‘)(z-—bzo = 5)(2 Eé?
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b) (5 pts) Classify these critical points into local minima, local maxima, and saddles.
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Problem 7 (10 pts): Consider the paraboloid given by z = 3z% + y?. Find the
equation of the tangent plane to this paraboloid at the following points (zo, o, 20):

a) (5 pts) (zo,%0,20) = (1,0,3)

Flez)- 3+y* -2 - VF(""%>"<4"’Q‘9"4>
¢ (8.0,9)- (¢, 0,-1)

TMObJ— o o (410'3)" <(X"il‘\)/%’3>/ (éfo/ —i)):()
6(x-1) - 243 =0
[ék-—%-—3 =0

b) (5 pts) (0,30, 20) = (2, —1,13)

UF(2,-413) = (12,-2, 1)
Tangont e ot (2,-14,43)
<(xf2,5+¢,afm>,(12,-2,—1)) _o

ﬂ.i()('i) - &(‘3-{-1)- 2 +13 =0
iQX«QL(——,Qj—Q-—-'L——\—iS =0

) Lax - ay-z-43 —«5]




Problem 8 (5 pts): Compute the following limit, or explain why it does not exist:
(Remember you must justify your answer!)
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Problem 9 (10 pts): Find the equation in polar coordinates, that is, in the form

r = r(0), for the curve given in Euclidean coordinates by

3
(x2 + y2)§ = 3(1’2 — yz).

For 2 extra points: sketch a plot of this curve!
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