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I nstructions.

Pleaseshav yourwork. You will recevelittle or no creditfor ananswer
notaccompaniethy appropriateexplanationsgvenif theansweris correct.
If you have a questionabouta particularproblem,pleaseraiseyour hand
andoneof the proctorswill comeandtalk to you.

Calculatorsor computersof ary kind are not allowed. You are not al-
lowed to consultary other materialsof ary kind, including books, notes
andyour neighbors.You will find alist of someusefulformulason page2
of theexam.

At the endof the exam, pleasehandthe exam paperto your TA. Please
be preparedo shav your universityID uponrequest.

If you have a questionaboutthe gradingof a particularproblem,please
comeandseemeor oneof the TAs within 14 days of the exam.
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Problem 1. Let ¥ bethevector(1, 2, 3) andw bethevector(1, 1, 0).
(a) Find theunit vectorin the samedirectionas v .
(b) Find theanglebetweerthevectors v and .
(c) Let ¢, betheline through(0, 0,0) in the directionof ¥ and/, bethe
line through(—1, 0, 3) in the directionof . Write down the parametric
equationof ¢; and/;. Thendeterminef theselinesare parallel,skew, or
intersecting.

Solution. (@) Thelengthof ¥ is vV12+ 22 + 32 = \/T+ 4+ 9 = /14,
Thusthedesiredunit vectoris

\/ﬁ.
(b) We have that
cosf — 7w 1-1+2-143.0 3 3
7] VIAVIZ+12+02 28 27
_ -1 3
S06 = cos iR

C)li:x=ty=2t,z=3t —oco<t< +oo;ly: x=5—1,y = s,
z=3,—00 < s < 0o. Sincetheanglebetweerthevectors’and @ is not
0, thevectorsarenot parallel,andsothelines/,; and/, arenotparallel.Let
uscheckif they areintersecting At the point of intersectiorwe musthave

r = t=s5—1

y = 2t=s

z = 3t=3.
From the last equationt = 1; thuss = 2t = 2. Thefirst equationis
satisfiedsothatthelinesdointersectat(1, 2, 3).



Problem 2. Let ¥ bethevector(1,1, —1) and bethevector(1, 1, 1).
Find the equationof the plane parallel to both ¥ and &, and passing
throughthepoint (-1, —1, —1).

Solution.We computethecrossproductv” x @ = (2, —2, 0). Thisgives
usanormalvectorto the plane.Thustheequationis

2 +1)+2(y+1)+0(z+1) =0,

or
20 — 2y = 0.
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Problem 3. Find an equationin polar coordinateghat describeghe line
y = 3z + 1. In your answey pleaseandicatethe rangeof the parametef.

Solution. Let'ssaythatr = f(6). Thenwe will havez = f(f) cos # and
y = f()sinf. Thus
f(0)sinf =y =3x+1=3f(0)cosd + 1.
Solvingthisfor f(#)gives
f(@)(sinf —3cosh) =1
sothat

1
10) = sinf — 3cosf’
For f(6) to make sensewe musthave sinf # 3cosb, i.e., # tan '3,
Thustherangeof dis from 0 to 27, excludingall valuesof tan—! 3.



Problem 4. Considetthe polarcurve
r = 2 — sin 36.

(a) Sketchthecurwve.
(b) Find the areabetweenthe z-axis andthe part of the curve which lies
belov the z axis.

Solution.(a)Thegraphis shovn below:

(b) Fromthe picture,we seethatthe partof the curve thatlies below the
x axiscorresponds$o r < § < 27. Thustheareais
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Problem 5. Sketchthefollowing planarcurve,indicatingfoci, intersections
with the coordinateaxesandasymptotesasapproprite:z? — 25y? + 5 = 0.

Solution.Revriting the equatiorwe get

y2 1.2

(1/vV5)? (V52

Fromthiswefind thatthefoci arelocatedonthey-axis,aty = + % +5=

i\/%,)z. The hyperbolaintersectdhey axisaty = i\/g . Asymptotically
y = +iz. Thehyperboldookslike this:




