MATH 285, HONORSMULTIVARIABLE CALCULUS, FALL 1999
AnswerstotheFirst Midterm
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Problem 1 (10 points) Thecurve shovn ontherightis givenin >
polar coordinatesy the equationr = 6%, where—7 < 0 < 7.

Calculatethe areaenclosedy thecurve. -18-8 -6 -4 -2 ,

-4

Theareaof a curvein polar coodinatesis
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Problem 2 (8 points) Find an equationof thetangentiine to thecure z = ¢!, y = sin 2t atthe
pointt = 0.

We first calculatethe slope:

dy dy/dt 2cos2t 2

de ~ dz/dt ~ e 1

=2.

Thetangentline goesthroughthe pointzy = e® = 1, yy = sin0 = 0. Theequationof thetangentline is
y—1yo =2(x —xp) Ory =2(x —1).

Problem 3 (10 points) Find the cunvaturex(t) of thecurvet = (3t® + ¢, ¢2, 0) asafunctionof .
How mary pointsalongthe curve arethereatwhich (t) = 0?

Wefirstcalculater’ = (9t241, 2¢,0) andr’” = (18t,2,0). Wehaver’ x¥” = (0,0, (9t +1)-2—18t-2t) =
(0,0, —18t2 + 2). Thus,
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We haves(t) = 0 if andonlyif —18t2 +2 =0ort = j:%. Thus,there are two pointsalongthe curveat
which x(t) = 0.

Kk(t) =

Problem 4 (10 points) Assumethe vectorsa andb are orthogonalto eachother Prove that
a x (b x &) is collinearto b. (Hint: rewrite & x (b x &) usingdot products.)

If & andb are orthagonal,thena - b =0. By Formula6 onp.841,wehave
Xx(bx¢&) = (@ c)b—(a-b)&=(a-&b—0.

Sincea - ¢ is a scalar thisis a scalarmultiple of b.



Problem 5 A “spaceship’leavesthe origin attime ¢t = 0. Its positionattime ¢ is givenby the
vectorfunction®(t) = (£, 8t — 3,1 — £).

(a) (4 points) At whattime doesthe spaceshipeachtheplanexr + z = 47?

We havez + z = 4 if andonly if § +12 — % = 4 if andonlyif #2 = 4. Thishappensvhent = +2.
Butsincethe shaceshipeavesat ¢ = 0, we pick the positivesolutiont = 2.

(b) (8 points) At what angledoesthe pathof the spaceshipntersectthe planefrom part(a)?
(For your answey it is enoughto give the sine or the cosineof the angle. Make sureyou
indicatewhich oneyou aregiving.)

Thevelocityvectorof the spaceshigs ¥/(t) = (2,8 — 3t2,(2 — t)). Thusthevelocityatt = 2,
whenthe spaceshighitstheplane is ¥/(2) = (4, —4, 0). Letuscall thisvectorv. A normalvectorof
theplanez + z = 4isn = (1,0, 1). If a istheanglebetweerv andi, andg is theanglebetweenv
andtheplane thena + 8 = /2, andthuscos « = sin g (seeillustration). We have
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Thusg = 7 /6, or = 30°.

Plane x+z=4
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