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PART A
Do all (12) Questions for a total of 36 marks out of a maximum of 80.
Do not detach nor unstaple this examination. Missing sheets will void any credit for those questions.
e A1, The slope of the tangent line to the cardioid r =1+ cosf at 6 = % is
3 1
(a) -1 (b) g (¢) horizontal (d) 3 (e) vertical
Solution: (a)
e A2. The angle a between the two planes © + 2y +2 =1 and 2z — 3y + 42 =3 is
@F 3 @7 @0 (©F
Solution: (e)
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A3. Compute the volume of the parallelepiped defined by the vectors < 1,2,3 >, < 1,—1,1 > and < 3,1, -2 >.
(Note: In this examination the symbols (a,b, ¢) and < a, b, ¢ > both denote the vector with components a, b, ¢, ete.)

()12 ()23 ()-12  (d)s ()13

Solution: (b)

A4, Calculating the divergence of £ =< e *cosy, ¢"siny, Inz > at the point (0, %5) yields

(a) 115 (b)§ms @5  @st (@3

Solution: (e)

Bw
A5, Let w(z,y) = yz? — zy®, where o = cosi,y = ', Use the Chain Rule to evaluate B—T: at t=0:

(a) 1 (b) e (e) 4 (d) -2 (e) None
Solution: (d)

e AG6. A vector giving the direction in which f(z,y) = /22 4 3y? increases most rapidly at the point (0,-1) is given by

(a)<—%.%> (b)<@,3> (e} <1,-3> (d)i<2.3> (e) None

3 V3
Solution: (c)

~
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L] e AT. Given that (0,0) and (2,1) are critical points of the funetion f(z,y) = 2* — 122y + 8y*. Then ;
a: [ has a local maximum at (2,1) and local minimum at (0,0)
b:  f has a local minimum at (2, 1) and local maximum at (0,0)
c: f has a local minimum at (2, 1) and (0 , 0) is a saddle point
d:  f has a local maximum at (2,1) and (0, 0) is a saddle point
e: None
Solution: (c)
2 VAT
e AR, Evaluate the double integral j / V2 +yrdyde.
—2.Jo
4 8w 167 327
(a) 3 (b) 3 (e) 3 (d) 3 (e) None
Solution: (b)
o A9. Evaluate the triple integral f/f 32%y dz dydz where T is the region
T
T={(2,9,2):0€2<1, 0<y<1, 0<2 < Yr+y}
7 1 3 3
W O3F ©@F @3 (0 Nome
Solution: (a)
v
T MATH2004-OldExam.pdf - Adobe Reader - o x
Eile Edit View Window Help *
Tools Sign Comment

SBEOHeN | ®®[:] @ [~ |HB|2 2|
L]

Print Name and Student Number:

e A10. Let the triple integral I = //[ a2+ y? +22dV, where E lies between the spheres 22 + 3y + 22 = 4 and

1% 4+ 4%+ 22 = 9, in the first octant, be evaluated by using the spherical coordinates. Then I =

iR 35 g2
a:[ f f P singdpdd de b:/ [ fpﬂsim;sdpdedas
J0 0 2 o Jo 2
z z 3 21 5 2
c:/ / / p°sin ¢ dpdf dep d:] / [ psingdpdf dp
J0 o J2 0 0 J1
s 53 9
e:/ f [pssinédpdﬁdé
J0 0 Ja

e Al1l. The line integral / F.-drwhere F=ygi+aj+2zkand C: r(t) =t2i+tj+ £k, 0<t < 1is:
C

Solution: (c)

(a)1 (b) 2
Solution: (b)

(c) 3 (d) 4 (e) None

rr
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L] e A12. Let F(z,y, z) = 3zi+ 3yj + zk. Evaluate the surface integral jj F -n dS where S is the open surface bounded
8

by the paraboloid z = 6 — 22 — y? lying above the plane z = 2 (this means that this part of z = 2 is excluded from the
surface). Here, n is an outer normal unit vector to &.

(a) 24w (b) 36w (e) O (d) 64 (e) None of these

End of Part A
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L] Do All six (6) Questions for a total of 44 marks out of a maximum of 80. :

Do not detach nor unstaple this examination. Missing sheets will void any credit for those questions.

e B1. [5+ 3 marks] Find the extrema of the function f(r,y) = = + 2y subject to the constraint y> + zy — 1 = 0 and
classify them as a max/min [3 marks].

Solution: (0,+1). This is because F(x,y,A) = = + 2y — A(y? + xy — 1) must satisfy

JaF

- 1-Ay=0

9F = 2-2y—Az=0
dy

ar o, -0
o - ytwm—l=

The third equation implies that y # 0 so that from the first of these we get that A = 1/y. Using this relation in the
second equation we get that ©/y = 0 or & = 0. Finally, substituting the latter into the third equation once again we
get that y? = 1 or y = £1. It follows that (x,y) = (0,41) arc the extrema. ( f(0,1) = 2 being a maximum and
(0, —1) = —2 being the minimum.)
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e B2, [7 marks| Evaluate the double integral [ = / / e 1@*4) dr dy, by a suitable change of coordinates.
=00 S —00
Solution: Change to polar coordinates on the plane, + = rcosfl,y = rsinfl. Then dxdy = rdrdff and the region of
integration becomes R = {(r.#) : 0 <7 < 00,0 < 6 < 2w}
Then )
= / f e 4@y g dy = / / re 4 dr df = QW] re g =2 T
—ooJ—oo o Jo 0 8 4
v
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e B3. [7 marks| Evaluate the line integral I = / yds over the arc C defined parametrically by = = 2t, y =, 0 < t < 1.
C

Solution: Here ds = \/.L"(ﬁ)E +9/(t)2dt = /4 +9t* dt. Since y = ¢3 it follows that

1
I:/yds:/ tﬂx/4+9t4dt:5—i(13\/ﬁ—a).
Je Jo -

A
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e B4. [7 marks] Determine whether the given vector field F(x,y, z) = 24223 i+ dwyz3 j + 623?22 Kk is conservative and if
so, find a potential function f(r,y,z) such that Vf =F.

Solution: Yes, since curl F = 0. f(x,y,2) = 2wy?2® + C where € is an arbitrary constant.
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22
¢ B5. [7 marks] Let C denote the ellipse % + IJI = 1 oriented positively. Evaluate /(l +e®siny)dr + (z+ € cosy) dy

either directly or by using some theorem. (Hint: The area of an ellipse with axes a,b is given by wab.)

Solution: Use Green’s Theorem. Since Z—Q — ? =1 it follows from Green’s Theorem that f(ﬁ +e”siny)de+ (xr +
r Y c

e*cosy)dy = /] dA where R is the region defined by the ellipse in the hypothesis. Since [[ dA is the area of the
R

ellipse it follows that /(.c +e¥siny)dr + (x + e cosy)dy=m-2-3 =6m.
C
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e B6. [8 marks] Let F(x,y,2z) = 2yi+ 222 j+ x2ye” k and let S denote the hemisphere z = /4 — 22 — 42, Evaluate the

surface integral curl F - n dS using any method. Here n is an outer normal unit vector to S.

Solution: Use Stokes” Theorem. Thus,
//curlF -ndS:fF-dr,
o C
s

where C is the circle 2+ = 4 on the plane z = 0 oriented positively. Using the parametrization = = 2 cost,y = 2sint,

0 <t < 27 for C we find that
27 2w
fF cdr = f F(r(t))-v'(t)dt = / (4sint,0,8cosztsint) (—2sint,2cost,0) dt
C 0 0

27
= -8 / sin® t di
Jo

= -8

~




