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Show ALL calculations
Try to answer ALL the questions

1 Let L be the line in R? that passes through the points (1, —1, —2) and (2, —1, 1) Let ¥; be the plane defined

by
x+y=3z+6=0
(a) Find an equation for L (3)
(b) Find an equation for the plane V5 that contans the hne L and 1s perpendicular to ¥, (N
[10]
2 Constder the R? — R function f defined by
2
_ Y
f(an’) - xz _yz
(a) Wnte down the largest posstble domam D of f {2)
(b) Show that
1
coim o &)
does not exist N
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(¢} Is f continuous at {x, y) = (0, 0)? Give a reason for your answer

3 Consider the R*—R function f given by
S y)=x"=2xy+y?
Let V be the tangent plane to the graph of f at the pomnt (1, —1, 4)

(a) Calculate the rate of change mm £ at (1, —1) 1n the direction of the vector (3, 4)
(b) Calculate the maximum rate of change in f at (1, —1)
(c¢) Find a vector perpendicular to the plane V

(d) Find an equation for the plane V
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[13]

4 (a) State the Chamn Rule for determunng the derivative of the function f o7, 1f 7 1s an R — R? function and

f1san R? — R function
(b) Consider the R? — R function f defined by

S x,y)=Inxy
and the R — R? function  defined by

r( = (2v4, )

Use the Chan Rule that you stated in (a) to calculate ( fo L)' )

)

%)
[7]

5 Use the method of Lagrange to set up a system of equations whose solution will give the answer to the

following problem

Determme the radus and the height of an open cylindncal 1ank that wall have maximum volume subject to

the constramt that the area of 1ts outer surface (bottom mcluded but top excluded) must be 100 m’

Let f denote the function to be maximized, and define all symbols used
DO NOT SOLVE THE EQUATIONS

(8]
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6 Consider the integral
2 pafda-(x-2)?
I = / / | dydx
0 J-x

(a) Sketch the region of integration (3)

(b) Wnite the integral / as a sum of integrals with reversed order of integration (6)
DO NOT EVALUATE THE INTEGRALS. [9}

7 Let D be the region 1n R* that 1s bounded below by the surface z = /x2? + y? and bounded above by the
surface z = 4

() Sketch the region D and show 1ts X'Y—projection on your sketch 3)

(b) Express the volume of D by means of

(1) a double integral and polar coordinates 3)
(n) a triple mtegral and spherical coordinates (5)
DO NOT EVALUATE THE INTEGRALS. [13]

8 (a) State Green’s Theorem for converting a line integral over a closed curve 1n the plane to a double integral
over the region enclosed by the curve 4)

(b) Let C be the curve 1n R? with parametric equation

(x,¥) = (3cost, 3sm¢t), t €[0,2x]

fydx —xdy

Evaluate the integral

C
by

(1) converting the given line integral to an ordmnary single integral (5)
(11) using Green'’s Theorem (5)

(14]
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9 Consider the surface
S= {(x,y,z) eR|z=6—-x*—)*andz > l}
Assume that 515 oriented upward
Consider the flux ntegral
= f [ F ndS,
s
where
E(xsy9z) = (,y; -X, 1)
(a) Sketch the surface S (3)
(b) Explain why Gauss’ Theorem cannot be used to evaluate the integral / (2)
(c) Evaluate the mtegral / (10)
13
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