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Values
1. Inall of (a), (b), (c), (d) and (e) below, we consider the vector function
r(t)=(2cost, 15, 2sint ).
[5] (a) Find the length of the arc between the points corresponding to t =0
and r=m.
V4 /4 7[
Solution: s = [|r'(1)|dr = [V4sin’ 1 +4cos’ t + St = 31 =37
0 0
[4] (b) Sketch r(t)= (2cosr,rJ§ ,ZSint) .
Solution.
[5] (c) Find the unit tangent vector at the point (2,0,0).

Solution.
r'(t)= (—2 sint,\/5 ,2cost) (found in (a) too), and since the given point happens when

t =0 we have that r’'(0) = (O,x/§,2) . The length of this vector is |r’(0)| =+5+4 =3 and

1
so the unit tangent vector at the given point is T(0) = 5(0,\/5 ,2) .

[4] (d) Find one point on the curve defined by the vector function r(¢) where the
normal plane is perpendicular to the unit tangent vector found in (c) above.
Solution. We have one such point already: part (c) tells us that (2,0,0) is such a point!

1
Otherwise (if that the above approach is overlooked we solve r’(t) = kg(O,\/g ,2) , l.e.,

(—2sint,\/§,2cost) = k%(O,\/g,Z).

[6] (e) Find the bi-normal vector at the point found in (d) above.
T'(r)
T'(t)

found above that r’(¢) = (—2 Sint,\/§,2COSt) and that |r’(t)| =3.S0

Solution. We need the unit normal vector N(z) = at point when 7 =0. We have

1 1
T(t)= 5(_2 sint,x/g,Zcost) . We differentiate to get T’(¢) = 5(—2cost,0,—2 sint). At

1 2
t =0 we have T’(0) = g(—2,0,0) and the length of this vector is obviously 3
Consequently N(0) = (-1,0,0) . The bi-normal vector is the cross product of

1 1
T(0) = 5(0,\/5 2) and N(0) = (~1,0,0) : we compute it to get B(0)= g(o,—z,\/E ).



[6] 2. Show that the following limits do not exist.

a lim
@ (x3)=(0.0) x* + y2

1
Solution. Along x =0 the limit is 0, while along y = x it is 5 That shows the limit

does not exist.

2

(7] ®  lim =2

(2)=(0.0) x* + y*

Solution. Along x =0 the limit is 0. Along x =y the limit is 1 and so the limit does not
exist.

Values
[3] 3.  (a) State the definition of ( 1)1rr(1 ) f(x,y)=L.

Solution. ... (see lectures/textbook)

[7] (b) Use the definition if limit (part (a) above) to show that

1 1
( l)irr(lo O)4x2 +4y° + 3 = 3 No points will be awarder if other methods are used.

Solution. We want to show that for every € >0 there is some 6 >0 such that if

JX* 4y’ <8 then ! !

———| < &. We simplify the last inequality a bit (the
symbol < stands for “means the same as”):

—
4x* +4y* 3

posive

<es ‘4x2 + 4y2‘ <& & 4x° +4y° <e. Going a bit further we get:

1 1

4 +4y" +———

3 3

£ £ £

4’ +4y’ <eox*+y° <Z<:>\/x2 +y° <\/;. Now we see that if we choose 5=\/;
£

then /x* +y* <& would imply /x* +y* < \/; and so, going back along < -s, we will

1
get |—5—— +—— —| <& as wanted.
4x"+4y" 3
(4] (c) Use the Squeeze theorem and the result of part (b) to show that

1 1
( 1)11’1(10 0 3x* + 4y + 3 = 3 No points will be given if other methods are used.
x,y)—\0,

1 1 1
Solution. Notice that — < 3x* +4y* + — <4x” + 4y + —, By the Squeeze theorem we
3 3 3
1 1 1
have lim —< lim 3x°+4y’+—< lim 4x°+4y”>+—. Since the two limit at
(x.)=(0,0) 3 (x.y)=(0.0) 3 (x¥)-(00) 3

1
the ends of the inequalities are both g (one of them done in (b) above), it follow that

1 1
lim 3x°+4y>+—=— too.
(x.y)-(0.0) 3 3

4. Given that f(x,y,z) = x(sinz)e”

[5] (a) Find all three first partial derivatives.
af . X X af 2/ xy af xy
Sol. —(x,y,z)=sinz[e™ + xye®], =—(x,y,z) = x"(sinz)e” and —(x,y,z) = x(cosz)e”
ox dy 0z
2 2
[4] (b) Find aaz—aj;(l,l,n') (or was it aay;; (1,1,m) ?).
2 aZf
(x,y,2) = x’(cosz)e” and so (LI,mr)=—e.

0zdy 0zdy



