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This is a final-answer question.

(@) [1 pt]

(b) [2 pt]

This is a final-answer question.

Solutions

Versions

uxXv
VA (2,1,0)
V2 (2,0, —2)
V3 (=2,1,0)
V4 (6, —8, —b)
Versions proj, u
Vi Gt
V2 (0,1,0)
V3 (0,0, —2)
V4 (2,2,0)

(a) [2 pt] Note that the below parar_n_elric equations are calculated for the point P
and the direction vector PQ. Other solutions are also possible.

Versions VA V2 V3 V4
r =1+ 2t, r =1-=-2t||lx =241, r =4-—t,
Par.egns. forli|qy =—-1+3t|sy =1—t, |[{y =—-1+t|{y =2—2t,
z =4—1t z =2—4t ||z =1-2t z =—14+3t




(b) [2 pt]

Versions A simplified component equation for the plane
VA T+2y+z2=3
V2 TH+2y+22=7
V3 20 =3y +2z=28
V4 r—2y—z=1

Define the function f: R — R as follows:

f(z) =/ 2?cosz + 3a?

(a) [3 pt] Note that f(x) = |z|v/cosz + 3.

The piecewise f(x) function is also accepted.

lim @ = lim m\/Cosm—i—B

z—0t X z—0t T
and
lim @ = lim |x—|\/cosx+3
x—0— r—0- T
Since M = +1forz > 0, and m = —1 for x < 0 we have
xXr A
lim m\/coszic +3=] +2
z—0t T
and
lim m\/COS:I; +3=| =2
x—0— X

Left- and right limit are not the same, so lim,_,q % does not exist
(b) [2 pt] The derivative of f at 0 is

£(0) = lim ) =1O) _ S0

h—0 h h—0 h ’

which does not exist according to assignment (a).



4. Define the function f: R — R as follows:
f(z) = z* — 227
(a) [2 pt] Critical points:
» The function f is polynomial, so the only critical points are values x for

which f/'(z) =0
fl(z) = 42° — 4a
So f’(z) = 0 whenever 4z(z* — 1) = 0, which is the case if z = —1, z = 0
andz=1.
(b) [2 pt] Check the function values of the critical values on [— 1, 2] and the boundary
points:
z | flz)
-1 -1
0 0
1 -1
2 8

The minimum value is —1 (attained at —1 as well as at 1), and the maximum
value is 8 (attained at 2).
5. [3 pt] If polar coordinates are used, the calculation should look like this:

, 23 + 212 . 13cos® 0 + 2r3 cos fsin? 0
lim ——= = lim
(z,y)—(0,0) xr2 + yQ r—0t r

= lim 7%(cos® § + 2 cos #sin®f),
r—0+t

which is in the form of lin% f(r,0). Here f(r,0) = r*g(6), where g(6) = cos®6 +
T—

2 cos fsin? 0. It can be shown that g(6) is bounded, that is —3 < cos® #42 cos § sin® § <
3. Then,

lim 7%(cos® @ + 2 cosfsin® ) = 0
r—0t

We can also acknowledge the boundedness of g(f) by expressing the limit above
using the Sandwich Theorem. Finally, the limit exists and it is zero.

6. This is a final-answer question.

(a) [2 pt]

(a,b,c) = (—4,3,5)

(b) [1 pt] Do not penalize if the answer is not simplified.

i i i . T 2
Linearization of f : 1 — 5+ ?y

Total: 22 points



