1. Give the missing values:

s

2,—2) in polar coordinates = (0 ) in rectangular coordinates.

(@) (-
(b) (2
(c) (3, F) in polar coordinates = ( -3 ,%) in polar coordinates.
(d) (2,—

77) in polar coordinates = ( 2, % ) in polar coordinates.
s

-

, —2) in rectangular coordinates = ( —2V2 —“) in polar coordinates.

2. (4 points) Set up an integral to compute the common area between the rose r = sin 26
and the circle r = cos 0.

Points of intersection:

sin20 = cos0
2sinflcosfd = cosf
cosf) = 0Oor sinf = —
g _ _ToT
66 2

The area is given by
/6 1 w/2 1
A= 2/ — sin® 20d6 + / — cos® 20d0.
0 2 /6

3. A parametric curve is said to cross itself if it passes through the same point (z,y) for
two distinct values of the parameter ¢.

(a) Show that the curve z = 3 — 4t, y = t* crosses itself at the point (0,4) and give
the values of ¢t at which the curve crosses itself.



(b) Find the equations of the two tangent lines to the curve in part (a) at the point
(0,4).
(a) = 0 when t = —2,0,2 and y = 4 when ¢t = —2,2. Thus the curve passes
through the point (0,4) when ¢ = —2, 2.

(b)

dy 2t

dv 32 —4

Att =2, g—g = % and at t = —2, j—g = —%. Therefore, the equations of the tangents

are )
4= =
and )

—4=—=x.
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4. (a) Show that the equation of the cardioid r = 1+ cos @ can be written as r = 2 cos? g.

(b) Find the arclenght of the cardioid in part (a).
(a) The half angle identitiy states that

7
200825 = (1 + cos¥b).

Therefore,

r=14cosf = 2(:0525.

(b) The length of the cardioid is given by
2m dr\?
L = 2 .
/0 \[7+ < 7 9) do

2m

_ / V/(1+ cos0)? + sin? 0o

0

27

= V2 4+ 2cos0df

0

2
= \/5/ v'1 -+ cos 6do
0
27 9
- V2 \/2cos? —df
0 2
27 6)
_ 9 /
0
w/2 0 3m/2 0 2m
= 2 / cos —d@—/ cos —dc9+/ cos Qd&
0 2 /2 2 3m/2 2

= 8.

cos—‘ df
2

5. (a) Use triple scalar product to determine whether the points P ((1,0,1), @ (2,4,6),
R(3,—1,2) and S (6,2, 8) lie in the same plane.
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(b) Find the scalar and vector projections of the vector u = (2, —3, 1) onto the vector
v=(1,6,-2).

(a) The 4 points will be coplanar if the parallelipipped with sides PQ, PR, PS
has volume zero. We use triple scalar product to compute that volume:

—
PQ = (1,4,5),
—
PR = (2,-1,1),
H
PS = (5,2,7).
1 4 5
— — —
PQ-(PRxPS) — |2 -1 1]|=0
5 2 7
Therefore, the 4 points lie in the same plane.
(b)
Co u u-v 18
m = = — :
o VMV
u-v 18
Proj,u = v=——(1,6,-2
Jv |V|2 \/H< >

B <_ 18 108 36>
Vi VA var/



