Parametric and Polar Free Response Answers:
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—=\ AP Calculus BC
\'"31 CHAPTER 11 WORKSHEET ANSWER KEY

PARAMETRIC EQUATIONS AND POLAR COORDINATES

Derivatives and Equations in Polar Coordinates

1. The graphs of the polar curves r; = 6sin36 and

r, = 3 are shown to the right. 3 r = 6sin 30
(You may use your calculator for all sections of this problem.) 2- .
1

a) Find the coordinates of the points of intersection
of both curves for 0 £ 0 < g Write your

answers using polar coordinates. —
Points of intersection are collision points: :
65in30 =30 =— and Rl
sin30=3-0= and —

18 18

Or 6x=0.1745 and 0.8726
r=3-(3,0.1745) and (3,0.8726)
b) Write the coordinates of the points of intersection using now rectangular coordinates.
(3,0.1745) - {" =recosf =295 1 954 0.5209)
T y =r-sin8 = 0.5209 v

(3,0.8726) - {’; - :g‘:jg N 21_'353 - (1.928,2.298)

dar.
¢) Find d_el o- . Interpret the meaning of your answer in the context of the problem.

.p

dry dry
By hand: —— = 18 cos 30 -2 = -9V2

de

d
Using a calculator: —— (6 sin 39)| ~ —12.7279
do g=T

When the graph of r; = 65sin 30 istraced at 8 = g radians the distance to the pole is
decreasing at a rate equal to 12.7279 units per radian.
d) For 0 <0< -125, there are two points on r; with x-coordinate equal to 4. Find the subject

points. Express your answer using polar coordinates.
x=1;"c0s0 =6sin30-cos®=4->0=~0.253 and 0.696

8 ~ 0.253 > r; = 65in(3(0.253)) =4.1317 - (4.137,0.253)
8 ~ 0.696 — r, = 65in(3(0.696)) =5.213 - (5.213,0.696)

d :
e) Write in terms of 6 an expression for d_::c’ , the slope of the tangent line to the graph of ;.

d .
dy %_3cos395in9+siin39cose

E_a_Bcos%cose—sinSOsine

do
f) Write in terms of x and y an equation for the line tangent to the graph of the curve ry at the

point where 6 = Z

dy 1
dX9=E_2
x=r1-cose=3} _i
y=rsing=3f"Y 3% (" 3)




2. The graph of the polar curve r =4 — 4 sin @ is

shown to the right.
(You may use your calculator for all sections of this problem.)

a)

b)

d)

]

For 0 < 0 < 2m, there are two points on r with y-
coordinate equal to —4. Find the subject points.
Express your answers using polar coordinates.
y=7-+sin0=(4—4sin0)sind = —4
-0~ 38078 and 5.6169
0 ~ 3.8078 » r = 4 — 45in 3.8078 = 6.472
- (6.472,3.8078)
0 = 56169 » r =4 —4s5in5.6169 = 6.472
— (6.472,5.6169)
Write an expression for the x-coordinate of each point on the graph of r = 4 — 4sin6.
Express your answer in terms of 6.
x=r-cosb = (4—4sinB)cosO
A particle moves along the polar curve r = 4 — 4sin@ so that at time t seconds,
6 = t2. Find the time ¢ in the time interval 1 < t < 2 for which the x-coordinate of the
particle’s position is —1.
x = (4—4sint?)cost> =—-1 -t = 15536

ar
Find It . Interpret the meaning of your answer in the context of the problem.
t=2
r=4—4sint?

Bhddr 8t cos t* il 16 cos 4
: — = -8 ->—| =-
y hand: — cos 70, cos
d
Using a calculator: T (4 — 4sint?) ~ 10.458
t=2

As the particle moves on the graph of r = 4 — 4sin 8, when t = 2 seconds the distance to
the pole is increasing at a rate equal to 10:458 units per second.

dx
Find pre . Interpret the meaning of your answer in the context of the problem.
t=2
~ 14.4368
t=2
As the particle moves on the graph of 7 = 4 — 4sin @, when t = 2 seconds the particle
moves to the right with a horizontal speed equal to 14.4368 units per second.

: d L2 2
Using a calculator: E((4 —4sint”) cost®)
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. dr .. . . . . ..
Since — >0, r is increasing. This means that the curve is getting away from the origin.

r=+2+2sin6=0=0=

y~rsin9:>3=(\/—+2sin6)-sine.Usingthe calculator: 6 ~1.171 or 1.970
7n/4
L] (V2 +2sin6) do ~0.142

Sn/4

Tn/4
% =2¢c0s0=> | \/(Vz +25in0) +(2cos0) d0 ~1.440
n/4
1 13n/4 ’ 51;/4

= [ (V2 +2sin6) do ~12.425 or - j (V2 +2sin6) are+E I(\/_+2sm9)2d6 ~12.425

/4 Tr/4

or 2-{15}“ (V2 +2sin6f de} ~12.425
n/2

]74 \/ (\/5 +2sin€)2 +(2c0s0)’ d0 ~12.754 or

Tn/4

Sn/4

\/J—+2sme) +(2c0s6)2do + j\/(f+2sme} (2cos8) o ~12.754 or

Tr/4

% ﬁM J(V2 + 2sin6) +(2c050) de] ~12.754

n/2

12.283

r—dsin20=2=0=":T
12’12

5n/12 n/2
45in 26) de+— @) de+% [(4sin26) do ~ 2457 or

1r/12 5r/12

nf12
;]
/12 1 5m/12
[ j(4smze) de}r— [@) do ~2.457
n/12
457 x 4=9.827

d——8c0529 and ﬂ=O
do do

/12 Sm/12

j J(4sin20) +@Bcos20f do+ [ (2 +(0) a0+ n./[z\/(4sin29)2 +(8cos20)2d0 ~ 6.143

/12 5n/12

or 2. H J(@sin20)* +(8cos 26)° de} Snfz\/(z)z +(0)d0~6.143

n12
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5. a) J

At P, iy - Ji+¢7, 50 y = 3 1: coordinates of P

’ 4 2: dx .
Since 2 = Ey T = _5_ 1 }.’T at P
37 4’ Y

dz 1 d 3 3

@w_ Y ¥ ap A2

ay NS yg z dy 54 5

b)

z=rcosf; y=rsind
2 —y? =1=r?cos’d —r?sin®6 =1
) 1
cos® § —sin? @
c)
Let 8 be the angle that segment OP makes with

r

3
the z-axis. Then tang = % =24 - %

-1/3
Area = j;:w (%) %r2 de

1 pteal(%) 1

= i= ] T 9
2Jo cos” 0 — sin~ 0

1 : substitutes £ = rcos@ and
y=rsinfinto g —y* =1

1 : isolates r?

{ 1 : limits

1::iintegrand and constant



