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Unit9 Reviéw — Parametric Equations, Polar Coordinates, and
Vector-Valued Functions (WS #1)

Reviews do NOT cover all material from the lessons but will hopefully remind you of key points. To be prepared,
you must study all packets from Unit 9.

1. A curve is defined parametrically by x(t) = ¢ — 3t% + 4 and y(¢) = Vt? + 16. What is the equation of the
tangent line at the point defined by t = 37
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2. Anobject moves in the xy-plane so that its position at any time ¢ is given by the parametric equations x(t) =
t* + 3 and y(t) = t3 + 5t. What is the rate of change of y with respect to x when ¢ = 17
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3. A curve in the xy-plane is defined by (x(t), y(t)), where x(t) = 3t and y(t) = t* + 1 fort > 0. What 15%
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4. Ifx(8) = cotB and y(8) = cscd, what is % in terms of 67
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5. What is the length of the curve defined by the parametric equations x(t) =7+ 4t and y(t) = 6 — t for the
interval 0 <t <97
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6. What is the length of the curve defined by the parametric equations x(8) = 3 cos 26 and y(8) = 3sin 20 for
the interval 0 < @ < 2? "T/l 'z
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7. If f is a vector-valued function defined by (2t3 + 3t2 + 4¢ + 1, t3 — 4t — 1) then f"'(2) =
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8. Attime t, 0 < t < 2m, the position of a particle moving along a path in the xy-plane is given by the vector-
valued functlon, f(t) = (e'sin3t, e'cos3t). Find the slope of the path of the particle at time t = %
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9. Find the vector-valued function f(t) that satisties the initial conditions f(0) = (—2,5) and f’(t) = (10t*, 2t).
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10 ! Calculator actle For t > 0, a particle is moving along a curve so that its posmon at time ¢ is (x(t), y(t)).
At time t = 1 the particle is at position (3,4). It is known that — =sin 2t and 2= i Find the y-
coordinate of the particles posmon attime t = ,l’ o{; ’FA’“ ﬂ‘le'a'f_ T—
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11. A particle moving in the xy-plane has position given by parametric equations x(t) = t and y(t) = 4 — tZ.
A. Find the velocity vector.

B. Find the speed when t = 1.
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C. Find the acceleration vector.
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12. It is known the acceleration vector for a particle moving in the xy-plane is given by a(t) = (t,sint). When
t = 0, the velocity vector U(O) = (0, —1) and the position vectgr p(0) = (0, 0). Find the position vector at

time t = 2. .
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14. Calculator active. For a certain polar curve r = f(68), it is known that — =cosf — fsinb and
as =sind + 8 cos 6. What is the value of— at g =67
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15. Calculator active. Find the total area enclosed by the polar curve r = 1 + cos 6 shown in the figure above.
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16. Calculator active. Find the area of the inner loop of the polar curve r = 3 — 6 sin 6.

O=3~6sinl | 4., < jm/‘

. r j /ﬂ@ jﬂ
65“161::5 -,7,6 [ éS j

7 o= l/ f _’—“
e B | 4.9 |

@__I. b o
3 { _ r:/5—3¢os9 “TT/;{

17. Find the total area of the common interior of the polar graphs » = 5 — 3 sin ﬂ@d 173 5 — 3 cos O
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18. Calculator active. The figure shows the graphs of the polar curves r = 4 cos 36 and r = 4. What is the sum
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Name: Date: Period: l\IQ
BC Calculus Unit 9 Parametric & Polar Test Review WS #2

Calculators Allowed: Show all work that lead to your answer to earn full credit.

1. What is the length of the curved defined by the parametric equations x(t) = 9 cos t and y(¢t) = 9sint for the

interval 0 <t < 2n?
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2. Calculator active. Find the area of the region inside the circle r = 1 and outside the cardiod 7 = 1 — cos 6.
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3. Ifx(t) = 2t3and y(t) = 3 — t, what is 37’; in terms of £?

di_ g0, 31 3

= LI S e
Ax  x(t) g4 2 2T a" @t
@ c‘fj i ; -
49 (Z) o+ar e I
e W — Y ——— = 3t} et?
At 2 gt*

4. The position of a remote-controlled vehicle moving along a flat surface at time t is given by (x(¢), y(t)), with
velocity vector v(t) = (3t2,2t) for 0 < t < 3. Both x(t) and y(t) are measured in meters, and time ¢t is in
seconds. When t = 0, the remote-controlled vehicle is at the point (1, 2).

a. Find the acceleration vector of the remote-controlled vehicle when t = 2. /
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b. Find the position of the remote-controlled vehicle when t = 3. 2
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5. Which of the following gives the length of the path described by the parametric equations x = 2e3* and
y =3t +tfrom0<t<1?
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6. Calculator active. A polar curve is given by r = = What angle 6 corresponds on the curve with a y-
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8. Calculator active. Find the area of the region common to the two regions bounded by the curvei T = 6cos 9’
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9. Find the vector-valued function f(t) that satisfies the initial condmons f(0) =(3,0), and
f' (t) = (451n— —2 cos 2t). j{t) __J “deos 2t 1‘L w0
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10. Ifx = 7cos 8 and y = 7 sin 6, find the slope and the concavity at § = —.
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11. Calculator active. At time t > 0, a particle moving in the xy-plane has ve1001ty vector given by 7 i olowin
v(t) = (9t%, et). If the particle is at point (3,4) at time ¢t = 0, how far is the particle from the origin at time
t =27
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12, Find the slope of the tangent line to the polar curve r = 2 cos @ — 1 at the point where 8 = 32::
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[3. Find the slope of the tangent line to the curve defined parametrically by x(t) = 2 cost and y(t) = 3sin®t at

. Ay j(f) G sir cost

(t)=3[snl)]" | K™ xeo) T Tag® — = 3es(t)

() =4[ sitt)]cos(z) | 4
j - = - s(B) = =3 L) = |=3
X (1) =-2sinl<) ot t=74 o ( 3) (1) E{




14. Calculator active. The graph shows the polar curve r =3 — 6 for 0 < 8 < w. What is the area of the

region bounded by the curve and the x-axis?
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15. Attime t, 0 <t < 2, the position of a particle moving along a path in the xy-plane is given by the vector-

valued function, f(t) = (cos 2t, sin 4t). Find the slope of the path of the particle at time t = E.
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16. Find an equation for the line tangent to the curve given by the parametric equations x(t) = t? + 1 and

y() =t3+t+1, whent = 2.
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17. Calculator active. Find the total area enclose by the inner loop of the polarcurve r = 4 — 55sin 8, shown in

the figure.
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BC Calculus Unit 9 Parametric and Polar Test Review WS #3

Calculators Allowed: Show all work that lead to your answer to earn full credit.

1) What is the slope of the tangent line to the curve defined parametrically by x(t) = t and y(t) = - (tz - 4),

X =y t =0 at the point (2,3)? - s L w4
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d=Vt | 4(t)=g(t24) ()= Lt P
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3) Which of the following gives the length of the path described by ihe parametmc equations x = et and

y=1-2tfrom0<t<3?
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4)  The position of a particle moving in the xy-plane is

defined by the vector-valued function, ¥set v( 'f) =0 for both V‘r‘{'l“‘j
f@) = (7 -9t +1, 2t3 — 15¢ — 36t +1). aed forizontal componcn'fs
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5) Attimet, 0 <t < 2m, the position of a particle
moving along a path in the xy-plane is given by the

vector-valued function, f(t) = (e cost,

e%* sint). Find the slope of the path of the particle

attime t = %
| 24 2
x(4)= 8 cost + € [-sint)
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6) Calculator active. Attimet > 0, a particle moving in the xy-plane has a velocity vector given by v(t) =
(2,27%%). Ifthe particle is at point (1 ) at time t = 0, how far is the particle from the origin at time ¢ = 1?
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7) Calculator active. The position of a particle at time t > 0 is given by x(t) = @ and y(t) = t% + 1. Find
the total distance traveled E)y the particle fromt =0tot = 2
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8) (.alculator active. The velocity vector a particle moving in the xy-plane has components given by — = sin2t
d X = gCoSE Attime t = 2, the position of the particle is (3,2). What is the x-coordinate of the posztxon

ququat time ¢t = 37 i’)
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9) A particle moves along the polar curve r = 4 — 2 cos 8 so that — = 4. Find the value of — at g = ;.

%“f/)mk re&(‘l’ej ra\‘f‘e; ngio <
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10) Calculator active. For a certain polar curve v = f{8), it is known that ;Es = 3cos8 — 38sin0 and

=~ == 3(sin 6 + 6 cos §). What is the value of— at g = 37
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11) The graph to the right shows the polar curver = 2 + cosf for0 < 6 < .
What is the area of the region bounded by the curve and the x-axis? 7 5¢9
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12) Find the area of the shaded region for the polar curve r = 1 — cos 8. 0.1#%
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13)Find the total area enclosed by the polar curve 7 = 2 + 2 cos 26 shown in the figure

T A4 Tl

?a Qeosit) dB ~Ziws‘oi

14)Write do not solve, an integral expression that represents the area enclosed by the smaller loop of the polar
curver =1 —2sing.

S

N LA | N A=

1
| 2

i-—-—) D

N . ~ 57/ :
¥ Hn.j ‘:solar Zevos )qﬂ,d - éJ /{’(i -Q 5!4@)‘1—.’39
r:l-@s?nf?' "l
O=1-8sia
dsin@ = |
SinG= lfi
=T 5,

15) Find the limits of integration required to find the area of one petal of the polar graph 7 = 4 sin 34 in the second
quadrant.
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16) What is the total area between the polar curves r = 2 sin 36 and r = 5sin 36
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17)

The figure to the right shows the graphs of the polar curves r = 2 cos? § and

r = 4cos? @ for — E <6< E Which of the following integrals gives the
area of the region bounded between the two polar curves‘?

Pt
Afzﬁx 0{ Lar a2y’ - r‘?/‘\ Lg §f‘ Iz‘fr k
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18) Find the total area in the first quadrant of the common interior of 7 = 4sin 20 and r = 2.

(*m-fersec-hon, Ysinde= Q| 4o= Si:":'(‘ii)
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19) Find the area of the common interior of the polar graphs r = 3 cos @ and r = 3sin 8.
| Hintersection:
3s/n9 = 3ios G
3sin@ _ 3osO
3cos@ " 3cost

. _-ﬁzq =/ 3 @:?T/gf
qﬂkt

| e
3| [3en6ede + 4[ BusoTlp
P}

),

[Area= 1234]

20)

Let S be the region in the 1* Quadrant bounded above by the graph of the

polar curve r = cos 6 and bounded below by the graph of the polar curve
ro= %9, as shown in the figure. The two curves intersect when 8 = 0.275.
What is the area of §?
-
| 0275 ; Vo
"3
- 2TaN\ i, . .72
Arl?d: &J (%@) (j@’ + 2 [w:@’:(,,j(?
G 0.875
B . PR A - Y




( Uni “' Q> 1Rarametric functions: where x and y 12 [7aenZ  fagnZ |
coordinates on a graph are given in terms of a third variable Parametric Arc Length: (s) = [ (?1?) + (Eyt—) dt !

"t x=f(t) and y = p(t) are parametric equations and ¢ is i

called the parameter. " & 2 dy 2 l
*Eliminate the parameter, and use substitution to write f icle: lv 3 ’ A | et N 4
rectangular equation. Speed of particle: [V(¢) - dt dt
*Rectangular equation only shows path of graph
*Parametric Equation tracks more info: Includes the path, ; ! dx 2 6{] )\ I
speed, and direction of graph Distance of particle ﬂvlz j el i ¢ —a? dt "
h 4 df r I
E{ 35’_ *Distance of particle IS the parametric arc length i
d}" 9 £
@ _ g _ 3 and d’y _ dt\dx $ J' speed is the total distance traveled along the curve (arc length)
de &% () A * [velocity is the displacement (net change in position where posi

dr dt J‘VB OClly 15 e displacement (net change postiion CIe posiIves

dy and negatives cancel )

*Horizontal tangent occurs where —— = ()
# dt * Final Position = Xoitial Position + Displacement

.- g dx
*Vertical tangent oceurs where ? =z Arc Length:
! :

Arg length () =f: 1+ (g%)sdx or ff ’1 + (g-;)zdy

0 £
*Beware of — , which is neither a hovizontal nor vertical ey , H
0 Parametric s = f:f (%) -+ (-‘fé) dt or frt1 VN + O )2dt

tangent

ds® = dx® + dy?

Area of a Surface of Revolution in Parametric Form

. A 2 d % : : e 2 ‘ d 2
Revolution about x-axis; § =27 J.[ B0) (—-{i;) +(§tﬁ) dx  Revolution about y-axis: S = er_flzx(t) (;z'?) +[;i}tij dx
s + ) 1 )

(Ch. 10.4 - 10.5) Polar Equations: Ordered pairs are Polar Region bounded by a Pelar Curve;
expressed as (#,6) with Oas the independent variable. - Derivatives; Area of a eircular sector: =% 7
r= distance from origin 8= directed angle from polar axis @ o A ',
origin is ealled the pole.  x-axis is called the polar axis & _d0 _Y©) | PolarAren Enclosed Region: A= L P @
Polar to Rectangular Rectangular to Polar d & 5B
oy ' ; dg
X = rcgs.H R +y? - "
y=rsiné y Arc Lenoth Polar Carve: § = J. 4 r? 4 [}"(9)] de
tan g = = b
T .
(Ch. 10.4) Special Polar Graphs Limacons:r=aztbcosd or Rose Curves 7= acos(nb), r = asin(nd)
b=a dbsind (a>0,b>0) *coefficient a is the length of each petal
Circles: r=gcosd or r=qsind [DTQQ;:]CS out 1 rotation Clockwise fom | sgp g odd, then there are n petals on graph

T T N T T T T T T

*Traces out 1 tatation CCW from [0, 77] i I If n is even, then there are 2n pefals on graph

*COefﬂCiGnt a is th@ length Of the diam&tel' *constant — coefficient = inner radius

*cosine graph symmettlo to x-axis itaphs going through poles (origin): *If 0 is odd, 1 rotation traces out CCW from
*sine graph symumettic to y-axis Cardioid:; once [0,7]

_ Limacon with inner loop: twice *If m is even, 1 rotation traces out CCW from
CCOW = counter clockwise Dimpled Limacon: none [0,27]
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