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L y(t) = 200 = 3¢° x(t) = 268 - 12¢ 4. x=200+3 y =10 + 4
7, _ _ 7 — 2 _
V() =20 - 5¢ X(1) = 61> — 24¢ ? 443 %y a3y
@ _ 2 t ’
dx  X(1) Att = 2,
2 2
20 — 5¢ dy _de/di _ 3+ 8 _3(2) +8(2) _ 28
T 67 — 24 dx  dyjdi 4 +3 42)+3 1r
20 -5
0= At =2 x(2) = 22 +3(2) = 14 and
0 =20 - 5t ¥(2) = (2) +4(2)° = 24.
5t = 20

An equation of the tangent line is

t=4 y—24:%(x—14).

x(4) = 2(4) - 12(4) = —-64
So, the answer is B.
5,2
¥(4) = 20(4) - 5(4) =40 5. x =rcos @
The particle is at rest when ¢ = 4 at the point (—64, 40). = (3 + 5 sin 6)(cos 6)

So, the answer is B =3cos @ + 5sin 8 cos 6

. ) . & —3sin @ + 5 sin O(—sin &) + 5(cos F)(cos )
2. 4=2-1["(sin>6) a6 = [ sin* 0.do de
= —3sin @ — 5sin? @ + 5cos* @
So, the answer is C. .
y =rsinf
3. x=rcos8 y = rsin @ = (3 + 5sin 6)(sin 8)
= O cos 0 =0sind = 3sin 6 + 5sin® @
ﬁ=—t9sin6’+cost9 Q=9c056+sin9 d—y=3c059+10sin6c0s9
do a0 7
dy _ dy/d® _ @cos @ +sin @ At 6 =0,
dc  dx/d0  —6sin @ + cos 0
dy
T dv 4o 3 cos @ + 10 sin 6 cos 6
At @ = ——, & _ do _ : '
2 dc  dx  —3sin @ — 5sin’> @ + 5cos’ O
T ol =% + sin| - % @
A _ 2 2 2)_ -1 _2 __3M+0 3
& r_ (=« A, 0-0+501) 5
= sin| == | + cos| - = -
2 2 2 2

So, the answer is B.
So, the answer is B.
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6. 4=4["[(5) - (5c0s20)" | a0 7. ALl =4,
s dy dy/dt
_ V] _ 5 —_ =
= 4]0 (25 - 25 cos26) d6 dx  dx/dt
e[ 1 _ Y@
=100’ [1 ~ 5 cos 29(2)} deo ()
| . /4 2 +3
= 100{ @ — —(26 + sin 26 cos 26) =
4 0 tcost
. . 2¢* +3
V4 V4 = T°
=100/ |= -~ = +0|-]0—-—(0
[5-i50)-[o-0]
=~ —1.147.
257
= D So, the answer is B.
= 39.270
So, the answer is B.
8. (a) At ¢ = 3, the speed is 2 ot 1 pt: expression for speed
s:
) &y 2 ; 3 B P 1 pt: answer
—j + (—J = \/(e" o 2) + (3325 - 2)
dt dt
2 2
= \/(6’32“ - 2) + (325 - 32) ~ 12.165.
s |(dxY dyY 5 241 ’ 7\ i
(b) J‘O o + o dt = J‘o (e - 2) + (3 25 — ¢ ) dt 3 pts: 2 pts: integral (arc-length)
59.725 ! pt: answer
Note: Be sure to write down the
appropriate definite integral before
numerically approximating it on
your calculator.
3.dy .
(© »(3) = »(0) + I — dt 2 pts: integral

0 dt

3 4 pts: <1 pt: uses initial condition
=3+ [ 3Vas-2di

1 pt: answer

i

45.131 .
Note: Be sure to write down the

appropriate definite integral before
numerically approximating it on
your calculator.

Notes: Round each answer to at least three
decimal places to receive credit on the exam.

Use “~” rather than an equal sign in
presenting these approximations from your
calculator. Because these are approximations,
a point may be deducted if an equal sign is
used.
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9. ) Y - dy/dt
dx  dx/dt
_ —sin ¢
2t — 5cost
When ¢ = 4, @ _ —sin 4 _ sin 4 ’
dx  2(4) —5cos4 8 — 5cos 4

So, an equation of the tangent line is

sin 4
Y 8—50054[x ( )]
sin 4
=3—-———(x+1)
Y 8—5cos4(x )

(b) dx =2t —5cost
dt

0 =2t —5cost
t = 1.11051

Because »(1.11051) < 0, the direction is down.

0 dy
y(4) + J‘4 E dt

0 (—sint) dt

(©) »(0)

Il
W
+

L—-

3= [ (~sin 1) de

N
>
(o))
N
@
(@)}
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1 pt: uses dy/dt
2 pts: dx/dt
1 pt: equation of tangent line

to compute slope of tangent line

1 pt: z-value with justification [sets % = Oj.
2 pts: <1 pt: answer with explanation

(considers the sign of % at this t-Value]

1 pt: definite integral
3 pts: 41 pt: uses initial condition
1 pt: answer
Note: Be sure to write down the appropriate

definite integral before numerically
approximating it on your calculator.

1 pt: answer

2 2
@ j: (%j + [%j dt = j: \/(—sin t)z + (2t — 5 cos t)z dt 2 pis: {1 pt: definite integral

= 26.657

Note: Be sure to write down the appropriate
definite integral before numerically
approximating it on your calculator.

Notes: Be sure to round each answer to at least three
decimal places to receive credit on the exam.

Use “=” rather than an equal sign in presenting these
approximations from your calculator. Because these
are approximations, a point may be deducted if an
equal sign is used.
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_ 1 2
10. () 4=1 jm 2 do
_1(" 2
=1 jﬁ/z (26 + cos 6)° d6
=~ 13.338
(b) y=rsiné
= (260 + cos ) sin 0
=260sin @ + sin @cos 8 =1
6 = 2.93575 radians
x = rcos @
= (26 + cos 6) cos
= 26 cos 6 + cos’ 0
x(2.93575) = 2(2.93575) cos(2.93575) + cos*(2.93575)
= —4.790
(c) x=rcos@
= (26 + cos 0) cos 6
=20 cos 6 + cos® @
& _ 29(—sin9)ﬁ+2ﬁ~cose
dt dt dt
+2cos 6 - (—sin 8) 49
dt
When 6 = 3—ﬂ-andﬁ =3,
4 dt

R S ]

—-11.239.

i

So, the particle is moving to the left on the rectangular
coordinate system.

2 pts:

3 pts:

4 pts:

Notes:

1 pt: integral
1 pt: answer
Note: Be sure to write down the appropriate

definite integral before numerically approximating
it on your calculator.

1 pt: finds y(6)

1 pt: finds @ for whichy =1

1 pt: finds x(6) and computes x(2.93575)
Notes: Be sure to write down the appropriate

equation before numerically approximating its
solution on your calculator.

In the intermediate step, round the value of 8 to
more than three decimal places to use to determine
the value of x(6).

2 pts: Chain Rule with respect to ¢
[ computes (cx/df) - (d6/dt)]
1 pt: answer

1 pt: interprets answer

Be sure to round each answer to at least three

decimal places to receive credit on the exam.

Use “~” rather than an equal sign in presenting the
approximations from your calculator. Because these are
approximations, a point may be deducted if an equal sign
is used.
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11. (a)

(b)

©
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A:37r+2-l.f” (2+200$6’)2d6’
2 Jdx/3

= 14.197
ar_dr
dt  dé
dr do_dr do
dt dr de dr
do _,
dt
r=2+2cos @
ﬂ=—25in9ﬁ=—2sin6’(1)=—2sin9
dt dt

At 0 = %’ ﬂ = -2 sin% = —2[\/5] = —\/g = —1.732.

dt 2

So, the particle is moving closer to the origin of the polar
coordinate system.

& _
dt de
& do _ds do
dt dx dé dx
ao _,
dt
x = rcosé
ﬁzr(—sin 9)ﬁ+cost9ﬂ
dt dt dt

(2 + 2 cos 8)(—sin 6) 46 + cos @ dr
dt dt

7 do dr
When § = —, — = 1,and — = —~/3,
3 dt dt \/_

% = (2 + 2 cos %J(—sin %j(l) + cos[@(—ﬁ)
= (3)(—\/3] + [%(—ﬁ) = 23 =~ —3.464

2 2

So, the particle is moving to the left on the rectangular
coordinate system.

1 pt: integrand and constant
3 pts: <1 pt: limits of integration
1 pt: answer
Note: Be sure to write down the appropriate

definite integral before numerically
approximating it on your calculator.

1 pt: computes ﬁ = ﬁ
3o ' at at
pts: 1 pt: answer

1 pt: interpretation

1 pt: represents x in terms of &
dx
d6
1 pt: answer and interpretation

dx
3 pts: <1 pt: computes — =
dt

Notes: Be sure to round each answer to at least three
decimal places to receive credit on the exam.

Use “~” rather than an equal sign in presenting the
approximations from your calculator. Because these
are approximations, a point may be deducted if an
equal sign is used.
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12. (a) 4 = %j:/() (1 -2sin 0)2 de - 1 pt: integrand and constant factor
" |2 pts: limits of integration
(b) x =rcos@ = (1—2sin#)cos & = cos & — 2 sin  cos 6 1 pt: writes x and y as functions of 8

dx dx do

dx . de . . de 1pt: finds — = = . 22
— = —sin & — — 2[sin O(—sin 6) + cos H(cos B) | — 4Pt

” sin ” [sm (—sin @) + cos 6(cos )] ” 3 pts: & 4o dt

d dy dé

- g de 2 2 ) 40 1pt: finds & = & . &2

= —sin 8 Sl 2(-sin? @ + cos 6?) o p ado @

Note: You do not need to simplify these

=(2sin219—2c0526?—sin49)ﬁ -
dt derivatives.

y =rsin@ = (1 - 2sin §)(sin #) = sin & — 2 sin*>

@ _ (cos @ — 4 sin 6 cos 19)ﬁ
dt dt
dy  dy/do cos 6 — 4 sin 6 cos 0 . . .

() o = dx/d6 = el 6 — 2 o0’ & — s 0 1 pt: (v)&;rlgtes an expression for dy/dx in terms
When 6 = r, 3 pts: 1 pt: finds values for x andy when 8 = =
dy _ cos & — 4 sin 7 cos

1 pt: equation of tangent line

dx  2sin?7m —2cos® 7z —sin &
o -1-0
=

0-2(-1> -0

1
2

cos @ — 2 sin @ cos 6

x(6

)
()

cosm —2sinzwcosmw = -1

=

»(6) = sin @ — 2sin* @
y(7) =sinz =2sin* 7 =0

So, an equation of the tangent line is

1
-0=—(x+1
y S+
Ll
Y75 2
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13. (a) ? is positive at point B because the particle is moving to the right.
t

d—y is positive at point B because the particle is moving upward.
t

(b) Because there is a cusp at point C, % is undefined.
t

@ is undefined when

dt
13

(¢ -v2)" =
r=27"
t = 27"

So, the particle reaches point C when ¢ = 2776 = /3.

ﬁ 4
© »(V3) =20+ [ V)t
2
Y N N A
0 (t3— /

3 2
=—2~1j ¥ dt

=3

2 20

d =——x+—

@ vy 3 3
& _ _2dx
dt 3dt

Because & 1.837, Y _ —2(1.837).
dt dt 3

2 2 2
So, the speed is \/(dx] + (d—yj = \/(1‘837)2 + {—2(1.837)} :
dt dt 3

1 pt: answer and explanation for the
sign of dx/dt

2 pts:

1 pt: answer and explanation for the
sign of dy/dt

1 pt: reasoning [identiﬁes that dy/dt
is undefined at C (cusp)]

2 pts:

1 pt: answer (finds the -value where
dy/dt is undefined)

1 pt: antiderivative (shows
substitution)

3 pts: <1 pt: uses initial condition,
»0) =0

1 pt: answer

1 pt: finds dy/dt at this point [Chain
2 pts: Rule: dy/dt = (dy/dx) - (dx/dt)]
1 pt: finds the speed

Note: These approximations do not
need to be simplified.
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