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Question 1
For 0 < ¢ £ 6, a particle is moving along the x-axis. The particle’s position, x{¢}, is not explicitly given.
The velocity of the particte ts given by v(z) = 2sin (o H} « 1. The acceleration of the particle is given by
] ; . e
a(r) = 5¢Feos(¢'7) and x(0) = 2.
{a) s the speed of the particle increasing or decreasing at time = 5.5 7 Give a reason for your answer,
(b) Find the average velocity of the particle for the time period 0 <7 < 6.

{c) Find the total distance traveled by the particle from time 1 =0 to ¢ = 6.

(dy For 0 <1 < 6, the particle changes direction exactly once. Find the position of the particle at that time.

(a) (5.5} = —0.45337, a{5.3) = —1.35851 2 : conclusion with reason

The speed is increasing at time ¢ = 5.5, because velocity and
acceleration have the same sign.

6 1 :int |
{b) Average velocity = l_[ v(f) di =1.949 2: J nicgra
6 4o | 12 answer
i 6 I integral
(¢) Distance = [ [v(1)}di = 12.573 p. [ !iintegra
0 1 1 : answer

(d) w(r) =0 when ¢ = 519352 Let /= 519332, [ 1 considers v(¢) = 0
v(1) changes sign from positive to negative at time ¢ = A, 3oa 1 inegral

Closanswer

h
x(h) =2+ f W) de = 14,133 or 14135
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Question 4

A squirre! starts at buiiding A at time ¢ = 0 and travels along a

straight wire connected to building 8. For 0 < 1 < 18, the . S

squirrel's velocity is modeled by the piecewise-linear function m—\\

defined by the graph above. b \ i

(a) At what times in the interval 0 < ¢ < 18, if any, does the . \ _ /
squirrel change direction? Give a reason for your answer. o BN _'"/ oo

(b) At what time in the interval 0 < ¢ < 18 is the squirrel i T

farthest from building 4 ? How far from building 4 is the
squirrel at this time?

Cirapsz of @

{(¢) Find the total distance the squirrel travels during the time interval 0 <+ < 18.

(d) Write expressions for the squirtel’s acceleration a(¢), velocity v(¢), and distance x{(7) from building 4 that
are valid for the time interval 7 < r < 10.

{a) The squirrel changes direction whenever its velocity changes sign. 5. 1: t-values
This occurs at + = 9 and ¢ = 15, " | 1: explanation
(b} VelocityisOQats =0, ¢+ =9, and r = 15. i 5. { 1 : identifies candidates
t position at time ¢ L - answers
010
9 | 25220 = 140
15 | 140- 22110 = 90
18 | 90+ 22210 =115
The squirrel is farthest from building 4 at time ¢ = 9;
its greatest distance from the building is 140.
18
{c) The total distance traveled is L} [v(£)| dr = 140 + 50 + 25 = 215. 1 : answer
20 -{-1
(d} For 7 <1 <16 a(r)z%@m:—lo 1:al(h)
4.4 1:vf1)
v(r) = 20 =10(7 - 7) = ~10¢ + 90 20 x(1)
%(7) = 7?-20:120
x(fy = x{7T)+ J-;{ ~10wu + 90 du
= 120 + (-5u? + 90u)| "
= ~5¢% + 90¢ — 265
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Question 4

vl

Graph of v

A particle moves along the x-axis so that its velocity at time 7, for 0 <1 < 6, is given by a differentiable
function v whose graph is shown above. The velocity isOat ¢ =0, 1 =3, and ¢ = 5, and the graph has
horizontal tangents at £ = 1 and ¢ = 4. The areas of the regions bounded by the s-axis and the graph of v on
the intervals [0, 3], 13, 5], and [5. 6] are 8. 3, and 2, respectively. Attime ¢ = 0. the particle is at x = -2,

{(a) For 0 £ ¢ £ 6, find both the time and the position of the particle when the particle is farthest to the left.

(b
(c)

(d)

Justify vour answer.

For how many values of ¢, where 0 < ¢ £ 6, is the particle at x = -8 ? Explain your reasoning.

On the interval 2 < ¢ < 3, is the speed of the particle increasing or decreasing? Give a reason for your

answer,

During what time intervals, if any, is the acceleration of the particle negative? Justify your answer.

(a)

(b)

{c)

(d}

Since vi¢) < 0 for 0 <7 <3 and 5 <¢ < 6. and v(v] >0
for 3« ¢ <3, weconsider r =3 and ¢ = 6.

3
x(3) =2+ jo W) dt=-2-8=-10

f
x(6) = -2+ j'ov(;}dr=—2—s+3-2:—9

Therefore, the particle is farthest left at time ¢ = 3 when
its position is x{3) = —10.

The particle moves continuously and monotonically from
{0} = =2 to x{3} = —10. Similarly, the particle moves
continuously and monatonically from x(3) = 10 to
v(5) = -7 and also from x(5) = -7 to x{6) = -9.

By the Intermediate Value Theorem. there are three values
of r for which the particte is at x{¢) = -8,

The speed is decreasing on the interval 2 < ¢ < 3 since on
this interval v < 0 and v is increasing.

The acceleration is negative on the intervals 0 < ¢ < 1 and
4 < t < 6 since velocity is decreasing on these intervals.
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| :identifies £ = 3 as a candidate
t
1 : considers _[0 v(r) di

1 : conclusion

LA

andfr =6

j' 1 :positionsat ¢ =3. (=
I I : description of motion
[

s conclusion

Canswer with reason

{ 1 : answer
"} .

| : justification
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Question 4

A particle moves along the x-axis with position at time f given by x(¢)

{a} Find the time 7 at which the particle is farthest to the left. Justify vour answer

(b} Find the value of the constant 4 for which x{7} satisfies the equation Ax"(1)1 + 3" (r) + {11 =0

for 0 < < 2.

=g 'ging for 0 <2

~(cost —sin)

fa) )m—e sinf+e ' cost=e
(1) = =0 on

0 when cos/ = sin ¢. Therefore, x(#)

T ST
0y <2r fore =" and f = >,
4 4

The candidates for the absclute minimum are at
T 5T

t =90, T ., and 27,
f x(£}
0 1 esin(0) =0
% e__}mn[‘%) >0
S—f e_%{ sm{:STE) <0
2 | e sin(2a) = 0

The particle is farthest to the left when ¢ =

(b) x"(1} = -¢ ' (cost —sin¢) + e (—sint ~ cos¢)

—f
= -2¢ ¢ost

+ X1y + x(1)
A(—?e“’ cos r) +e {cost~sint) +e sint

i

(24 +1)e” cosy
=1}

Therefore, 4 =

| —
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Canswer

[ 1: justification

2:x"(¢t)

1 : substitutes x"(¢), (¢}, and x(¢)

g

into Ax7(¢) + X(6) + x(¢)
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