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Rectilinear Motion

Background

(1) Particle motion problems occur often on the AP Calculus Exam.

(2) Applications involve: Fundamental Theorem of Calculus, displacement, total
distance traveled, many are calculator active.

Suppose a particle moves along a horizontal line so that its position at time t,
t > 0 is given by s(t).

Velocity: v(t) = s'(¢)

Acceleration: a(t) = v'(t) = s"(¥)




Rectilinear Motion

Expressions and Mathematical Translations
The particle is at rest; moving to the v(t) =0; v(t) > 0; v(t) <0
right; moving to the left.
I b) —
The average velocity of the particle on / v(t)dt = M
. b—a b—a
the interval [a, b]. a
The velocity of the particle is a(t) =v'(t) > 0; a(t) =v'(t) <0
increasing; decreasing.
The speed of the particle. lv(t)]
b
The total distance traveled by the / lv(t)] dt
particle over the interval [a, b]. a
b
The displacement of the particle, or net / v(t)dt
distance traveled by the particle, over a
the interval [a, b].




Rectilinear Motion Example

Example
A particle moves along a horizontal line. For 0 < ¢t < 8, the velocity of the particle

2
is given by v(t) =t — 4e™"" 4 3t cos (1

2), and the position is given by s(¢). It is
known that s(0) = —5.

(a) Find all values of ¢ in the interval 6 <t < 8 for which the speed of the
particle is 10.

(b) Write an expression involving an integral that gives the position s(¢). Use this
expression to find the position of the particle at time t = 4.

(c) Find all times ¢ in the interval 0 < ¢ < 8 at which the particle changes
direction.

(d) Is the speed of the particle increasing or decreasing at time ¢t = 4?7 Give a
reason for your answer.




Rectilinear Motion

Example

Solution
(a) The speed of the particle is the absolute value of the velocity.

Solve the expression |v(t)| = 10 on the interval 6 < ¢ < 8.

EEg -~ wao 41
20 v
- £1(x)=v(x)
£2(x)=10
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Rectilinear Motion Example

Example
SR -5~ G
20y
_ 1= /| |4 solve(|v(z)l=10,)i6r<8
£2(x)=10 £=6.69077 or t=7.60341

/\ (7.603, 10%
| 53(0--10 \ /

-15 =

The speed of the particle is 10 at t = 6.691 and at ¢t = 7.603.
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Rectilinear Motion

Example

Solution
(b) s(t):s(O)—l—/O o(z) dx=—5+/0 o(z) dz

The position of the particle at time t = 4:

s(4) = -5+ /04v(x) dx = 16.95

g -~ o {168
4 16.950

—5+j v(t) ds
0




Rectilinear Motion Example

Example

(c) Use the graph of v to find the values of ¢ where v(t) changes sign.

1333435 | EERg Ed -~
’
-—U g fi (,\-)=v(,\') A solve(v(.r)=0,.r)|0£t58 M

t=0.653 or /=4.788 or =7.244

oot

1
(0.653,0)

[l

-15

v(t) =0 when t = 0.653, 4.788, 7.244

v(t) changes sign from negative to positive at times ¢t = 0.653, 7.244
v(t) changes sign from positive to negative at time ¢t = 4.788.

The particle changes direction at times ¢t = 0.653, 4.788, 7.244.




Rectilinear Motion

Example
Solution
(d) Consider v(4) and a(4).
v(4) =6.823 >0, a(4)=-6.070 <O0.

The speed of the particle is decreasing at time ¢ = 4 because the velcotiy and
the acceleration have different signs.

ESEQER’ -5~
") 6.823 []
ﬁ(V(:))|:=4. -6.070
() p-s. 6,070
=
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