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Introduction B

O In Section 4.6 we used the derivative to find
velocity and acceleration for a particle in
rectilinear motion.

v(t) = s'(t) and a(t) = v'(t) = s"(t)

use the integral to
reverse the process

s(t) = Jv(t)dt and v(t) = J a(t)dt



Suppose a particle moves with velocity v(t) = cos mt along a coordinate line. Assuming that the particle
has coordinate s =4 at time t = 0, find its position function.

Solution:

. o 1
The position function is s(t) = [ v(t)dt = [ cos nt dt = —sin it +C

. . . 1.

Now, substitute in (0,4) to solve for the specific C: s(0) = —sin 0+C=4
1
~*0+C=4
m

C=4

1.
s(t) = —sinmt +4



Computing Displacement by %
Integration

integral form:
displacement f Iy

over the time v(t)dt = S!(.I._) dt = s(t1) — s(tp)
interval [fp, 1] In In

O Since
, it can be written as follows in
w



Computing Distance Traveled b% &
Integration

O Distance traveled is different than displacement %
because it is the

O Therefore, we must integrate the absolute value of
the velocity function: %%

distance traveled

during time

interval [7g, 1]




> Example 2 Suppose thay a particle moves on a coordinate line so that its velocity ot
me fis v} =12 — 2 m/s (Figure 5,7.3)..

(4) Find the displacement of the particle during the time interyal 0 = ¢ = 3.
(b) Find the distance traveled by the particle during the time interval ) = = 3.

Solution (@). From (3) the displacement is

3 it I I?'i 3 =
0. A 3 1}

Thus, the particle is at ﬂiﬁ;ﬁﬂﬂl&epoﬁiﬁﬂn--ﬂl’ time ¢ = 3asate = 0.
Solution (b). The velocity can be written as u(t) = 2 — 2r = 1 (¢ — 2), from which we

see that v(t) = 0forD <t =2 and u(t) = 0for2 =t =3 Thus. it follows from (4) that
Hludm‘iﬂnnﬂh:avelﬁdm

f!ﬂff}ldi' f—ﬁuffatit+f () di

"f.. —(1*—20) di-‘{—f (=2t dt

T . { s 3 _ 4
= [3 -]f_[;af; tL 3+3_ -



Analyzing the Velocity vs. Time% 4
Curve

O As you hopefully saw in the last example, the

integral is the under the =)
velocity curve v(t) between time zero to and _,,35&

displacement

“total area”
distance traveled




Distance Traveled vs. %

Displacement
AU

Notice the sign change on A; for
distance traveled.

A —A>+ Az = displacement
A, + A5+ Az = distance traveled




Constant Acceleration %

o

O Example: Suppose that an intergalactic spacecraft uses a sail and
the “solar wind” to produce a constant acceleration of 0.032 m/s?
(a = .032). Assuming that the spacecraft has a velocity of 10,000
m/s (v(0) = 10,000) when the said is first raised, how far will the
spacecraft travel in 1 hour?

NOTE: s(0) = 0
Sl s(®) = Jv(dt : v(t) = [a(t)dt




General Case of Constant %
Acceleration

O We can use the same method from the

@
previous example to find general formulas for |

I\

10 adrld pdo .. NTICI] d 1€ @ .l _0_

vi= [amar= [aa=a+ec ()
To determine the constant of integration C; we apply initial condition (7) to this equation
up =v(l) =a -0+ C;=C)
‘Substituting this in (8) and putting the constant term first yiclds
vty =1 +at
Since vy is constant, it follows that
-nl:f*}=fuﬂhi":=f"l‘m+dtr‘iﬂlhw+iﬂ’+ﬁz (9)

To determine the constant Ca we apply initia ion (6) to this equation o obtain

-ﬂﬂ-’-r.ﬂiﬁib—'ﬂﬂ' +i3f+ i@* *rl-'i'-'g:— Cy

1 putting the constant term first yields

ttﬂ #m#ﬁinrﬂ«gﬁ

s
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Free-Fall Model X

O Motion that occurs when an object near the Earth is
imparted some initial velocity (up or down) and
thereafter moves along a vertical line is called free-
fall motion. |

O We assume the only force acting on the object is the %_

Earth’s gravity which is constant (when sufficiently 5

NCA TO = a \| ( ) C ANe are di aaardina =2

9.8

meters/second? or 32 feet/second?

a = -acceleration due to gravity (g).



5.7.2 CONSTANT ACCELERATION If a particle moves with constant acceleration a
along an s-axis, and 1f the position and velocity at time = 0 are s, and vy, respectively,
then the position and velocity functions of the particle are

s(t) = 5o + vot + %a:‘z (10)

v(t) = vg +at (1)




S CIES x

O There are examples on page 381 that my be W\,y
helpful.

N\




Paris from atop the Eiffel Tower X




