[le)

Math 4 Name
5-5  Acceleration and Deceleration Date

In this activity you will be working towards the following learning goals:
I can use derivatives to find the velocity and acceleration of a moving object and solve problems
involving particle motion.

Introduction
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If an object is traveling at a velocity of —200f{t/sec , what does the negative sign imply?
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If the object’s velocity gets “more negative”, what does that mean about the object?
- , ~ oo direge
1" 'S WOMI(,«? fCa&—(-(,/' | A ‘(’L\L r\ﬁgm\p&- [jt ,Cb ”
If the object’s velocity gets “less negative”, what does that mean about the object?
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Applications of the Derivative Rules

Example #1: Projectile Motion

The position of a projectile (in feet) after # seconds is given by the equation:

h(t) = —16£ + 800t —3

a. Find a formula for the instantaneous velocity of the projectile.
Wl = v&ES =306 +&D
b. Find the instantaneous velocity of the projectile when ¢ = 0, 5, 10, 15 and 20 seconds.
V(Y = 32 + kD = Boo St s v(sy=320 fa-k
V(Y= b bafs
(85 = Heo Lk

V{2 = 1o £+/s

c. Find the following average rates of change in velocity: t=0tot=5¢t=5t01= 10;t=15t0t =20

Include units!!

¢ h'(t)
0 860 ft/sec
5 él—{ O ft/sec
10 | HEO  fi/sec
15 L6  fi/sec
20 Lé?o ft/sec

6% &P -lo _ 23 Sce.
ot = oA

Rate of change in velocity fromt=0to ¢t = 5: : e,
Yo =0T 9~ 0n
Rate of change in velocity from ¢ =5 to ¢ = 10: -z - 52 W5 L

Rate of change in velocity from t=10to ¢ = 15:7=~-1s = 32 ’[:"' /S‘L

- '8 ’
Rate of change in velocity from ¢ =15 to ¢ = 20: 1>-320 = 'b.,) -*c'ag-‘ffs <
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In part ¢ of the previous example, you calculated the acceleration of the object. Complete the following
statements about acceleration.

1.

2.

Acceleration is the Tt o; L}‘r(m he. of a rate of change.

d -
Acceleration describes how fast f{sﬂ_ ve| .8 H‘\/ is changing.

. When a car accelerates, its velocity ' crease

When acceleration decreases, it is called /Xe, Czk( 2Hon.

When a car decelerates, its velocity (/QQ (reases .

The instantaneous acceleration a(?), of a projectile at time ¢ is defined as the instantaneous rate

of change of'its \/(-{O‘—.f "L'\!/ with respect to time at time 7, and can be calculated by taking

the derivative of the VY—[J(‘, r'{—\ , function.
/

In general, position A(%), velocity v(z), and acceleration a(t), are related as follows:

Velocity is the derivative of PO SiHhon

Acceleration is the derivative of V(-{l_ [\ /
!

. acceleration is the second derivative of ﬁb&}.’hrbm

In symbols, this looks like: B l;\ ( ’Aﬁ

V= ' () oo

Ck(‘{'§ = l/\ll<{'>



Example #2: Velocity & Acceleration of an Object

An object moves so that its position (in meters) at time ¢ seconds is given by the function:
2
p(t)==1 -8t +5t+7
3
a. Find the function that represents the velocity of the object.

o'y V5= 267 16p 5

b. Find the velocity of the object when ¢ =7second; at ¢ = 9 seconds.
Interpret the meaning of your calculations.

Velocity at t = 7 is -q £+/$ . This means. . . 'kAL Oéj{(( S MOVM;« éacfmgg
cr ¢ spef £ G B oo 1 Scconds

Velocity at £ = 9 is ;23 'F%/S . This means. . . &/p—faf 9 gf&ﬂﬂj) —{’AL OL’J’CG‘

LS Movz’ﬂéy bt ae chz/ oK 23 Ll

¢. Find the function that represents the acceleration of the object.
o (6> = ey = o

d. Find the acceleration when t = 7second; at ¢ = 9 seconds seconds.
Interpret the meaning of your calculation.

. | i
Acceleration at t = 7 is \a ‘C'(”Q'E,This means. . . ‘le \ﬁ_IOCr{—y 0(’ T2 O%C(#
\s “/U%se'ﬂ}, by 2 Fef s ey Sepnd ok T g{g@,‘(}&

Acceleration at ¢t = 9 1s 070 *C*/Qe’c,:‘ This means. . . &f Q gfg‘c)l"/&/ ‘éﬁi‘e— Mo&f&y
& tha okt 1S Incres s[n(?, by, okt eud seon

e. At 9 seconds, is the object speeding up or slowing down? At 7 seconds? How do you know?
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f. In general, how can You tell if an object is speedfng up or slowing down based on its velocity and
acceleration?
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Example #3: Particle Motion

A particle is moving along the horizontal axis in such a way that its position at time # is
given by the following function:

S(t) =1 —6t° +9t, (0Lt < 5> DoMtuf/)

a. Determine a formula for the velocity of the particle. —
S'Uy=v =3+ - 124 +9
b. Determine a formula for the acceleration of the particle.
C'Uy= aley= b4 —12
c. For what values of ¢ is the particle at rest? Hint: What is its velocity when it’s at rest?
O = 37—+ +4 =

= | Second
O= 343 +2) N )
+ =3 cewnts
O= 2 (+ =3)+-D B

d. When is the particle moving to the right? To the left? Hint: NUMBER LINE ANALYSIS!

Vs =3 (435D Rige: O el
Q-
¢y = o = F 3Lt L5
. :
- | — =t o (ede: [£€<3
< :l——— T =
4+ ) - +
\2\'%4’ [_{,ﬁ{, Q(?Lf

e. What is the velocity of the particle when the acceleration is zero?

0 24e-00 ¢ V) =3RS0 +4 Il
|2 =6«
f. What is the position of the particle at 1 = 4 seconds?

SLb= - ¢, (Y 4 [
g, When ¢ = 3, what is the total distance traveled by the particle? Refer back to your NLA analysis for help!
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