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Outline

Chapter 2: Sections 5-7

Constant acceleration
Equations of motion
Free fall (gravity)
Problem solving
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Motion at CONSTANT acceleration

Consider a special, important type of motion:

* Objects are point masses, have mass, no size
 In a straight line (one dimension)
* Acceleration is constant (a=const)
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Motion at Constant Acceleration

* Assume:
At t, = 0, initial values x = xy,v = vy and a = const.

* Need to find:
Att > 0, final values x(t), v(1).
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Motion at Constant Acceleration
(equation 1)

L : vV(t)—V
by definition, acceleration a= )=V, and t, =0

t—t,

. V(t) _Vo
ot

a

the velocity is increasing
at a constant rate

Vo
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Motion at Constant Acceleration
(equation 4)

average velocity T
v(t) +Vv,
2

V =

When acceleration is constant, the average velocity is midway
between the initial and final velocities.
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Motion at Constant Acceleration
(equation 2)

The average velocity of an object during a time interval t is

& Combining these
V = & — X() — %, — X(t) — X, two equations
2
> =% t x(t) = xo + vt + £ 0
— V(t) + V0 — 2
V =
2
V=V, +at
€
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Equation 2. Derivation
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T v(t) = vytat (1)

at?

~ x(t) = xp + vyt + " (2)

»

We need an equation without time
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Motion at Constant Acceleration
(equation 3)

We can also combine these equations so as to eliminate t:

\_/ _ X(t) — X, =

t
V= V(t)2+ Yo L v(t) = v2 + 2a(x —x9) (3)
q — V(t) —V,

t
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Motion at Constant v2(t) = v + 2a(x —xo) (3)
Acceleration 45 e £p.43
(equation 3)  ®_ Yt el
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Motion at Constant Acceleration
(all equations)

We now have all the equations we need to solve constant-
acceleration problems.

T v(t) = vytat (1)
~ x(t) = xp + vyt + ath (2)
v =vi+2a(x—xp) (3

v(t)+vy

T = (4)
2
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Problem Solving

e How to solve:

— Divide problem into “knowns” and “unknowns”
— Determine best equation to solve the problem
— Input numbers

Example 2-9

e A plane taking off from rest a runway needs to achieve a
speed of 28 m/s in order to take off. If the acceleration of the
plane is constant at 2 m/s?, what is the minimum length of the
runway which can be used?
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Velocity/Acceleration/Position

a = const v = po+at X = X + Vot + -
* 4,5 —negative acceleration,
but from O<t <t, or t; — decceleration

but for t> t, or t; — acceleration
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Freely Falling Objects

Near the surface of the Earth, all objects
experience approximately the same acceleration
due to gravity.

This i1s one of the most
common examples of motion
with constant acceleration.
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Freely Falling Objects

J— J— The acceleration due to

- - .

x gravity at the Earth’s

‘ surface is approximately
‘ 9.80 m/s2. At a given
Il location on the Earth and
‘ “’"’ in the absence of air

- resistance, all objects fall

- «__>» with the same constant

Air-ﬁ@ci _tube Evac: 1_1:-1te-;1_ tube acce | er a_t | on
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., Clicker question 1,

C

>

You drop arubber ball. Right
after it leaves your hand and
before it hits the floor, which of
the above plots represents the
v vs. t graph for this motion?
(Assume your

y-axis is pointing up).

yA




/ Clicker question 1 yﬂt \

\VAW

You drop arubber ball. Right

The ball is dropped from rest, so its
after it leaves your hand and
initial velocity is zero. Because the
before it hits the floor, which

y-axis Is pointing upward and the ball
of the above plots represents

Is falling downward, its velocity is

the v vs. t graph for this

i negative and becomes more and more
motion? (Assume your negauv more and rmore

Wxis is pointing up). J negative as it accelerates downward.




/ v+  Clicker question 2

\VAW

You toss a ball straight up in
the air and catch it again.
Right after it leaves your
hand and before you catch it,
which of the above plots
represents the v vs. t graph
for this motion? (Assume
your y-axis is pointing up).




/ ., Clicker question 2

. TR

>

You toss a ball straight up in

the air and catch it again.
Right after it leaves your
hand and before you catch it,
which of the above plots
represents the v vs. t graph
for this motion? (Assume

wur y-axis is pointing up)./

The ball has an initial velocity that is
positive but diminishing as it slows. It
stops at the top (v =0), and then its

velocity becomes negatiy

becomes rmore and rore negative as

It accelerates downward.




Freely Falling Objects

if

vl

gl then a=-g

v(t) = votat (1)

x(t) = xg + vot + ath 2)

vi(t) = vg +2a(x—x9) 3)
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Question 3

You throw a ball upward with
an initial speed of 10 m/s.

Assuming that there is no air
resistance, what is its speed

when it returns to you?

Up In the Air |

1) more than 10 m/s
2) 10 m/s

3) less than 10 m/s
4) zero

5) need more information

I

v
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ConcepTest 2.10a

You throw a ball upward with
an initial speed of 10 m/s.

Assuming that there is no air
resistance, what is its speed

when it returns to you?

Up In the Air |

1) more than 10 m/s

3) less than 10 m/s

4) zero

5) need more information

I

_/

The ball is slowing down on the way up due to
gravity. Eventually it stops. Then it accelerates
downward due to gravity (again). Because a =g on

the way up and on the way down, the ball reaches
the same speed when it gets back to you as it had

when it left.




Example 2-16

95.141, Fall 2013, Lecture 3 > %



Freely Falling Objects

B(v=0)

Example 2-16:
: Ball thrown upward.

o9

A person throws a ball upward into the air

'” with an initial velocity of 10.0 m/s.
Calculate (a) how high it goes, and (b) how
long the ball is in the air before it comes

g back to the hand. Ignore air resistance.
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@ How lo the batr I's 1w
Example 2-16 (b) ‘j’* o the aiy<? o
',
'
o %/ :.: , g:goﬂ/of E%.éf ,\/ {70\%{
ii % :E N =1 - gt VA
Lk sl =g (g5 X
H' ‘Zl,wéa/ o
"':: ’ Liuel porats
ii © Ot de ﬁua ’FO"*'/' } O
I Lodrs wse e@-v- L.
Add

& /%/fﬁio-kvo% - g«,_l
0=1t- g,) é{‘_zre Cre -éwO QQZJG’{C—K-

Vo —*&}’Z -0
2T = = “‘/s -

95.141, Fall 2013, Lecture 3 % /=

UMASSH



Example 2-16 (b) Y (m)
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The End

See you on Monday.
HW?2 Is due to on Sunday (6pm)
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