Chapter 2:Motion along a straight line

Translational Motion and
Rotational Motion
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Goals for Chapter 2

- Become comfortable with displacement, velocity, and acceleration in one
dimension.

Explore motions at constant acceleration.

Be able to graph and interpret graphs as they describe motion.

Be able to reason proportionally.

Examine the special case of freely falling bodies.

Consider relative motion.
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Describing Motion ...

Coordinates
-> Position (displacement)
- Velocity
-> Acceleration
a) Motion with zero acceleration
b) Motion with non-zero acceleration
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Kinematics in One Dimension: Displacement

X0 Displacement = Ax
— T TR
X

e
Ax = X=X,
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Average velocity

Average velocity = total displacement covered divided
by total elapsed time

+18 _ Ax
V=—o

+12 At
Unit: m/s

+8 meter per second

Position x(m)

+4

Time ¢ (s)
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Graphic representation: average and instantaneous velocities

during At=t,-t,

x Slope is average velocity

Average velocity
(slope of line P,P,)

_ Ax
V=—o
Xpf————- At
I
s .:
| = Slope of the tangent line is
\ {_ J' Instantaneous velocity at t;
X1 1= —
|
o ' Ax(displacement) d-
\‘bl : : 1‘(1‘Efﬂff.{1’):£n_}ﬂ x(disp i.Iu‘:‘E'F‘Z-'.TE'F}' ) _dx
| L At(time) dt
| || y
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Understanding the direction and the magnitude of the instantaneous velocity graphically

Slope zero; The steeper the slope (positive or negative), the greater 1s the
g, =4 object’s speed |v,|in the positive or negative direction.
[N o
X B D, |
A C; ff = O — G > X

LSlope negative;

D" v, <0 v,

*E

0
"""""" Siopc positive; Uy
[ 4.
v, > 0 2 0 e

@ (b)
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Average speed and velocity

Average velocity = total displacement covered
divided by total elapsed time,

AX(total _displacement)
At(total _time)

v(average _velocity )=

Speed is just the magnitude of velocity!
0 The “how fast™ without accounting for the direction.

Average speed = total distance covered per total elapsed time,

Instantaneous velocity, velocity at a given instant

_lim  Ax(displacement) dx
At—>0  At(time) dt

v(velocity )
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Average Velocity (example)

X (meters)
6 4
4 4
2 + /
0 | | —
2 1 1 2 3 4 t(seconds)

What is the average velocity over the first 4 seconds ?

A)-2m/s B)dm/s C)lm/s D) notenough
Information to
decide.
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Instantaneous Velocity

X (meters)
6 4
4 4
2+ /
' | | —
21 1 2 3 4 t(seconds)

What is the instantaneous velocity at the fourth second ?

A) 4 m/s B)Om/s C)1m/s D) notenough
Information to
decide.
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Average Velocity - Figure 2.1

Positionat#; = 1.0s Position att, = 4.0 s
FINISH

: o0 : // [

START
?

Displacement from #, to 2,

| I
ANE ;= 19w x2=277m//%x
: : '"Ax=(x2—x1)=258m >{r
*x coordinate of x:component of displacement - coord';nate of
P z{xis dragster at 1.0 s from ¢, to 1, dragster at 4.0 s

x is positive to the right of the origin (0O),
negative to the left of it.

2277 m-19 m:86m/s

Vav X
’ 40s-1.0s

@ Pearson Copyright © 2020, 2016, 2012 Pearson Education, Inc. All Rights Reserved



Displacement and Average Velocity

Position at 7, = 16.0 s Position at f; = 6.0 s

START FINISH

|

Displacement
#
| /] S
11 X
O ,x=19m x; =277 m

= _ = | %

" 1A.x = (Xz Xl) = —258 m | ::

This position 1S now x,. This position is now x;.

When the truck moves in the —x direction, Ax is negative,
and so 1s the x component of average velocity:
Xy = Xl

Vav. x = l‘;—**f] = —26 l]]/S

Courtesy of Wenhao Wu
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Acceleration

- We say that things which have changing velocity are “accelerating”
» Acceleration is the “Rate of change of velocity”

* You hit the accelerator in your car to speed up

— (Ok...It's true you also hit it to stay at constant velocity, but that's because friction is
slowing you down...we’ll get to that later...)
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Average acceleration

Average acceleration = total change of the velocity divided
by total elapsed time
Av

+36
At

Unit of acceleration:

a =

+24

+12

Velocity v (m/s)

(m/s)/s=m/s?

Meters per second

Time ¢ (s)
squared
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Average Velocity

« For constant acceleration

y V=vy+at

y The area under the graph v(t)

— IS the total distance travelled
2% /
V, 7-/ B AX =V, At=At(v,+V)/2

At
1
Vav = E( 0 +V)
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Kinematics 1n one dimension

Motion with constant acceleration.

From the formula for average acceleration

_ V—V,

a—=
T

Average velocity v =

On the other hand V=

Then we
can find

We find  |V=Vpt+at

X — X,
T

(Vo +V) :%(v0+(v0+at)):v0 +%at

N |-

1 1
X — X, =\7t=(v0+§at)t =v0t+§at2

1
X = XO —|—Vot—|—§at2
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Recap

 So for constant acceleration we find:

1 .2
R ¢
V:V0+at /
N Tt
a = const
—1

Copyright © 2020, 2016,

2012 Pearson Education, Inc. All Rights Reserved




Example of graphic solution: Catching a
speeder

120 - I

Motorist :

CROSSING 80 - [
—— [

e e et Uco = :

: [

|

\, /{:;‘,_ ap = 3.0 m/s?

Officer

x L1 IS £(s)
0 024681012’(

@ (b)
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Question: How can we predict the position of the particle at any time t?

e Since the average velocity is defined by

we have
e But, what Is v, ,?
Since v, (t) is linear in time t,

U, versus 7

A" we have

Therefore,

_ x(®) = x(0) _ x(8) = xg

v
av,x t—0 t

x(t) = xg + Vgp 4t

v, (t) = vo, + a,t|,

1
Vavx = E[Ux(t) + va] .

x(£) = x0 + 5 [vx(6) + voult

Of,

1
= X + 5 [((Vox + axt) + vox]t,

1
x(t) = xg + Vot + Eaxtf2

e This is the second of the three kinematic equations.
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Molion witl coust accaleraliov (main equations!)

v, -V, -
a= 227N _ U -y, (U’:L}o +ak
"l—"l 't—'O ' 5
-é-:-l)_‘-v!
- 4
= Vot U U, 4 U,+at
((% R e ,&
Vype 2220 x= Xy _ od el 1<
T T 2 A (X =Ko+ Y Lal?|
U -V - 2 U‘(»'l)
- W) | Y=Y , zat =
X = Xy ALq ) _Z'Q(Q ]24 Oq’t -
Vg = 222
L] &

2
2o (X >0) = 2 U,(v-w) + CV" Vo)

-~/

lvz_— Vs # 26 (x>0 ] W

B

S ———




Kinematics equations for constant acceleration

V = Vo+ at
1
x:xo+v0t+5at2

Ve =V +2a(X—X,)

V, +V
X=X, +( 02 )t

note: the mass m is not in these equations
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Particular case of motion with constant acceleration: Falling

obiects. All obiects fall with the same constant acceleration!!
S

7/§y
/i

SR

Il
O
Il @
5/——\| T
Air-filled tube Evacuated tube
(a) (b)
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Kinematics for a=9.80m/s? (acceleration of gravity)

Acceleration

..........

(a)

w redarsorl

RYy= 19.6 m

(After 2.00 s)

x )"3 =44.1 m
(After 3.00 s)

_1_____ y= 0
y1 =490 m
(After 1.00 s)

Between 1589 and 1592.

Experiments
on the motion
of objects
falling from
leaning tower
of Pisa

under the
action of the
force of gravity

a, = g = 9.8m/s if the y-axis
points down

v, (t) = vo, + gt ..o (2.6)
y(t) = yo + vyt + %gt2 ...... (2.10)
vy =05y + 29 —¥o) oo (2.11)
Vavy = %[vy(t) + voyl.oeeeinnnn. (2.7)
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Acceleration of gravity on different
planets, ag,,=9.81m/s?

|
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Problem: Vertical motion

Stone is thrown
vertically upward
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1-D motions in the gravitational field

B (v =0)
gj = 12 — 20
Ly =11.5m
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2.5. Proportional Reasoning

* Thinking about your A 4yy_ *****
numbers ) ! |

- For example: there are Y/ I
linear, quadratic, inverse, [/ T/
inverse-square proportions o > ' o & 2= 7'
between two variables x Eﬁlzajrglationship) Ezl)lgdrzati)zzzrelationship)
and Y. y y

y : Y=

1 - 1
27 I ¢ W

0 x 2x . 0 % 2% > X
©y=1/x (d)y = 1/x?

(inverse relationship) (inverse-square relationship)
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@ Pearson

Clicker problem

When you Dbrake on dry pavement, your
maximum acceleration 1Is about three times
greater than when you brake on wet pavement.
For a given initial speed, how does your stopping
distance X, oOn dry pavement compare with
your stopping distance X, on wet pavement?

a) Xary = 1/3X et
b) Xary = 3Xyet
C) Xary = 1/9X et
d) Xary = et
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