Chapl Kinematics

Motion 1n One Dimension
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Kinematics with Graphs
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EXercise:
Parts (a), (b) and (c) of |
Figure represent three
graphs of the velocities
of different objects

moving in straight-line ~.. )
- : ~. _.~(b,

paths as functions of @ e

time. The possible a SN a

accelerations of each
object as functions of
time are shown in parts
(d), (e), and (f). Match t r
each v-tgraph with a-t () (e)

graph that best describes

the motion.
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Exercise:

(a) (b) (c)

The three graphs in Figure above represent the position vs. time
for objects moving along the x-axis. Which, if any, of these graphs
IS not physically possible?



Uniformly Accelerated Motion
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Exercise:

1. Arock is dropped off a cliff and strikes the ground with an impact velocity of
30 m/s. How high was the cliff?

(A) 20 m (B) 30 m (O/45 m (D) 60 m
2. A baseball is thrown straight upward. What is the ball’s acceleration at its
highest point?

(A) %g, downward

(E)’g, downward
(C) %g, upward
(D) g, upward

3. If an object is thrown straight upward with an initial speed of 8 m/s and takes
3 seconds to strike the ground, from what height was the object thrown? And
what is the instantaneous velocity of the object when it strikes the ground?

Yo=21m; v=-22m/s



Two-Dimensional Motion

'Addition of Viectots
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Subtraction of Vectors
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Relative Motion
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Projdle Motion
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o X-direction (right “+):
- X=(Vycos)t [%o=10]
Vy, =V, COS

}» uniform motion 4 v, =v,cosa,
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At the top of the trajectory, the projectile has zero vertical

y velocity (vy = 0), but its vertical acceleration is still —g.
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Horizontally, the projectile is in constant-velocity motion: Its horizontal acceleration
1s zero, so it moves equal x-distances in equal time intervals.
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M Note that complementary angles
give the same horizontal range.
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Exercise:

Consider a projectile moving in a parabolic trajectory under
constant gravitational acceleration. Its initial velocity has .----. trajectory
magnitude v,, and its launch angle (with the horizontal) is 6,. 4

(a) Calculate the maximum height, H, of the projectile. *}"
(b) Calculate the (horizontal) range, R, of the projectile.

(a) The maximum height of the projectile occurs at the time |;
at which its vertical velocity drops to zero: ‘

v
v, =0 =) v, —gt=0 =) t=-"
g

The vertical displacement at this time can be solved as follows:

v
(b) The total flight time is: t, = 2%

The horizontal displacement throughout the flight gives the projectile’s range:
Vg, Vo, Ve Sin26),
g g

R - VOxttot =



Exercise:

Consider a projectile moving in a parabolic trajectory under
constant gravitational acceleration. Its initial velocity has ’
magnitude v,, and its launch angle (with the horizontal) is 6,. 4
(c) For what value of 8, will the range be maximized? *}"
(d) If 0 < h < H, compute the time required for the projectile : ‘
to pass through the two points shown in the figure. h

..-.. trajectory

V;sin26,

(c) The rangeis: R =
g

So when sin24, is maximized, the range R will be maximized.

This occurs when 26, = 900, that is, when 6, = 45°.

(d) Set the vertical displacement equal to h and solve for the two values of t:

2
voyt—%gtz _h Z> %gtz—voyt+h:0 Z> t:voyirw/voy—Zgh
g
So the time required to pass through the two points is:

o ¥y~ 200 Vo, — Vg, —2gh _ 2y/vg,~2gh 2,/(v,5ind,)? - 2gh
9 9 9 9




Exercise:

An Alaskan rescue plane drops a package of
emergency rations to a stranded hiker. The plane
Is traveling horizontally at 40.0 m/s at a height of
100 m above the ground. (a) Where does the
package strike the ground relative to the point at
which it was released? (b) What are the
horizontal and vertical components of the
velocity of the package just before it hits the
ground?

(a) The time for the package to hit the ground can
be computed as follows:

1 ., 1
y:VOYt_Egt Z> _Egt2:—1002> '[=2\/gS ‘

The range of the package when it hit the ground

o X =Vy,t = (40x 24/5) m =805 m

\\\\\ right (6+9’

(b) The x-component of the velocity at the time of impact is: v, =v,, =v,=40.0 m/s

The y-component of the velocity at the time of impact is: v, =gt = —(10x2v/5) m/s=—20+/5 m/s



Motion in a Circle

& Description of circular motion:
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* angular velocity
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« period T  Slunit:s

» frequency f Sl unit: Hz f=2




& Uniform Circular Motion (constant speed along a circular path)
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(a) Uniform circular motion (b) Projectile motion

v Acceleration has | Velocity and acceleration are perpendicular
~~J\ v constant magni- | only at the peak of the trajectory.
g ‘;’ E‘\ tude but varying | 5L
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Velomtv and i ara \
‘:“ a, »/ “acceleration L/ * Acceleration is
- 1 = . =
G are always i ‘l . constant in magnitude !’ v
v perpendicular. | a and direction. a

& Nonuniform Circular Motion (speed varying along a circular path)

Component of acceleration parallel to velocity:
Changes car’s speed

- - - -
A -
Component of acceleration
L Acceleration is exactly .~ perpendicular to velocity:

e > perpendicular to velocity;
no parallel component

Changes car’s direction

! “ :
f rﬂ H Component of acceleration perpendicular to ff ; '
! - 1 velocity: Changes car’s direction i Component of acceleration parallel
To center of circle to velocity: Changes car’s speed
Unlform circular motion Speedlng up along a C|rcular ‘Slowing down along a circu-:
ath - larpath 5 _ :
a=a p a =da; + 8y, a=4a; +ay,



Exercise:

1. An object moves at constant speed in a circular path. Which of the following
statements is true? Select two answers.
@)’The velocity is changing.

(B) The velocity Is constant.
\C/The magnitude of acceleration is constant.

(D) The magnitude of acceleration is changing.

Speed slowest, a,q minimum, @, zero

2. Suppose that the particle experiences four Speeding up; dip in Slowing down:
times the acceleration at the bottom of the logp ™ ¢ection asi_ an OPPOSite 0T
as it does at the top of the loop. Compared to its /&m e \\ ‘\‘
speed at the top of the loop, is its speed at the ; N " gAl
bottom of the loop (i) V2 times as great; Qpﬁ fl \ /}/
times as great; (iii) 2v/2 times as great; (iv) 4 1‘,:;?5?:?7 -~ L

times as great; or (v) 16 times as great? \*-H H _,..-**’p

Speed fastest, a.,y maximum, a,,, Zero



