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Motion in Two And

Three Dimensions

Positi To locate an object means to find it’s position vector ¥,
osition which is a vector that extends from a reference point

Vector :  (usually the origin)to the particle. /(2 .
(5 m)k md:...
(-3 m)i
é/\

For example: 7 = (—3'1: + 2] + 5ﬁ) m

displacement

Vector : If the position vector changes from 7, to
7,, during a certain time interval, then the
particle's displacement vector is

AF =F —F,.

AF = (x, —xl)itnt(y2 —y1)3+(22 —zl)ﬁ:mhgyhgzﬁ

0

Initial i ‘O
nitia St o TR | N <1 e
Ax = x, — X, posilion-\_ e ;’J =
Vd s

where:

Ay =y, - P

// aler
Pach of particle position
Az=2z,-2z B SR

-
-~



Motion In Two And

Three Dimensions

Sample Problem 4-1
In Fig. 4-2, the position vector for a particle initially is
Ty = (-3.0m)i + (20m)j + (5.0m)k
and then later is
72 = (9.0m)i + (2.0m)] + (8.0 m)k.

What is the particle’s displacement A7 from 7, to 7,?

y
” |
N M h
D Lo elg
d\l ;7 N £
7~ Later
Path of particle Qxﬁn

FIG.4-2 Thedisplacement A7 = 7, — 7| extends from the
head of the initial position veetor 7 to the head of the later
position vector 7.



Motion in Two And

Three Dimensions

Average
velocity

vavg

Instantaneous
velocity v

_Ar_rZ_rl

vV = =
At t,—t

—>

avg -

AXif\+Ayc AZ ~

J+—K
At At At

The ratio of displacement that occurs during a particular
time interval to that interval

It is the derivative of 7 with respect to t.

Then,

dr

V_E But,

V:%f+d—yj+glz
dt dt dt

or

r=xi+yj+zk

V=V, +V, ]+VkK




Motion in Two And

Three Dimensions

The direction of the instantaneous velocity ¥ of a particle is always tangent to the
particle’s path at the particle’s position.

CHECKPOINT 1 The figure shows a circular
path taken by a particle. If the instantaneous velocity of Tangent
the particle is v = (2m/s)i — (2m/s)j, through which \
quadrant is the particle moving at that instant if it is trav-
eling (a) clockwise and (b) counterclockwise around the
circle? For both cases, draw v on the figure.

o
&/




Motion In Two And

Three Dimensions

Sample Problem 4-2 s

A rtabbit runs across a parking lot on which a set of | |
coordinate axes has, strangely enough, been drawn. The 90 | ) -
coordinates (meters) of the rabbit’s position as func-
tions of time 7 (seconds) are given by

x=—0312+72t+28
and y =022 — 9.1t + 30.

(a) Att= 15s, what is the rabbit’s position vector 7 in
unit-vector notation and in magnitude-angle notation?




Motion in Two And

Three Dimensions

Sample Problem 4-3

For the rabbit in Sample Problem 4-2 find the velocity v
attimet = 15s.




Motion in Two And

Three Dimensions

Average The ratio of change of velocity that occurs during a
. particular time interval to that interval
acceleration
—_ N = o
aavg 5 = Av _ v,V
A\ SR P

Instantaneous |tis the derivative of ¥ with respect to t.

acceleration a = .
d=—| But, V=V/I+V, J+VK
dt g
~ dv, . .
Then, |3 = o i +—yj+dVZ K
dt dt dt
or d=a, +a,]+a,k




Motion In Two And

Three Dimensions

Sample Problem 4-4 3
40 == |
A rabbit runs across a parking lot on which a set of N |
coordinate axes has, strangely enough, been drawn. The 20— — \
coordinates (meters) of the rabbit’s position as func- TN s

tions of time 7 (seconds) are given by

x=—-0312+72t+28
and y = 0.22¢ - 9.1¢ + 30.

Find the acceleration a at t=15s.



Motion In Two And

Three Dimensions

Sample Problem 4-5

A particle with velocity v, = —2.0i + 4.0 (in meters
per second) at ¢ = () undergoes a constant acceleration a
of magnitude @ = 3.0 m/s® at an angle 6 = 130° from the
positive direction of the x axis. What is the particle’s
velocity vV atr = 5.0 s?



Motion in Two And
Three Dimensions

PrOjECtlle The mqtlo.n of an objc?ct ina vertlial pl.ane. under.the”mfluence
of gravitational force is known as “projectile motion.

Motion The projectile is launched with an initial velocity v,
From the fig. we can find that the horizontal and vertical
.Y . velocity components are: V. =v. cosf. Vy =YV, = 9;]
S . Ox 0 0 V
W2 b= 0

| Projectile motion can be divided into a
N\ horizontal and a vertical motion along the
x- and y-axes, respectively.

R ‘;l ) These two motions are independent of
each other. Motion along the x-axis has a,
5. =0. Motion along the y-axis has uniform

] ' acceleration a,=-g.




Motion in Two And

Three Dimensions

the particle's equations of motion along the horizontal x axis and
vertical y axis are

Horizontal
No Force ® a, =0 Uy =10 S
Motion » » ) " » 0
Vertical
Motion x — xq = (vgcos ),
Gravity : 1
s Y = Yo = (vpsin )t — 381%,
ay;—g Vy=VOSin oo_gt9
UV, =Vgy,— gt vy = (vosin 6)° — 2g(y — y).
\ 4



Motion in Two And

Three Dimensions

Maximum V=% ) o _ Wosin8p)?
HeightH v~0 29
_ Y
The Range R “7 : 5 R=-Lsin2b | 6y =45 3Ry =
V=

AN

Projectile’s Path ol
] r's

The horizontal range R is maximum for a launch angle of 45°.
o

I The range

Launching point




Motion in Two And

Three Dimensions

Sample Problem 4-7

Figure 4-16 shows a pirate ship 560 m from a fort de-
fending a harbor entrance. A defense cannon, located at
sea level, fires balls at initial speed vy, = 82 m/s.

(a) At what angle 6, from the horizontal must a ball be
fired to hit the ship?

(b) What is the maximum range of the cannonballs?




Motion in Two And

Three Dimensions

Problem 4-21

A projectile is fired horizontally from a gun that is
45.0 m above flat ground, emerging from the gun with a speed
of 250 m/s. (a) How long does the projectile remain in the air?

X — xg = (vycos )1,

}’=Uo Sin90 t —%gtz

Y = Yo = (vosin 6o}t — 381°,
—45=2505in(0)—%9.8t2 v, = vgsin 6 — g1,

7 = Q 2_2 . ;
tZ:j_Z=9.18 =| t=3.03s ¥y = (g smity)":—=28(y = W)




Motion in Two And

Three Dimensions

Problem 4-21

(b) At what horizontal distance from the firing point does it
strike the ground?

X — xg = (vycos )1,

X = Vocosf,t

X = 250¢c0s(0)(3.03)
X=1757.om

y — Yo = (vysin o)t — 3gr?,

v, = Vg Sin 6y — gt,

vy = (vosin 6p)° — 2g(y — y).

(c) What is the magnitude of the vertical
component of its velocity as it strikes the ground? #52*

vy=v0 Sin 90 - g t
v, = 250sin(0) —9.8(3.03) .
v, =-29.7m/s




Motion in Two And

Three Dimensions

Problem 4-38

You throw a ball toward
a wall at speed 25.0 m/s and at
angle 6, = 40.0° above the hori-
zontal (Fig. 4-38). The wall is T
distance d =22.0m from the FIG. 4-38 Problem 38.

d

release point of the ball. TN ————n
(a) How far above the release t = v, C0s 6, o= (Vo . )L, 1
point does the ball hit the wall? rvvreeecrrrnmneeees = | ¥ — Yo = (vpsin 6)r — 381°,

vy = Vg Sin 6 — gt,
The equation of the projectile path (TRAJECTORY) V2 = (v sin 6)2 — 280y — yo).

gx°

2(vy cos 6;)?
9.8(22)
2(25c0s 40)°

y = (tan 6y)x —

y = (tan40)22 — =11.99m




Motion in Two And

Three Dimensions

Problem 4-38

What are the (b) horizontal and
(c) vertical components of its velocity as it hits the wall?

d

vx — va Ffr - {Fﬂ Sln Bﬂ)? _ zg{y _ }‘u). AR SEL ALY LS AACLS L B2 A Ay
o c0s(40 FIG. 4-38 Problem 38.
v, = 25€05(40) V2 = (25sin 40)% — 2(9.8)(11.99)
v, =19.15m/s ) x = xg = (vgcos o),
v, =23.23 =|v, =4.82m/s _ X
y ! Y = Yo = (vosin o)t — 38%,

o . _ vy = Vg Sin 6 — gt,

(d) When it hits, has it passed the highest point on its trajectory? V2 = (vosin B — 2807 — o).

Not yet, because v, still positive.




Motion in Two And

Three Dimensions

uniform A particle is in unifc_:rm cir.cular motion if it moves on a
circular path of radius r with constant speed v.

cnrcular Even though the speed is constant, the velocity is not.

Motion  Thereasonis that the direction of the velocity vector
changes from point to point along the path.

The fact that the velocity changes means that the

acceleration is not zero. /0\]
i

<4

Th iod The time T it takes to complete a full revolution is I o
e perio known as the “period.” It is given by the o
equation

: distance \
Time= - -
velocity

T 2rr

y




Motion in Two And
Three Dimensions

. The velocity in uniform circular motion has the followin
tangential wn &
characteristics:

Velocity 1. Its vector always tangent to the circle in the direction
of motion.

2. Its magnitude v is constant and given by the equation :

2 2 2
v:\/vx +Vy +V;

. The acceleration in uniform circular motion has the
Centripetal . o
following characteristics:

Acceleration 1. its vector points toward the center of the circular
path, thus the name “centripetal.”
2. Its magnitude a is constant and given by the equation :

a—=—-.
r




Motion in Two And

Three Dimensions

v=-vi Va i’r:\’j -
/
4 a=dal g—» «—@—x d=-ai

CHECKPOINT § An object moves at constant speed along a circular path in
a horizontal xy plane, with the center at the origin. When the object is at x = —2 m, its
velocity is —(4 m/s)j. Give the object’s (a) velocity and (b) acceleration at y = 2 m.



Motion in Two And

Three Dimensions

Sample Problem 4-10

What is the magnitude of the acceleration, in
g units, of a pilot whose aircraft enters a horizontal cir-
cular turn with a velocity of ¥, = (4001 + 500j) m/s
and 24.0 s later leaves the turn with a velocity of
= (—4001 — 5007) m/s? -
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