Lecture 04 Motion in Two Dimensions

This lecture gives you the same content as that in Chapter 03&04 in
Serway/Jewett’s textbook of “Physics for Scientists and Engineers with Modern

Physics”.

The Displacement Vector

Coordinate Systems N
r=yx*+y?, x=rcos@, y=rsing
tanf = y/x 7(6,0)
Vectors and Scalars
T (4.2)
vector: displacement, AT =T, —T; i i pX

scalar: distance,

AF|=[F, ]

Addition of Displacement Vectors




General Properties of Vectors

Equality of Two Vectors: A=B
Adding Vectors: A+B=B+A
Multiplying a Vector by a Scalar: 1. A 2. 0-A=0 3. 2-A=2A

Subtracting Vectors: A—B = A+ (-B)

A+B=B+A, A+(B+C)=(A+B)+C

scalar product: A-B see Chapter 6-2
vector product: AxB see Chapter 10-1 A

Components of a Vector and Unit Vectors

A=Ai+Aj=(A.A)=Acosd +Asing Asin®
X

W=,/AX2+A§=A Acosd

If A=Ai+AJ+AK, A=A+ A +A?.

See active fisure AF0316.

A=Ai+Aj+Ak & B=B,i+B,j+Bk
> A+B=?, 0-A=?, 2.A=?, A-2B="
Unit Vectors

If A=1, A=Ax|p+ij¢ is a unit vector.

If A#1, A/A is a unit vector. -->

A_A_
Al A
If A:Aj+ ij is a unit vector, A can be rewritten as A=cosd +sind .

Example: The resultant displacement: Ari=(1.5, 3), Ar=(2.3, 1.4), Arz=(-1.3, 1.5), R=?
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Unit vector?

Direction of v at @

4.1 Position, Velocity, and Accelerz

displacement: AF =T, —T;

~
) _ r ®'
average velocity: V,,, =—
At
) ) _ . AT d . —
instantaneous velocity: V= lim —=—r ) iP5
At->0 At dt {
®
or v[
r vy v: ;A\'
/
)
. — \7f _\7i A\7
average acceleration: Aag = =— y x
tf _ti At ey
) i .. AV d_
instantaneous acceleration: a = lim — = —V
At->0 At dt

4.2 Two Dimensional Motion wi

F=X-1+Yy-] .
o d. d - d A D 7 I =
V=—T7=—X-14+—Y-]

dt dt dt -

Vo=V, +at, vol+vyj=v,i+v, j+at-i+at-]

. : o
ri=r+vt+ E at® ->separate into x and y directions fc)

Example: A particle move through the origin of an xy coordinate system at t = 0 with
initial velocity V=201 —15] (m/s). The particle moves in the xy plane with an

acceleration =41 (m/s?). Determine the components of velocity as a function of
time and the total velocity vector at any time.

Att=0, X, =0i+0], V, =201 -15], a=41



— \ t
a:d—‘t’=4f, oV =4dti, [dv=[4dti, V=V, +4ti =(20+4t)i ~15]
vO0 0

dx =[(20+ 4t} —15 i, fdi = [(20+ 4t)ati + j(—15)dtj . % = (20t + 2t § —151]
x0 0

4.3 Projectile Motion
We assume that (1) The free-fall
acceleration ¢ is constant over the t l

g

SerwaylJewett; Principles of Physics, 3/e
Figure 3.5

range of motion. (2) The effect of air %=0

resistance is negligible.

Viy i \Vi 1
tang, = — +
Vix i 1 5

Vi =V, €080, v, =V;sind
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v, =V;c086, v, =Vv;singd - gt
. 1 ., Y A
X¢ =X +V,c080-t, Yy, =Yy, +V, sm@-t—zgt > T :ri+vit+§gt

If x,=y,=0,wehave X; =v,cosé. Remove the time, we have an expression of

g 2
x and y as =(tanfd)x - ————x".
vas BRI 2v2 cos? 6,
The projectile motions can be considered to be the superposition of (1) constant-
velocity motion in the horizontal direction and (2) free-fall motion in the vertical

direction.

Horizontal range and maximum height of a projectile

H 2 ain2
t, :vism&’ h o Visin 0
9 29
2 -
R = (v, cos6)2t,, =%
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Example: A long-jumper leaves the ground at an angle of 20.0° above the horizontal
and at a speed of 11.0 m/s. How far does he jump in the horizontal direction? What

is the maximum height reached?

* S ®
. 110 sin(20.0°) _  ag
g
R=11.0%c0s(20.0°)*2%0.38=7.86 m
1
H= E9.8*(0.38)2 =0.71m
| Target 77 |
Example: A projectile is fired at a target T in a way ‘"g‘)* —
that the projectile leaves the gun at the same time the ,&\\\/// E T’
G\ﬁ// "
target is dropped from rest. Show that if the gun is 552 \+ | ot
P Point of
initially aimed at the stationary target, the projectile 9/ collision J_‘,L[
0 i "
hits the target. % -n i
V.. Gun )l !
Prove that tang, === Y l
. X (b)
Xi T EER———.

2 2
X =Vt > tzx—T,Hitmeans that vy, =Vin—T—%g(X—Tj +£g(X—TJ .
V

Xi Xi

Example: A stone is thrown from the top of a building upward at an angle of 30.0° to
the horizontal with an initial speed of 20.0 m/s.  If the height of the building is 45.0

m, how long does it take to reach the ground?



4.4 Uniform Circular Motion

Serway/Jewett; Principles of Physics, 3/e

Uniform Circular Motion Figure 3.11

centripetal acceleration, use polar coordinate to solve this typical problem

27 d6’ 27r _Vv
T =—, W= Vi
Vv dt gl .
W
(1) F=rcos@-i+rsind-|
d d v
_ . 0~ 0 -
V=-rsind—1+rcoséd— j
dt
= _VSIn H'I +VCOS€. J Harcourt, Inc. items and derived items copyright © 2002 by Harcourt, Inc.
_ dé - . dé - A
ad=-vcosfd—1 —vsingd— |
dt
2 2
Vv ~oVE L -
=——C0s@-1 ——sind- | r
r r
a4 v
r 0 >
_ AV AV |AF] L VAr . Ar v°
() g =—> [ == Pag|=7—> lim—=v, a=—
At v r r At a—>0 At r

4.5 Tangential and Radial Acceleration
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. d,.
the change in speed: a, = a|v ,

a=.a’+a’



Example: A car exhibits a constant acceleration of 0.300 m/s? parallel to the roadway.
The car passes over a rise in the roadway such that the top of the rise is shaped like a
circle of radius 500 m. At the moment the car is at the top of the rise, its velocity vector
is horizontal and has a magnitude of 6.00 m/s. What is the direction and the magnitude

of the total acceleration vector for the car at this moment?
2

3 =0.300% (m/s?) & = —% §=—-0.072§ (m/s)

4.6 Relative Velomty and Relatlve
Acceleration

Frame A Frame B
| i
Qr

= e _ = = = W X
Moo =Teor Vool Veg =Vpo + Voo i 'TB v

d d b : il : X r
Xea = Xpg + Xgas ——Xpa = —Xpg + == Xga» Vps = Vpg F¥ga Xpa =Xpp+ Xpa

dt dt dt
d Vo, = d Vpp +— Vg, 8o, =@
dt PA dt PB dt BA > PA PB
Relative Velocity
Moo =Teo + Vool Voo =Vpg + Vo '

[

A "l
Xon & Xg, relative to reference A W A =
)'('PB relative to reference B m\ ‘
.u.&\

If the particle P and Frame B move at a speed of several tenths of light speed, the
special relativity of modern Physics must be adopted for relative velocity.
Vpg =0.6C, vy, =0.6C = V., =Vpg +Vg, =1.2C 777

Vg +Vga  1.2C 1.2

= = C<C
1+VpgVga /C* 1+0.36 1.36

VPA -

Example: Barbara's velocity relative to Alex is a constant vga = 52 km/h and car P is
moving in the negative direction of the x axis. If Alex measures a constant velocity

vea = -78 km/h for car P, what velocity vps will Barbara measure?
Vga =92 km/h, Vp, =—78km/h, Vo =Vp, +V,ag =Vps —Vga =—78-52=-130km/h

Example: A plane moves due east (directly toward the east) while the pilot points the
plane somewhat south of east, toward a steady wind that blows to the northeast. The
plane has velocity Vpw relative to the wind, with an airspeed (speed relative to the wind)

of 215 km/h, directed at angle 0 south of east. The wind has velocity Vwg relative to

7
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the ground, with a speed of 65.0 km/h, directed 20.0° east of north. What is the

magnitude of the velocity Vpg of the plane relative to the ground, and what is theta?

Ve =215C08 @ —215sin6], Vi =65sin20°1 +65c0820° ], Voo =Vi +0]

Vow +Vg =Veg = (215c036?+653in20°)f+(—215sin¢9+65c0320°):vf+0j

6=16.5°, v=228.4 km/h



