Motion in Two Dimensions

Go over vector and vector algebra
Displacement and position in 2-D

Average and instantaneous velocity in 2-D
Average and instantaneous acceleration in 2-D
Projectile motion

Uniform circle motion

Relative velocity*



Vector and its components

The components are the O —
legs of the right triangle A=A + Ay
whose hypotenuse is A

A = Acos(6)

A, = Asin(0)

A= (AF +(A
A or =tan™ A
\tan(@)— A 6=t [AJ




Motion in two dimensions

Kinematic variables in one dimension

Position: X(t) m
Velocity: v(t) m/s
Acceleration: a(t) m/s?

Kinematic variables in three dimensions
Position: Ft)=xi +yj+zk m
Velocity: V(t) =V +v,j+V,k m/s
Acceleration: a(t)=a, +a,j+ak m/s?

All are vectors: have direction and
magnitudes



Position and Displacement

In one dimension
AX =X, (t,) —x (t)

X1 (Tl) - - 40 m, X, (Tz) =+ 20 m
Ax=+20m+40m=+6.0m

In two dimensions

Position: the position of an object is
described by its position vector T (t)
always points to particle from origin.

Displacement: AF =T, —T
AT = (XziA"' Y, j) - (X1f+ Y1 j)
= (X, — Xl)f+ (Y, - yl)j
= AXI + Ayj



Average & Instantaneous Velocity

Average velocity ; _Ar
avg
At

— AX o A o a
Vavg — I+ y J _Vavg xI +Vavg yJ
At At ’ ’

Instantaneous velocity

I . Ar dr
v=Imv, =lIm—=—
t—0 t—0 At dt
_dr dx. dy. =
V=—"=—I+—]=V,I+V, ]
dt dt dt

v is tangent to the path in x-y graph;



Average & Instantaneous Acceleration

Average acceleration 3 AV
avg = ‘At Figure 4.1
Physics for Scientists and
5 AV, . Av, j Pva ] Engineers 6th Edition,
M9 At Favg.x avg.y Thomson Brooks/Cole ©

2004; Chapter 4

Instantaneous acceleration

AV dv _dv dv - dV s e e
a=lma,, =Im—=— a= ~J=aJl+a,]
t>0 29 t50 At dt dt dt d

The magnitude of the velocity (the speed) can change

The direction of the velocity can change, even though the
magnitude Is constant

Both the magnitude and the direction can change



Motion in two dimensions

Motions in three dimensions are independent components
Constant acceleration equations

— — — = = = 1 =42

Constant acceleration equations hold in each dimension

V, =V, +at Vy =Vo, +a,t

X—XOZVOXt-l-%aXt2 y_yo:\/Oyt_|_%a)/t2
2 _, 2 B 2 2

Vv, Vo +23-X(X XO) Vy =V0y +Zay(y_yo)

t =0 beginning of the process;
d=a,l+a,] wherea, and a, are constant;
Initial velocity v, =v, I +Vp, | initial displacementr, = X, +Y,] ;



Projectile Motion

X- horizontal, y- vertical (up +) Iypesof Projectles
Try to pick X, =0,y,=0att=0 s
Horizontal motion + Vertical motion

i
Horizontal: a, = O, constant velocity ’ ) . ‘
motion
Vertical: a,=-g=-9.8 m/s? v, =0 . ﬁ %
Equations:
Horizontal Vertical
V, =V,, +a.t V, =V, +at

Y :yi+viyt_%gt2
— 1 2 _ _ 1 2
X=X, =Vpt+sal Y=Yy =V, t+3at

2 2 2 2
v, =Vo,0 +28,(X=X%,) v," =V, +2a,(Y-Y,)



Projectile Motion

— _ 1 2
X=Xy +Vo,l Y=y, +V,t—30t

Horizontal Vertical |

_ _ _ | 5o,
take x,=0,y,=0att=0 s
Horizontal motion + Vertical motion " B
Horizontal: a, = 0, constant velocity G O e
motion :\
Vertical:  a,=-g =-9.8 m/s? " 1
x and y are connected by time t
y(X) Iis a parabola




Projectile Motion

Horizontal: a, = 0 and vertical: a, = -g.
Try to pick x, =0,y,=0att=0.
Velocity initial conditions:

V, can have X, y components.

Vo, IS constant usually.
Voy Changes continuously.

v, = 0 at this point

Equations:
Vy, =V, SIN 6, V,, =V, C0SH,

Horizontal Vertical
Vx — VOX Vy — VOy R gt
X = Xo +Vo,l Y=Y, +V,l =70t



Trajectory of Projectile Motion

Initial conditions (t = 0): X, =0, Yy, =0
Vox = Vo €0SE, and Vv, = v, Sinb,
Horizontal motion: Y ” Uy =0
X > . Hv Ve = Vo
X=0+v,t = t= M R
calmotion: "0 5 o ho
Vertical motion: v
y= 0 +V0yt _% th % Pru_]er.-,tlles Path// % o
X | g X i ; PaTlew e
y = Voy[—] ——[—) vﬂ:}l‘ ". U::': U,
VOx 2 VOx Uy -__:v
— 9 2 ;| :
y=xtanf, —-—————X b : Uy = Vour
2V, cos” 6, Mo 5 -0,
R B0 i B<0 oo >
Parabola;
Uy— Uﬂj" p=un

6,=0and 6,=90 ?




WhatisRand h ?

Initial conditions (t=0): X,=0,y,=0 i
—_ — 1 v. 1 v y=0
Vg, = Vo C0SB, and v, = v, Sind,, then )?H , n
X=0+V,t 0=0+v,t—3gt* w3 h "N
NV i

¢ = Yoy 2V, Sin 6, AN

VX
= 0 01 Yox V), | gi
g g R ‘ 3 |

. 2 .
2V, COS GyVp SIN 6y _ V™ SIN 26,

5o

R=X-X,=V,,t= : ; \_ﬁ
2 '\
t gt P\
h=y—y,=Vo,t,— 0t =V, E_E(§j | | o
> . Horizontal Vertical
n_ VYo SIn o,
29 V, =V,, V, =V, — gt
2V

Oy

g

V, =V, —0t=Vy, — g =V, X=X, +Vo,l Y=Y,+V, t——gt



Projectile Motion
at Various Initial Angles

Complementary
values of the Initial
angle result in the
same range
The heights will be
different
The maximum range
occurs at a projection
angle of 45°

v, sin 2¢
9

R

Figure 4.11

Physics for Scientists and
Engineers 6th Edition,
Thomson Brooks/Cole ©
2004; Chapter 4



Summary

Position  F(t)=xi +yj

AT AXa AY: s
Average velocity Vaw = 3 T At T A T Vaveod TV ]

- aXE = a =
Acceleration dt  dt? YT gt de?

Vi Vi a2l d & 2 &

T [ E LA U S P
t-0 At dt dt dt y

r(t), v(t),and a(t) are not same direction.
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