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Position, Velocity, Acceleration

* Just as 1n 1d, 1n 2d, an object’s motion 1s
completely known 1f it’s position, velocity,
and acceleration are known.

* Position Vector =r

—In terms of unit vectors discussed last time,
for an object at position (x,y) in x-y plane:

r=xi+tyj
For an object moving: r depends on time t:
r=r{t)=x)1+y()]



* Suppose that an object moves from point A(r;) to
point B(r,) in the x-y plane:

* The Displacement
Vector is: = Ar =r; - T,
If this happens in 1n a time

Path of

At = tf - ti particle

 The Average Velocity is: |
Vavg - (Ar/ At) Figure 4.1 A particle moving in the

: o xy plane is located with the position
ObVlOUSly, this in the same vector r drawn from the origin

direction as the displacement. to the particle. The displacement of
the particle as it moves from @ to

It 1s independem of the Path in the time interval At = ,— {;is

-

between A and B lequal to the vector A¥ ='F, - ¥,
O©http://www.phys.ttu.edu/~cmyle

s/Prof. Charles W. Myles



* As Af gets smaller & smaller, clearly, A and B
get closer & closer together. Just as m 1d, we

define The Instantaneous Velocity
= Velocity at Any Instant of Time.

= average velocity over an infinitesimally short time
* Mathematically, the instantaneous velocity 1s:

v= lim,, . ,[(Ar)/(A?)] = (dr/di)
lim ,, ., = ratio (Ar)/(Af) for smaller & smaller
At. Mathematicians call this a derivative.
—> The instantaneous velocity

v = time derivative of displacement r



o Instantaneous Velocity v = (dr/dt).

The magnitude |v| of vector v = speed. As motion
progresses, the speed & direction of v can both
change. For an object moving from A (v;) to B (v;) in
the x-y plane:

Velocity Change = Av=v,- v,

1

This happens in time Ar=t¢,- t.

1

Average Acceleration =N\,
e = (AV/AY) '
As both the speed &
direction of v change,
over an arbitrary path




Example: Motion of a Turtle

) x=dcos 0 h 0

Vg = Vo COS 6
X =10, 1t

(a) (b)

A turtle starts at the origin and moves with the speed of v,=10 cm/s in
the direction of 25° to the horizontal. cos25°=0.906, sin25°=0.423

(a) Find the coordinates of a turtle 10 seconds later.
(b) How far did the turtle walk in 10 seconds?



Notice, you can solve the
equations independently for the y
horizontal (x) and vertical ()
components of motion and then
combine them!

E?Uy =7, sin 0 5 — 050

O v,,=vycos 6

—

Vo =V, + v,
X components:
V,, =V, 0825 =9.06 cm/s

Y components:
Vo, = Vo SIN25 =4.23 cm/s

=Yy t

(b)

—): A_|_ A
Distance from the origin: =0t id.em

d =~/Ax* + Ay> =100.0 cm

Ax=v,.t=90.6 cm

Ay =v,,t=42.3 cm



Average and Instantaneous

Acceleration

Average acceleration |; _4v|

avg At_
- AVx A AV A A A
aavg = At A +aa"gsy]

Instantaneous acceleration " x
. Av dv . dv dv, . dv, . .
a=lma, =lim—=— a=—=—xl+—]—al+a]

-0 50 Af dt dt dt

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



Summary 1n 2D motion

Position |7 () =xi +yj
- Ar _ Ax » Ay A A "
Average velocity [Vae = T A T T Vaead TVay
_ by = dx by = dy
Instantaneous velocity T y
. . A dr dx. dy s » A
vi)=lm—=—=—1+ y]:vxz+vy]
=0 At dt dt dt
dv. d’x dv, d’y
Acceleration |%=—""="5| |4, =—~=—73
dt dt Yoodr dt
i) =tim™ o v Wy s
=0 At dt  dt a /T

Assoc.Prof.Dr. Fulya Bagci



2D Motion with Constant Acceleration
e It can be shown that:

Motion in the x-y plane can
be treated as 2 independent
motions in the x and y directions.

= So, motion in the x direction
doesn’t affect the y motion and
motion in the y direction doesn’t
affect the x motion.



Motion 1n two dimensions

e Motions in each dimension are independent components
« Constant acceleration equations

—

vV =y,+at r—r =yil+5at

« Constant acceleration equations hold in each dimension

vx — va +axt Vy - VO)’ T ayt
— 1 2 2
X—X, =V, t+3at Y=Yy =V, t+5a,t
5 2 _ ) P
v, =V, +2a,(x—Xx,) v,m=v, +2a,(y—y)

— t =0 beginning of the process;
— a=ad+a,j wherea, aAnd a, are constant; A
— Initial velocity v, =v, i +v, j initial displacement 7, = x,i + y;/

e
.



Example 4.1: A particle starts from the origin at /=0 with an 1nitial
velocity having an x component of 20 m/s and a y component of -15
m/s. The particle moves in the xy plane with an x component of
acceleration only, given by a =4.0 m/s?>. (a) Determine the
components of the velocity vector at any time and the total velocity

vector at any time.
Uyr = Uy T axt = (20 + 4.0¢) m/s

Uy = Uy + @t = —15m/s + 0 = —15 m/s

V= vl + v,}.‘,-j\ = [(20 + 4.0 — 15j] m/s

a = 4.0i m/ s> v, = [‘2(_}; = Iﬁj] m/s

b) Calculate the velocity and speed of the particle at
y p p
t=5.0's. vi=[(20 + 4.0(5.0))i — 15j]m/s = (40i — 15j) m/s

!
L‘

Uy —=1.5m. /8 5
0 = mn_l( ’I) = tan_l( i ): —21
Uxf 40 m/s




4.3 Projectile Motion

2-D problem and define a coordinate system: b=
X- horizontal, y- vertical (up +)

Try to pickx,=0,y,=0at¢t=0

Horizontal motion + Vertical motion
Horizontal: a, = 0, constant velocity motion
Vertical:  a,=-g=-9.8m/s% v, =0

Equations:
Horizontal Vertical
V., =V, Tat V, =V, T ayt

. 1 2 . . 1 2
X=X, =V, I+5a.tl Y=Yo=W,lt5a;

)

2 2 2 2
v, =v, +2a.(x—x,) v, =V, +2a,(y—y,



X and Y motions happen independently, so

we can treat them separately
Horizontal Vertical

V.=V, V, =V, — &1

ﬁxi = ﬁiCOSQi ﬁyi — 19iSinQi
X=Xy +Vo L V=)o +V0yt_%gt2

Try to pickx,=0,y,=0at¢t=10

Horizontal motion + Vertical motion
Horizontal: a, = 0, constant velocity motion
Vertical:  a,=-g=-9.8 m/s?

X and y are connected by time t

y(x) is a parabola

=30

-1ooR

Lyl
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Maximum Height of a Projectile

Vyr = Uy, + czyt

0 = v;sin 0; — gip

U; sin 92
tA =
g
, v; SIn 0; v; sin 6; \?
h = (v;sin 0,)— - — %g( ’ I)
g g
 97sin?0;
— 29
2

Maximum Height |h = 2_’"
[



Horizontal Range of a Projectile

Horizontal Vertical

Ax = vyt _ 1 .
43 Ay—voyt—zgt

Uy =170y—gt

Max Height

Vo J
<€ >
Range
219,-Sin9i
t = ZtA —
9

29;sinf; Zﬂlzsineicosei

R =19,t=19;co0s0;

9 g

29,9,
R = xiVyi

[



Example 4.3: The Long Jump
A long-jumper leaves the ground at an angle 0, = 20° above the
horizontal at a speed of v, = 11.0 m/s.(cos20°=0.94, sin20°=0.34)

a) How far does he jump in the horizontal direction?
(Assume his motion 1s equivalent to that of a particle.)

b) What 1s the maximum height reached?

Kinematic Equations
Vyi = Vic0s0,, v, =vsind, v, =v
Xy = v, t, Vyr = Vyi— gt
Yi = Vyit- (V2)gt?
(Vys) b= (Vyi)2 - 28Y;

xi




The Long Jump: Solutions
A long-jumper leaves the ground at an angle 0, = 20° above the
horizontal at a speed of v, = 8.0 m/s. (c0s20°=0.94, 5in25°=0.34)

a) How far does he jump in the horizontal direction?
(Assume his motion 1s equivalent to that of a particle.)
b) What 1s the maximum height reached?
v, =vVv;c08(0,) = 7.5 m/s
vy = V; sin(0;) = 4.0 m/s
a) How far does he jump in the
horizontal direction? Range =
R = (Q2vv,/g) =2(7.5)(4)/(9.8)
R=7.94 m

Kinematic Equations
Vyi = Vic0s0,, v, =vsind, v, =v
Xy = v, t, Vyr = Vyi— gt
Yi = Vyit- (V2)gt?
(Vys) b= (Vyi)2 - 28Y;

xi




The Long Jump: Solutions

A long-jumper leaves the ground at an angle 0, = 20° above the
horizontal at a speed of v, = 11.0 m/s.(c0s20°=0.94, sin20°=0.34)

a) How far does he jump in the horizontal direction?
(Assume his motion 1s equivalent to that of a particle.)

b) What 1s the maximum height reached?

v, =vVv;c08(0,) = 7.5 m/s

vy = V; sin(0;) = 4.0 m/s

R=7.94m
b) What 1s the maximum height?

h = [(v)*/(2g)]
h=0.72 m

Kinematic Equations
Vyi = Vic0s0,, v, =vsind, v, =v
Xy = v, t, Vyr = Vyi— gt
—— — IO Y = Vyit- (2)gt?
©Serways Physics 9th Ed. (Serway, (Vy) * = (V) - 28Y;
Jewett)

xi




Example 4.4: Non-Symmetric Projectile Motion

A stone is thrown. x, =y. =0
y; =-45.0 m, v, =20 m/s, .= 30°
a) Time to hit the ground?
b) Speed just before it hits?

¢) Distance from the base of the
building where 1t lands?

(c0s30°=0.87, sin30°=0.5)

v; = 20.0 m/s

-- -
- - -
- iy

45.0 m Sk

: © Brooks/Cole Thomgon
~_ 2006 College Physics

07 Thomson Higher Education

Kinematic Equations
V. = Vv,cos0,, Vi = v.sin0,
Vir = Vyis  Xp = VYt
Vyr = Vyi= gt
Yi = Vyit- (2)gt?
(Vys) b= (Vyi)2 - 2gy;




Example 4.4: Solution

A stone is thrown! x. =y. =0
y; =-45.0 m, v, =20 m/s, .= 30°
a) Time to hit the ground?
b) Speed just before it hits?

¢) Distance from the base of the
building where 1t lands?

First, calculate
v, =V;cos(0,) =17.3 m/s
vy = V; sin(0;) = 10.0 m/s
a) Time to hit the ground?
(Time when y; = -45.0 m)
yr =-45m = vt - (V2)gt?

A general quadratic must be solved
using the quadratic equation.

This gives:
t=4.22s

v; = 20.0 m/s

----------
- -

45.0 m _ie

il

- -

= L =
@ 2007 Thomson Higher Education

Kinematic Equations
V. = Vv,cos0,, Vi = v.sin0,
Vir = Vyis  Xp = VYt
Vyr = Vyi= gt
Yi = Vyit- (2)gt?
(Vys) b= (Vyi)2 - 2gy;




Example 4.4: Solution

A stone is thrown! x. =y. =0
y; =-45.0 m, v, =20 m/s, .= 30°
a) Time to hit the ground?
b) Speed just before it hits?

¢) Distance from the base of the "5
building where it lands? 5.0 m S

First, calculate 1
v, =V;cos(0,) =17.3 m/s . © Brooks/Cole Thomspn

Vyi =v, sm(ﬂ) =10.0 m/s : 2006 College PhySiCS
h —_ 4 22 S 02007 Thoms Hihor Eucaton
b) Velocity just before it hits?
Vir = Vyis Vyp = Vyi— gt 80 vy =17.3 m/s
Vyr =10-(9.8)(4.22) =- 31.3 m/s

v; = 20.0 m/s

-- -
- - -
- iy

Kinematic Equations
V. = Vv,cos0,, Vi = v.sin0,

Speed (vp)* = (Vy)* + (vy)’? Vir = Viis  Xp T Vil
v, =35.8 m/s Vyr = Vyi- 8t
Angle: tan(8)) = (v,/v,) = -(31.3/17.3) =-1.8 Yr = Vyi t- (2)gt?

0;=-60.9° (Vyp) * = (Vy)* - 28y;



Example 4.4: Solution

A stone is thrown! x; =y, =0 2 BRD mfs

b.
y;=-45.0m, v;=20 m/s, 0;=30° | G ——
a) Time to hit the ground? & .
b) Speed just before it hits?

¢) Distance from the base of the i
building where it lands? Om E98

First, calculate

Vyi = V;cos(9;) =17.3 m/s " © Brooks/Cole Thomso
Vyi = V; sin(0;) = 10.0 m/s v 2006 College Physics I
thit =4.22 s W
v, =35.8 m/s, 0; = -60.9° Kinematic Equations
¢) Distance from the base of the V= v,c0s0,, Vyi= v,sin0,
building where 1t lands? Vi =V, Xp = Vit
Xp = Vyi by = (17.3)(4.22) =73.0 m Vyr = Vy;- gt

Yi = Vyit- (2)gt?
(Vys) b= (Vyi)2 - 2gy;



Example: Driving Off a CIiff!!

A movie stunt driver on a motorcycle speeds horizontally off a 50.0-m-high
cliff. How fast must the motorcycle leave the cliff top to land on level

ground below, 90.0 m from the base of the cliff where the cameras are?

Kinematic Equations: v;=v,cos0;, v,;=vsin0,,v; =v, x; = v;t

I -
Sid
Tt el :_l:_x
; \"*;I ~
p
P
¢ 2 50.0m
= A \
‘-q

Vyr =V — 86 ¥y =V, 0- (2)gt?, (Vyp) 2= (Vyi)2 - 28y

= O©http://www.phys.ttu.edu/~cmyle
s/ Prof. Charles W. Myles



Solutions: Driving Off a CIiff!!

A movie stunt driver on a motorcycle speeds horizontally off a 50.0-m-high

cliff. How fast must the motorcycle leave the cliff top to land on level

ground below, 90.0 m from the base of the cliff where the cameras are?
Kinematic Equations: v;=v,cos0;, v,;=vsin0,,v; =v, x; = v;t

1

Vyr =V — 86 ¥y =V, 0- (V2)gt?, (Vyf) 2= (Vyi)2 - 28y

nee
I vV, =V.=72, Ve = -gt
& —> + X o X;=Vgt,  ¥p =- (Y)gt?
W F T~ 1=8 Time to the bottom =
£ ! \\\ time wheny =- 50 m
N - (Y)gt?=-50 m
i“n' 50.0 m N\ t=3.19s
i N\ Atthattime x;=90.0 m
y=-500m) S0 vy=(x/0)=(90/3.19
ot . i —
3 - 90.0m - = Vi = 28.2 m/s

O©http://www.phys.ttu.edu/~cmyle
s/Prof. Charles W. Myles



