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r1(t) = (x1(t) , y1 (t) ) = x1 ȋ + y1 ĵ

r(t)  = ( x (t) ,  y (t) ) = x ȋ + y ĵ

r2(t) = (x2(t) , y2 (t) ) = x2 ȋ + y2 ĵ
• Position Vector
• Displacement Vector

ȋ
ĵ



(x2 – x1)

(y2 – y1)

Δr= r2 – r1= (x2-x1) ȋ + (y2-y1) ĵ

ȋ
ĵ

=  Δx   ȋ +   Δy    ĵ



Find the displacement vector of a bee 
between two watermelon’s seeds.

1.Choose a coordinate system.

x

y

2. Find the position vectors.

r1 r2

r1 = -2 ȋ -2 ĵ
r2 = 2 ȋ -3 ĵ

r2 – r1 =(2-(-2)) ȋ + (-3-(-2)) ĵ Δr=4  ȋ - ĵ

Δr

|Δr| = √(42 + 1) |Δr| = √17

θ

tan θ = 1/4 θ=tan-11/4 ≅ 14o





Problem10: 

The position vector r=5.00 t ȋ + (e t + f t2) ĵ
locates a particle as a function of time. 
Vector r is in meters, t is in seconds, and 
factors  e and f are constants. Figure  4-34 
gives the angle of the particle's direction of 
travel as a function of t  (measured  from the 
positive x direction). What are (a) e , and (b) f, 
including units?

[y (t) ] = [e t + f t2]
= [et] + [f t2]
= L

[et]    = L [ft2] = L  

[f] = L/T2

[e] [t] = [e] T = L

[e] = L/T

[f] [t]2 = [f] T2 = L



Problem10: 

The position vector r=5.00 t ȋ + (e t + f t2) ĵ
locates a particle as a function of time. 
Vector r is in meters, t is in seconds,and
factors  e and f are constants. Figure  4-34 
gives the angle of the particle's direction of 
travel as a function of t  (measured  from the 
positive x dtection). What are (a) e , and (b) f, 
including units?

Vin = dr /dt
=d[5.00 t ȋ + (e t + f t2) ĵ]/ dt
= 5.00   ȋ + (e + 2 f t) ĵ

The direction of Vin is always 
tangent to the particle's path.

tan θ(t)= Vy(t) / Vx(t)
= (e + 2 f t)/5.00

t= 0      
tanθ(0) = tan 350 =[e +2f (0)]/5

e= 3.5 m/s

t= 14 s     
tanθ(14) = tan 00 =e +2f (14)

f= - 0.125 m/s2

[f] = m/s2[e] = m/s





Projectile motion
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The vertical speed of the ball 
increases by time, while its horizontal 

speed doesn’t change.

Projectile motion



x

y

0

h
v0

X
Uniform m.

Y
Accel. m.

ACCL. ax = 0 ay = g = -9.81 
m/s2

VELC. vx = v0 vy = g t

DSPL. x = v0 t y = h + ½ g t2

g

Projectile motion
• Horizontal projectile

(θ= 0)
h

V0

R

t=T



y = h + ½ g t2

0 = h + ½ g (Δt)2

Δt = √ 2h/(-g)

Δt = √ 2h/(9.81ms-2)



x = v0 t
y = h + ½ g t2

t = x/v0

y = h + ½ g (x/v0)2

y = h + ½ (g/v0
2) x2

y = ½ (g/v0
2) x2 + h

v02 > v01

v01



Δt = √ 2h/(-g)

Δx = v0 √ 2h/(-g)

x = v0 t

Δx = v0 Δt

Δx



v

vx = v0

vy = g t

v = √vx
2 + vy

2

= √v0
2+g2t2

tgΘ = v
y
/ v

x
= g t  / v

0

Θ



v

vx = v0

vy = g t
v = √vx

2 + vy
2

v = √v0
2+g2(2h /(-g))

v = √ v0
2+ 2h(-g)

Θ tgΘ = g Δt / v0

= -(-g)√2h/(-g) / v0

= -√2h(-g) / v0

Θ < 0

Δt = √ 2h/(-g)



Δt = √ 2h/(-g)

Δx = v0 √ 2h/(-g)

v = √ v0
2+ 2h(-g)

tg Θ = -√2h(-g) / v0



Lec3: 46



vi

x

y

θ

vix

viy

vi = vi [Θ]

vix = vi cos Θ

viy = vi sin Θ

x = 0, y = 0



x

y

a  = g = 

- 9.81m/s2





Projectile motion
• Horizontal motion

V0

θ

Vx = V0 cos θ

Vy = V0 sinθ

Horizental motion : Constant velocity,
No acceleration

ax = 0
Vx = V0 cosθ
X   = V0 cosθ t 



Projectile motion
• Horizontal motion
• Vertical motion

V0

θ

Vx = V0 cos θ

Vy = V0 sinθ

Vertical motion : Constant acceleratin

ay = g
Vy = g t + V0 sinθ
Y   = 1/2 g t2 + V0 sinθt + Y0

Vy = - V0 sinθ

Vy = 0



X
Uniform motion

Y
Accelerated motion

ACCELERATION ax = 0 ay = g = -9.81 m/s2

VELOCITY vx = vix= vi cos Θ
vx = vi cos Θ

vy = viy+ g t
vy = vi sin Θ + g t

DISPLACEMENT x = vix t = vi t cos Θ
x = vi t cos Θ

y = h + viy t + ½ g t2

y = vi t sin Θ + ½ g t2



x = vi t cos Θ
y = vi t sin Θ + ½ g t2

t = x/(v i cosΘ)

2
22

22

2

cos2
tan

cos2cos
sin

x
v

gxy

v
gx

v
xvy

i

ii

i












y = bx + ax2

y

x



0 = v i Δt sin Θ + ½ g (Δt)2

y = v i t sin Θ + ½ g t2

-vi sin Θ=½ g Δt

0 = vi sin Θ + ½ g Δt

Δt =  -2 vi sin Θ
(g)



x = vi t cos Θ

Δx = vi Δt cos Θ

Δt =
2 v i sin Θ

(-g)

Δx =
2vi 2 sin Θ cos Θ

(-g)

Δx =
vi 2 sin (2Θ)

(-g)

sin (2Θ) = 2 sin Θ cos Θ

Horizontal range

x1=0 x2=R



Δx = vi 
2 sin (2Θ)
(-g)

Θ (deg) sin (2Θ)

0 0.00

15 0.50

30 0.87

45 1.00

60 0.87

75 0.50

90 0



2
22 cos2

tan x
v

gxy
i 
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The horizontal distance 
changes as a constant velocity

motion.

The vertical distance 
changes as a free fall

motion.
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