Components of Vectors: | .
- aligned along axis

) - add to give vector

— - are vectors
7y m) ™,
/ \ b.=7m
8 0O L = x{1m)

() 0] =

a, =acosf and a, = asinf

ay
a:daf:-l—ag and tanf = —
Length (Magnitude) Gz
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Vector Multiplication

Scalar product

A*B=ABcosH=A B +A B +A B

B is the angle between the vectors if vou put
their tails together

B A*B=B+A

since cos(f) =cos(-0)

—

A
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TABLE 2-1 Equations for Motion with Constant Acceleration?

Equation

Mumber Edquation Wlissing Cuantity
2-11 v=v;+at X -1
2-15 x—xD=vD£+%a£2 v
2-16 v2=vzn+2a(x - xp) i
2-17 x-xy= %(vn—i-v)i c
2-18 X-xp=vi- %azz ¥

2 Make sure that the acceleration is indeed constant before using the equations in this table,
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What does zero mean ?
>t =0 beginning of the process
> X =0 is arbitrary; can set where you want it
> Xo = X(t=0); position at t=0; do not mix with the origin

>V (t) =0 xdoesnotchange X(t)-Xx,=0

>Vo=0 v(t) = at; X(t) - X, = at?/2
>a=0 v(t) = v, X(t) -Xg=Vo t
>a=0 v(t) = vy *at; X(t) - Xo = vy t +at?/2
help: t=(v-vy/a X - X = %(Vv 2- vy?)/a
a=(v-vy/t X -Xg=% (V+Vvy)t

> Acceleration and velocity are positive in the same

direction as displacement is positive
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Projectile Motion; General Case

Horizontal motion Trajectory and horizontal range

T— Ty = Vgt — (tan60) gz? R*Ug .
= (vgcosfy)t y = \tanbojz 2(vp cos 6y)? T g st =Fo
Vertical motion e -
1 Oy N
Y— Yo = voyt — Egtz ¥ '\’
1 " / ;
= (vpsinfy)t — Eg':lt2 5 _I_ A

vy = wvpsinfy — gt
v; = (v sin6g)® — 29(y — wo) i\
' II 1
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Last Lecture: Projectile Motion
Horizontal motion Vertical motion

a =0

ay = -g

In both directions the acceleration is constant

V. = Vg, = constant vy, = Vo, — gt
X = Xg * Vo, T Y = Yo * Vo,t - #gt?
J— t 1 t2
T — Ty = voul Y— Yo = Voy —59
= (vocosBy)t = ('u[,sinGD)t—%th
U
vy = wgsinfy — gt
\
""3 = (vosin®o)® —29(y — yo)
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Newton’s Laws

I If no net force acts on a body, then the body’s velocity cannot
change.

Il. The net force on a body is equal to the product of the body’s
mass and acceleration.

1. When two bodies interact, the force on the bodies from each
other are always equal in magnitude and opposite in direction
(Fi=-F,)

Force is a vector
Force has direction and magnitude

Mass connects Force and acceleration;

Frr = 0 <@ = O (constant velocity)

—s

Fi+ = ma for any object
Fiot.x = Ma, Fioty = ma, Fiotz = ma,
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Uniform Circular Motion

Centripetal acceleration

v
a= — =
T ¥ \\
. ; \z
Period / |
27r » —
— -t fl
v .
\;
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- 2 — =
o ma; = mv2/R = XF What does W =Fe+F mean?
i (aII forces along the direction towards the center) i':' W=Fe«7T
- — r g ﬂ = ]:\.rl._._ ]:I.T'I.
N i i . r .
> Gravitational Force: mg N F = Freosd
down to the ground ma W >0 if 0<90° —— force is adding energy
> to object
~Tension Force: T
I h . W <0 if 0> 90° —— force is reducing
along the string H—I; energy of object
E r
- ma =N -mg "/0:.
~Normal Force: N 5
perpendicular to the support ma = mv2/R W=0if r=0 or F-= U| or |F 1 F|
Work Examples
~Static Friction Force Push on a wall
maximum value Fem = ngN W = O since wall does not move ( r = 0)
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. . . 1 . . . 1
Kinetic Energy: K= 2mu? Kinetic Energy: XK'= —mv?
2 2

Potential Energy:

AU = —-W . Gravitation: U = Mgy

« Elastic (due to spring force): p — lkﬁ
2

U =mgy
A
j\ y U->K
A4 1 3
mg ............ K _2HII Conser‘vation Of
2 Mechanical Energy
Enee =K +U K, +U,=K,+U
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Potential Energy:

AU = —-W . Gravitation: U = Mgy

« Elastic (due to spring force): y — lkf
2

- Ue>K
Block 1 a

.ll . .:I.I:-I:I:.'; U - 0 K = 2:]‘11,‘

Conservation of
Mechanical Energy

Emec:K‘l-U K2+U2:K1+U1
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Examples for Energy Conservation

S 1
Kinetic Energy changes K= Enwa-’-‘
+ Gravitational Potential Energy 7 = mgy
+ . .
Elastic Potential Energy U— % ka?

Total Mechanical Energy = Const.

U= Lka? 1
aEL N ——

k=29 N/cm f K - = mgy - IWfrictionI
T 3S_| \ v may

' R2em | L 1

49 em 18" . (_\. K = —mv?
v 2

Wfriction l'
Ef - Ei = =|Wsriction|=Fird -c0s180 ° =-mg p- d - cos18°
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Linear Momentum

Particle: P — muv
System of Particles: P =m¥smyvs...
Extended objects: P = M9,

Relation to Force: F,,, = ma

P dp - dP
net — F -
dt net d t
Review 3 Andrei Sirenko, NJIT 14

Collision of two particle-like bodies

o,

Bazfiare

L

Q ———— System
{

During

e

Wier

———
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Completely Inelastic Collision
Collisions in 1D

Conservation of Linear Bibiry:. -l =0
Momentum works ! . a
”‘n’| .'rJ.__:
ﬁli =F ﬁmﬁ - ﬁlf -+ ﬁgf Projectile  Target

7
myvy; = (my+my)V il y

m, my + Ma

V = —V4 -

my + 1ms

Example: Two equal objects, one initially at rest
= 2mvy — vy = /2

Final Kinetic Energy = $(2m){v,/2)? H_alf Fhe original
Kinetic Energy
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