General Physics |

Mechanics, optics, thermal dynamics, and other basic fundamental

things.
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lL.ecture 1V : Vinal theorem

X
According the mechanical energy conservation J Fx)dx = AE, =T - T,

X0

X
J F(x)dx is the work done on the particle by the impressed force F(x), thus work is equal to the
X

0
change in the kinetic energy of particle.

Hence we can define a function V(x) such that —ﬂ = F(x), then
X

X X
[ F(x)dx = — J dV=T-1T,=— V(x) + V(xy) and find the function V(x) is the potential

X0 X0
himself.

1%

Then we can get the potential(potential energy function) from the force function. —— = F(x)

1k



[.ecture IV : Virial theorem -%-ry

1. Considering a spring with mass M, it force form is F=-kx, show the potential energy
and the velocity.

2. Considering a body with mass M falling from height
H to a spring.




Lecture 1V : line integral
b b
[ F(?)d? = [ (Fydx + Fydy + F dz) = j (Fx"+ Fyy'+ F,2')dt

C is contour of the integral path from initial point a to point b, F; is the

—

component of F r IS position vector. F(t) — i lOf
Example: ,, calculate the work fromt=0tot=1: _ n n
r(t) = ti + ée'j

>

Va\

FGFO) =x(ti—10f=1i —10] FO)=ri+rj=1+¢€

| |
E— A A A A 1
J F(F)d7 = J (ti — 107) - (i + e'f)dt = [ (1 = 10e)d = = = 10e + 10
C 0 0



Lecture 1V : line integral
b b
[ F(?)d? = [ (Fydx + Fydy + F dz) = j (Fx"+ Fyy'+ F,2')dt

S

Examp|e: F(t) = — yf+xyf 7(t) = COS tf + sin tf C
1

X = cost,y = sint




lL.ecture 1V : Center of Mass

The center of mass of a system of particles is the point that
moves as though

(1) all of the system’s mass were concentrated there and
(2) all external forces were applied there.




lL.ecture 1V : Center of Mass

Xc=$zmz’xz‘ Yc=$zmiyz° Zc=$zmizi

A\
°

Fo=Xi+Yj+2Z]

1 1
X =— dem = — deV
M) 4 V

dm M
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This Is the position
L@Cturﬁ IV ) COM vector r.om for the

~ com (it points from
the origin to the com).

Particle




lL.ecture 1V : CoM

Assume the plate's
mass Is concentrated
as a particle at the
plate's center of mass.




Lecture IV : Newton’s second law for a system
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L.ecture 1V : Momentum —_ 7

F=ma =m— = ——
dt dt

The time rate of change of the momentum of a particle is equal to the net
force acting on the particle and is in the direction of that force.

. dP
F=_—_
dt



Lecture IV : The momentum of a system ot

particles
Psystem=?1+?2+?3+?4+“'
=mV,+mV,+mv,+...
— MCOWL V com
P T

dl_ dl_ com com




Lecture IV : Impulse (Integrating the Force.)
dp = F(t)dt

Y if —
JEJ dﬁ’:J' F(t)dt=Ap J =Fangl‘

4) 4)

The impulse In the collision
Is equal to the area under
the curve.

The average force gives
the same area under the

curve.




l.ecture 1V : Conservation of momentum

Suppose that the net external force ?net (and thus the net impulse :J )
acting on a net system of particles 1s zero (the system 1s 1solated) we
yields

d P N
— =0 o P = constant

It no net external force acts on a system of particles, the total linear
momentum P of the system cannot change.



Lecture 1V : Momentum & Kinetic Energy in Gollisions

Considering the kinetic energy of a system of two colliding bodies.

It that total happens to be unchanged by the collision, then the kinetic
energy ot the system 1s conserved (it 1s the same before and after the
collision). Such a collision 1s called an elastic collision.

the kinetic energy of the system 1s not conserved. Such a collision 1s
called an 1nelastic collision.




L.ecture 1V : Inelastic Collision 1n 1D

—

P = constant

Total momentum £ . before the collision = Total momentum £ ; after the collision

mlvlai + mZVZ’i — mlvlf + mz\/zf




L.ecture 1V : Inelastic Collision 1n 1D

The com of the two
bodies Is between
them and moves at a
constant velocity.

Here is the

. . L Here is the
Incoming projectile.

stationary target.

Collision! (@

The com moves at the
same velocity even after
the bodies stick together.




lL.ecture 1V : Elastic Collision in 1D

the total kinetic energy ot the colliding bodies 1s conserved and 1s not
transterred to other forms of energy

Total kinetic energy K . before the collision = Total momentum K ; after the collision

mlvl,l’ + m2V2,i — mlvlf + m2V2f

Here Is the generic setup
for an elastic collision with

a stationary target mpvy ;= myvy r+ Ny, ¢
1 1 1 1
2 2 2 2

—m\vi .+ —m,v5. = —mv; .+ —m,v
2 | 1,l 2 2 2,1 2 1 l,f 2 2 2,f

1 1 1

2 _ 2 2
Emlvl,i = Emlvl,f + Emzvz,f




lL.ecture 1V : Elastic Collision in 1D

the total kinetic energy ot the colliding bodies 1s conserved and 1s not
transterred to other forms of energy

Total kinetic energy K . before the collision = Total momentum K ; after the collision

mlvlai — mlvlf + m2V2JC

Here Is the generic setup
for an elastic collision with
a stationary target.

Before 7127 N

g g% 00 1, 1, 1
%% o2 —NMy Vi . = —NyVy .+ —N,HV

Projectile Target 9) 171, ) 1V1,f o AN

After




lL.ecture 1V : Elastic Collision in 1D

the total kinetic energy ot the colliding bodies 1s conserved and 1s not
transterred to other forms of energy

Total kinetic energy K . before the collision = Total momentum K ; after the collision

mlvlai — mlvlf + m2V2JC

Here Is the generic setup
for an elastic collision with

a stationary target. ml (Vl,i — Vl f) — m2V2 f
1 1 1
2 2 2
—myVy . = —mVy , + —m-v
2 1 l,l 2 1 l,f 2 2 2,f




lL.ecture 1V : Elastic Collision in 1D

the total kinetic energy ot the colliding bodies 1s conserved and 1s not
transterred to other forms of energy

Total kinetic energy K . before the collision = Total momentum K ; after the collision

mlvlai — mlvlf + m2V2JC

Here Is the generic setup
for an elastic collision with

‘ a stationary target. A (Vl i — Vi f) — NMHV, f
Before 7127 N ’

g g% 00 1, 1, 1
%% o2 —NMy Vi . = —NyVy .+ —N,HV
Projectile Target 9) 171, ) 1V1,f o AN
, 2 2 2
After ' ' My — MVyp = MV,

ml(vl,i — Vl,f)(vl,i + Vl,f) — mzvzz,f




lL.ecture 1V : Elastic Collision in 1D

Total kinetic energy K before the collision = Total momentum K after the collision

mvy; + myVy ; = myv, f + MV, f

Here is the generic setup ml(vl,i I Vlf) — = mZ(VZ,i I V2f)

for an elastic collision with

a moving target. 1 5 1 5 1 5 1 5
Emlvl,i T 5m2v2,i = Emlvl,f + 5m2v2,f

my(vy; — v+ Vg

= —1my(Vy; =V )V V) ¢)



lL.ecture 1V : Elastic Collision in 1D

Total kinetic energy K before the collision = Total momentum K after the collision

my(vy; = vip) = —my(vy; =V ¢)
my(vy; — v W+ vyp)
Here I1s the generic setup = —my(vy; — Vo ) (Vp; + Vo p)
for an elastic collision with
a moving target. m, — m, 2m,
Vig= Vi T Vo i
Iy + (%) 3 + Iy
- My —my 2m,
Vo = Vo T Vi,



l.ecture 1V : Elastic Collision 1n 2D

Total kinetic energy K . before the collision = Total momentum K ; after the collision

mlvl,i + m2V2’i — mlvlf + m2V2JC

X-axis m1V1 i - mIVIfCOS 91 -+ mzvsz()S 92

A glancing collision

that conserves | Y-axis O —_— m1V1 f Sin 01 + m2V2f Sin 92

both momentum and
kinetic energy.

O O S

— 2
Emlvl,i + Emzvz’i — Emlvl’f + Emzvz’f
| | |
2 2 2
Emlvl,i — Emlvl,f + Emzvz’f



