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Mathematics Constant acceleration in one dimension:
Quadratic equation: X = X, +Vvt+Lat’

) v=v,+at
ax“+bx+c=0
v =v) +2a(x - x,)

2
= ~bxb” —4ac Projectile motion (@, = -g):
2a
' Vo, = V€080,
Trigonometry: Vo, = Vo sind,
25t rad = 360° x4y =7 X = X+ vt
Y= Yo+ Vol — 381
sinf = y/r ’t
vV, =V, —
r cosO = x/r }2 Zy §
Y tan0 = yix vy =V, —28(y =)
0
X Uniform circular motion:
2
. 2ar 27 1
Vectors: a=> 7= period
r v )
a-b=abcosO
=ab, +ab +ab, Relative Motion
lculus: Ve =V +V )
Calculus #AC Af Be (AB means 4 relative to B, etc.)
J . Vap = ~Vpa
_(tn)=ntn—l fx"dx= X ) .
dt n+l Particle Dynamics
F =ma W =mg weight

Constants and Units

f,= uF, static friction

S N
k=10",n=10"n=10 f. = wF, Kinetic friction

2=9.80 m/s’ ¢ =13.00x10° m/s
- 2 _ 2,2
I'N __1 kg m/s 1= 1Tkgm's Kinetic Energy, Work, and Potential Energy
I1W=11J/s
= L2 ineti
Translational Kinematics K =ymv kinetic energy
W =F-d=F-A%¥ work by constant force
One dimension: AK =K, -K,=W
Ax  x,-x . Ax dx .
Vyy=—""=—" v=Ilim—=— ! :
At 1, -t =0 At dt W = [F(x)dx  work by variable force
Av v, —v, . Av  dv W =-mgAy  work by gravitational force
=————— a= _
YEOAr -t a—0 At dt ,
S F = —kx spring force (Hooke's Law)
Three dimensions: W, =1kx’ - %kx; work by spring force

Xy
AU = -W =—-[F(x)dx  potential energy

A7 -7 dr
=—= Vo=— dU(x
YAt -t 7 F(x)=- d)(c)
AV v, -V,

U(y)=mgy  gravitational PE
U(x)=1kx* spring PE
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E.=K+U mechanical energy

AE .. = AK+AU =W, . work by NC forces

AE .. =AK+AU =0 for conservative forces

dw

=" F-¥  power supplied by force F

Momentum and Collisions

dp

=my F=—
p dt

- . .
Ap=J=[F(t)dt=F,At

- | S
rcom=MiE=lmiri

From = W [7dm continuous body

0o . dP
P=i2=1p.=Mv Fexl=E
Two-body collisions:

Pii+ Dy =Py + Doy
Totally inelastic collision:

_ vy +n,v,,

m, + m,
Elastic collision in 1D with target at rest (v,; = 0):

m —m,

v, =——-2y
1 1
s m +m,

2m,

V,, = V..
2 1
f m+m,

Rotational Kinematics

do v, . .
w =——=—(tangential velocity v,)
dt r
do a, . .
a =——=—(tangential acceleration a,)
dt r
2
v : .
a =—=w’r (radial acceleration a,)
r

Constant angular acceleration o

0=0,+w,t+3at’
W =w,+ot

w’ =w, +2a(0-0,)

Rotational Dynamics

I=Smr rotational inertia

il
I=[r’dm continuous body
I=1,, +Mh® parallel axis theorem
I1=MLI (thin rod, about centre)
I=imr (thin rod, about end)

t=Fr=Fr,=Frsing

Text = Ia

0
K, =3lo’ W = [td6

0;

5 dl : .
U =rp =(mri)w 7 T single particle
dL

L=Iw o T,  rigid body
L = Lf isolated system, Texi = 0

Rolling without slipping:

vcom =R acom =aR magnltude Only
1 2 1 2 1 2
K =ymv, +510" =3mv., (1+ )

1 hollow disc
I=pmR>  B=1% soliddisc
2 solid sphere
Special Relativity
L 1
L=—" At =yAt, Y= —
y ’ 1-(v/c)
Velocity addition:
uw+v

‘= (1+vu’/cz)



