Physics 2425 - Formula List

m 1D Kinematics
General 1D Motion: x as a function of ¢

T/=%.v=g, DV.a:%—V
Dt at Dt at

Constant Vel.: xHL= x5 +vi = Ax=v¢

Constant Acceleration:

vI-tIL:v0+at and xI-tIL:x0+v0t+%at2

v=vytat Ax:%|v0+vlw

Ax:v0t+lat2 v2—v8=2a Ax
2

Free Fall: x > y HisupLand a = —g
m General Vectors
ﬁ\: Axs\(-l'AyS\/: %X, Ay]

Mag. & Dir. angle= Components
Ax =Acosf and Ay = Asinf.

Components = Mag. & Dir.angle

A= [AG+AS

1Ay
tan” ‘| —| when Ax >0
Ax

g =:

' A
180 ° + tan™ ! (_y) when Ay <0
Ax



m 2D Kinematics

General 2D Motion:
as a function of ¢
O_pt O_at

Dt ’ at
a=DV &

Dt at '
Ave. Speed = Total Dls.tance

Total Time

Constant Acceleration:
VL= \36 +at

1

=0 +Q1+ Eaﬂ

m Projectiles
Horizontal Motion:
ayx =0 = vy is const.

Vertical Motion: ay=-g
Vox = Vo €os 6 and Yoy = Vo sin 6.

2
R= \% sink 6L, (R = Ax when Ay = 0)

Relative Motion: v = vE+ \%
= Newton's Laws
First Law: v is const., unless net force.

Second Law: Fior =mad

Third Law: F12 = —le

Weight o« Mass: W=mg

m Friction between surfaces

fs =< usN (static)  fi = u N (Kinetic)
m Circular Motion

V2

T
Also v:zgzaC:J%Eﬁr

Uniform Circular Motion: ac¢ =



V2 3
’at:_

Gen. Circular Motion: a¢ = r

m Accelerated Frames
accelerated frame — false force opposite acc.

8art = —a (artificial gravity)

m Dot or Scalar Product

A'B=ABcosf where A = A)2(+A)2,+A%

Z'E = AxBx+AyBy+AzBZ

= Work W=(F!dr

W = F Ax (const. force in 1D)

W=F!A F (const. force in 2D or 3D)
Weray = —mgAy (work done by gravity)

W =M FHLdx (variable force in 1D)

m Work-Energy Theorem Wyt = AKjot

Whet (net work). K = % mv? (kinetic energy)

F is cons. &= W = Uﬁ!d% is indep. of path.

cons. forces = AU = =W (U is pot. energy)
Wi is work of all noncons. forces.

gmech — Kiot + Uor (total mechanical energy)

Wl’lC = AEmGCh = AKIOI + AUtOt
Wpe =0 = Ej=E¢, where E=FE

mech
U=mgy for gravity

Whe = 0, one mass, gravity is only cons. force

_ 2 — 1,2
= Epotiom = Etop = Visottom = Viop t 281
Power: | = 2% =F'g

at



Springs and Hooke's Law
F = —kx (Hooke's Law)

W=-2k2? -0 and U=1ki?
2 2

= Potential Energy = Force
ID:F=-2y
ax

! ! !
SD:FX:_GUaFy:_WU,Fz:—EU

= Momentum and
Impulse-Momentum Theorem

- Ot .
p= mv (mom.) [ = Uquclt (impulse)

= O N D C
FnetA’:Inet:AP:ml‘(’)f _‘C’i)l\

m Second Law for a Particle and System

~
—_

particle: Fpei=mad  Fpet = % P

=ext

Bext -
M acm Fnet =

system: Fpo =

o

’ Ptot

n

M:m1+m2+...

}%mzﬁhhlrol+m292+L

Xem = ﬁ b x; +my x5 +..L (alsoyand z)
- V) ) V)
Piot =M V] +tmpy vy +...= M vey

m Conservation of Momentum

=ext — N N

Fret =0 = APt =0 = Piotji = Prot.f
ext

Fretx = 0 = Apyorx=0

= Ptot,i,x = Ptot,f x
m Collisions
Ptot,i = Prot,f =
(N v ) U
MyV]j+myVyj=myVvy§+myvy¢

Totally Inelastic < ‘\}11 £ = \L/éf = \k/l f



= my V]| +myVy = by +myLvg
Elastic & KtOt,i = KtOt,f
Trick for 1D Elastic:

Kioti = Kiot.f = ViitVif="i+tvat

m General Rotations about fixed axis:

Dt at Dt at

m Constant Angular Accelation
w=wyt+at AQ:%Iw+w0M
AQ:w0t+%at2 W? - w} =204
m Rotational and Linear Quantities
Y=rwit or vi=rw, ve=0

2 2

a=ralt+w“r Ugor at=ra, ag=w-r

=0 w:const:;_lf—)

= Moment of Inertia
I for a distribution - ris; dist. from axis

Discrete: I =& mj ri2 Cont: I =Ur:dm
Perpendicular-axis Theorem:

for a planar object in xy-plane: Iz = Ix + Iy
Parallel-axis Theorem: [ = Iy + M D?
Moments for uniform bodies:

Thin rod about | axis

throughend: 1= % ML?
through center: [ = 11—2 M L?

a x b rectangular plate about | axis

through center [ = é M 1d? + b2)



Sphere about axis through center

thin shelled hollow: I = % M R2
solid: [ = % M R2

Hoop about | axis through center: I = M R?
(same as thin-shelled hollow cylinder)

Disk about | axis through center: I = % M R?
(same as solid cylinder)

= Rotational Energy

K= %Iwz, U=Mgyem

_ 1 2 1 2
Kiotal = 5 Iem w” + 5 Mgy,

m Cross or Vector Product
AxB = %1Ay B;—Az By}
+ yH; By —Ay Byl+ Z 1Ay By —Ay By)

AxB=ABsinf i, getii by right hand rule

= Torque
About Origin: P=F

About Axis: T=rF1 =r F =rFsin6
T :’%meg

Torque of Gravity: Tgp,yiry

= Angular Momentum of Particle
About Origin: L = ;(f)xﬁ

About Axis: L=rpi =r p =rpsinf
m General Rigid Body Dynamics
2nd Law: tper =1 @ and Tper = éé—lt‘

Angular Momentum: L =1 w



m System of Particles 7
Qxt

Tt =0 = Aztot =0 (Conservation)

— —

a Equilibium  Foe =0 and S =0
= Newton's Law of Gravity

Magnitude: F =G m12rr12
;

N m ~
Vector: Fyr1 =-G 12m2 12
M2

Discrete Distribution: F = -Gm3a i

3

Continuous Distribution: F = —G ma Lz dm
r

Sph. Shell: F = G MM bt > RLF =0 H < RL
r

M
R?

m Gravitational Potential Energy

g=G (at surface of spherical planet)

Between 2 masses: U = -G @

LRI
Several masses: U =-G U

i<j Tij
Escape speed: vegc = %

m Circular Orbits

2

2=GM and 72=20,3
r GM

52

asx _ _ 2
&t2

= Simple Harmonic Motion w* x

Vo .
xI-zIL:AcosI-d)t+¢L:xocoswt+Wo sinwt



w:27rf:2—_|_9

= Energy
% k A2
E=Lm?2+ 2= (mass/spring)
2 2 1
5 ™M Vmax

v==twy A2 -2 and Vmax = w A (in general)

s Examples of SHM

|k
Mass/Spring: w = / -
. mgd
Physical Pendulum: w = -
Simple Pendulum: w = [ L

. | _ 1 1“
m 1D Wave Equation 2 u= 212 u
(General Solution) ul, L= fH —viL+gH +vil

m Harmonic Waves uH,tL=AsinHtxzwr+¢L
=2p W A=W
A f 2 v=1f2A

«

k'’ k
m Waves on a String uH, L= yH, L

Speed: v=_| rIn where 7' = Tension

Power: | = %yAz w?v
m Temperature
Tg = 3 Tc+32,ATf = 2 AT¢, Ty = T +273

AL=aLyAT, AV =BVyAT, B =3« (for solid)



m Heat Q = Heatadded to system

Q =mcAT (Temp. change)

Q =+mL (phase change)

m |ldeal GasLaw PV =NkT and PV=nRT
n =+#of moles, N = Npn =# of molecules

= Work
W =P dV = Work done by system = + Area
Constant P: W =PAV,

\%
Ideal gas at constant 7: W =nRT In Vf
i

m First Law AU=Q-W
dU=dQ-dW H isinexact differentiall
aQ aQ

Entr = — AS =35 =—
= Entropy dS==7 = AS=3 =

T

Const. T: AS = $ Changing T: AS=mclIn ?f
i

= Second Law

For a thermally isolated system: ASiy; =0

= Heat Engines
O =0c+W
On = Input Heat Hrom hotreservoir at 7L

Oc = Expelled Heat Ito cold reservoir at 7}
W = Work done by engine

Efficiency: e = W —1_ 2C
QH QH
: - Tc
Maximum Efficiency: emax =1 — =
H

Carnot Engine is H.E. of max. efficiency



