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Physics Formulas
Physics 4A - Mehmet Artun

Differential Equations
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1-D Constant Acceleration
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2-D Constant Acceleration
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Relative Motion
Vos/a =Vo/B+VB/a
VB/Aa=—Va/B

Circular Motion with a constant radius
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rections respectively

lrev = 2w rads

17 the characteristic time and b the proportionality constant.

2D a dimensionless constant, p the density of the medium in which the object is travelling, A the surface area of the object seen from the

direction of travel

Friction forces

Fstatic < :U/statiCFNormal
Fkinetic = ,UfkineticFNormal

Newton’s Laws (inertial frame)

Zf‘:mé’
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Resistance proportional to v (in oil/water)?

—

R = —bV resistive force

™mg terminal velocity
b in free fall

v(t) = vy (1 - eft/'r) with 7 =

v =

m
b

Resistance proportional to v? (air)?

= 1
‘R‘ i.DpA’U2 resistive force

o — 2mg terminal velocity
T DpA in free fall
Quadratic formula

If 0=az®+bx+c
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Then x =
Energy and Work
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Ugravity = mgy and Uspring = §kx2
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K = imv = AK = imv]% — imvi
Weons = AU + AK
Whon-cons = AFin e.g. friction pgpFyAz
Alasystem =AK + AU + AEint

AFEgystem = 0 only for isolated systems

Power
P = dE =F.v= Fvcosf
de
AFE = /Pdt

Poutput = NPnput with 1 = efficiency
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Linear Momentum

p=mv
. dp
D F=—

N isolated system
APiot =0

no ext. forces
Ap=T= [ S Far—F.ae

Center of Mass

J
. 1 =
acm = 37 Ej Fext j

Rocket Propulsion. M: rocket mass including fuel. v.: speed

J
. 1 . 1 .
VoM = M Ej p; = Mptot

of ejected mass velocity relative to rocket.

_ L dM _, dm,
Fthrust = VEE = —Ve dt
dme, o
> () mass ejection rate
dt
m (2} o fmite b
Vf —V; = Vel | —— it
I i e M, or finite burn
M; — Mf

Favg. thrust = Ve
thurn

Kinematic Equations for Rotation with constant «
de d2e
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wr=w; +at
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Wavg = 5 (w; + wy)
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Newton’s equations for rigid bodies around a fixed axis
d #=1Ia
7=FxF = Frsin6
Iw? mV:/TM
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P=7 -w= Twcosl

= I:/r2dm:/r2p(r)dV
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Parallel axis theorem.

I = md? + Ieng d: distance of rot. axis from CM.

Icyvi: Mom.  of inertia around

CM.

Rolling Motion for an object mass m and radius R. CM is

center of mass.

vem = wR and acy = aR

1
Kirans. = imU%M and Ko = §ICMW2

Kiotal = Kirans. + Ko, and Ug = mgycm

Angular Momentum

wnl}

=rxp = Ltotal:§ r; X p;
J

Z'cht = %
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L =14 for rigid bodies

= if Zi"ext:O then I_:l-:I_;f

Vectors

A-B= ‘A‘ ‘]:3;‘0089 = A,B, + AyB, + A.B.

A,B. — A.B,

AxB=|A,B, - A,B.
A.B, — A,B,

AxB=-BxA and A-B=B-A

Static Equilibrium

Z?:o and Zﬁ:o

Universal Gravitation where a is the semi-major axis of the el-
liptic orbit with 2a = ryin 4+ Pmax. G = 6.67 x 10~ kg mQ/sz7
Rp =6380km, Mg = 5.97 x 10%* kg.

F\ _ _Gm1m2 - _ GMEarth
! r? I RIZEarth
Gmimg GMEgmgay
Uy=———" = Ujy=——7""—
g r g RE + hsat
1 5, GMm For asmall object m
E=_—mv® -
2 T with M >m
> GM,ms For satellites in elliptic orbit only
B 2a with Mplanct > Mgat
B GM,m, For satellites in circular orbit r

a 2r with Mplanet > Mgat

2GM
Vescape = \/j for planet mass M, radius R

T2 _ <47r2 ) o where M is the much larger ob-

GM ject. a = r for circular orbits.



