95.141 Fall 2009 Final: Formula Sheet

o Trig . b e Integrals
sinfd=— , cosf=—
C C 1
tanezg XndX=—Xn+1+C
C . n+1
a .
0 c®=a’+b? ™ dx :%eax +C
b - dx
. —=Inx+C
e (Quadratic Formula J X
aX2+bX+C:O haSSO|UtI0nS .Sin Xdx =—-cosx+C
X_—bi\/bz—4aC [ cos xdx =sin x+C
2a e Conversions

e Misc. Formulas

U —3,:-3 _
Circumference of a circle: 2ar lliter=1x10"m" , 1ft=0.3048m

1mile=1609m , 1mile per hour =0.447"/
1mm=0.00lm , 1g=0.001kg

4 * Units
Volume of a Sphere: 5721'3 Velocity — %/, =/

Acceleration — 9%/, =/,
Force — Newton (N) ="/,

Area of a Circle: ar?
Surface Area of a Sphere: 4ar°

Volume of a Cylinder: hzr?

e Derivatives

d ) Momentum — k7/
&(X )=nx (n=0) Torque > N-m
i(cos ax)=—asin ax (ax in radians) Angular Momentum — a7/
x SI Units [mass, length, time] =[kg, m, s]
di(sin ax)=acosax (ax in radians) e Constants

A G=6.67x10"
Snn=2 L fe)eaen
dx x  dx g=981
Chain Rule :i(f (g(x))): df (9) dg(x) r~3.1416

ax dg  dx e~2.718

Distributive Rule: 0 ( (x) + g (x)) = 91 X) , 89X)  RadiusEarth =6.4x10° m
d X \assEarth =5.98x10% kg
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e One Dimensional Motion
displacement = Ax

L A XX
average velocity =V = —=
Attt
- AV _v,—v;

average acceleration =a = At

tz - tl
v(t) = % (instantaneous)

dv(t) d2 x( )

(instantaneous)

a(t) =

. Motlon with constant a
(one dimensional)

1
X(t) = X, +V,t +Eat2

v(t)=v,, +at , a(t)=constant

V2 =Vv2 +2a(X—X,)

* Projectile Motion
For motion over level ground :

vZsin(26,)
g
e X-Y Plane Motion (with

constant acceleration)
X(t) =X, +V t+%at’

v (t)=v,+at , a,, t)=a, (constant)
y(t) =y, +V, t+Hat?

v,(t)=v,+at , a,.t)=a, (constant)

e Circular Motion
Arc Length = RA6O

Range =

:d_e , Vi = @R
dt
T:£:2_7z , =2
f o
2
Vv
acentripetal :E = Ra)z

e Dot, Cross Product

A=Ai+AJ+AK
B=B,i+B,j+Bk
AeB = (A&B +AyB +A,B,) =|A|B|cos &

=(AB,—AB,) +(AB,~AB,)j+(AB,—AB,
=|A|Bsin&

* Frictional Forces

I:sfmax = :us I:N ! |:k = :uk I:N ! :us > :uk
e Work and Energy
Work Energy Theorem - W, = AKE

KE=imv® , AKE=KE,-KE,
2

One Dimension, F constant W = FAX

More Generally : W = jﬁo dr

[

Power : P = dd_V;/ (Watts)

1-D:P=Fv
e Potential Energy
UM =U,(x)- [Fax , F(y=-22W
: dx

Gravity of Earth's Surface: U(y) = U, +mgAy
General Expression for Gravitational Potential :

For Springs: U (x) = % kx®
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Conservative Energy Systems
E.. = K+U (constant)

Center of Mass
[MFE +m,F, + m.F,+..m,

r,]

n

CM
total

forlD:x,, =

total

—

I:net = I\/Itotal é:CM
Momentum and Impulse
L
dt
Impulse: J :Ilfdt =F, At = AP
If no external Forces (only internal
Forces) then momentum is conserved.
1-D Elastic Collisions (2masses)
Vy;

—

p=mv |,

-V, =V, —V;; KE, p conserved

Rotational Motion (const. a)
O(t) =0, + o t +%at2

ot) =w, + ot
a(t) = a (constant)

Rotational Motion (general)
T=1_20 kg, =1

f o
|=> mR?=[r?
Parallel Axis Theorem: I, = I, + Mh?
=RFsind=RxF =la

| w?

rot

>im (%T:[%f |

S

[m X, + M, X, + MX, +..m X

Kepler’s 37 Law, Force Grav.
T? 4x°

R® GM

_ —GM M,

ravity 2
gravity r

e Harmonic Motion

| Fekx | U(x):ikx2 , w:\/K
2 m

X(t) = Acos(wt + @)
Damped Harmonic Motion (damp. const. b)
X(t) = Ae " cos(w't + @)
Y=Y o @' ==
Forced Harmonic Motion (Forcing freq. w)
X(t) = A(w)cos(at +¢,) , @, =%

F

F

Alw) = 2
m\/(a)2 )’ + bz“%z
g 2z
e Pendulums o=,>=—"
V4 T
e Waves

A =wavelength distancebetweencrests (fixed t)
T = Period, time betweencrests (fixed x)
Equationfor wavetravellirg in + x direction:
D(x,t) = Asin(kx — at) or Acos(kx — at)
Equationfor wavetravellirg in —x direction:
D(x,t) = Asin(kx+ at) or Acos(kx + at)

1=F

_2r

T=

1_ 2z
f o

- - . T

For Stringswith tensonT:v:\/:

y7]
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