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Formula Sheet

October 20, 2005

Kinematics
A7
AF =7 -7 Tavg = 77
0 avg At
L dr
U= —
dt

. AV
fGavs = 7
. dv  d*F
aQa=— = —:
dt  de?

distance travelled

average speed =

in Cartesian components (3-D):
7= ai+yj+ 2k
@i+ 97 + 2k

0l

a=ii+ i)+ ik

Angular Kinematics

Af

A =0— ave — A,
0=0—10, wavg = 37
_

YT

At

in plane polar components (2-D):

r=rr
¥ =7+ rf
i= f—réQ)f+(r9'+2f~9‘)é

Aw

Qave = Ay
&
Codt de?

1-D motion (z or #) with constant acceleration (a or «)

v =19+ at
T = z0 + Vot + 3at?
v? —vE = 2a(z — x0)

v+ Vg
Vavg = 9

Uniform Circular Motion

Relative Velocity

w=uwy+at
0 = 6y +wot + sat?
w? —wi = 2a(0 — )

w + wo
Wavg = B

U(C relative to A) = U(C relative to B) T U(B relative to A)

U(B relative to A) = ~U(A relative to B)
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Simple Harmonic Motion
The differential equation
d2x(t)
de?
represents a simple harmonic oscillator, and has solutions of the form

+ W()Qaj(t) =0

z(t) = Acos(wot + ¢)

where:
wp is the angular frequency.
A and ¢ are arbitrary constants that depend on the initial conditions.

1
= T = ;U—O (relation between frequency, period, and angular frequency)
0
wo =1/ — (angular frequency of a simple mass-spring oscillator)
m

Dynamics

Z F =mad (Newton’s 2nd Law for a single particle)

G
Fo = m;mg (gravitational force of attraction between two particles)
T

Fg=mg (gravitational force on a mass m near the surface of the Earth)

f =N (kinetic friction)

f<usN (static friction)

F=—kx (Hooke’s Law: linear restoring force)
Math Corner
“Dot” Notation

- df
I="a
Vectors
ff’ g = ‘/T‘ ‘é‘ COSQAjB = ABH to A — A” to BB
/YX E = ‘E‘ ’é SineA,B :ABJ_tOA:AJ_tOBB

. in Cartesian components

A= Ayi+ Ayj+ Ak

’E‘ = A2+ A2 4 A2

A+ B = (A, + By)i+ (Ay + By)j+ (A, + B.)k
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A-B=A,B, + A,B, + A.B,

I A
AxB=|A, A, A.|=1(A,B. - A.B,) —j(AB. — A.B,) + k (A, B, — A,B,)
B, B, B.

Coordinate Conversion

x =rcosb r =22+ y>? 7 =1cosf + jsin6
y =rsind 9:arctan(g> 9:—isin«9+j0059
T

Geometry

A sphere of radius R has volume %WRS and surface area 4w R2.

A cylinder of radius R and height h has volume 7R?h and surface area 2mRh + 2w R? (the first term is the area
around the side, the second term is the area of the top and bottom).

Trigonometry
sin? 0 4 cos? 0 = 1 sin® 0 = § — 1 cos(20) sin45° = cos45° = %
sin(f + ¢) = sin 6 cos ¢ + cos O sin ¢ cos® 0 = % + L cos(20) sin 30° = cos 60° = &
cos(0 + ¢) = cosf cos ¢ — sin O sin ¢ sin(260) = 2sinf cos ¢ sin 60° = cos 30° = ?

Quadratic Formula

—b+ Vb? — 4ac
2a ’

If ax? + bx + ¢ = 0 then x =
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