Classical Mechanics

Kinematics:
Linear Motion:

Uniform acceleration:
v=vy+at s= s, -!-vot+§a1:2 v? = vy? + 2als As=§(v0 +

v) As=wvt —%at2

General: :
e 05 S MY o BB awes PEF s 5,
v s e e /_\s—ft‘J vdt Av—fto adt

Circular Motion:
Uniform angular acceleration:

w = wy + at A6=wot+§at2 w? = wy? + 2aAl A9=§(wo+w)
A9=wt——§at2

0=5/r w=vt—;ﬂ o = "tenf,

General
w=2 =22 ¢=22 =22 pg=[Yydt Aw'=ftfadt
dt At t At to to
Centripetal:
2
aw"‘:aczzm%:w;—;:wzr ;
Forces:

Newton’s Laws:

e An object in motion will remain at constant velocity until an external force

acts upon it
e XYFy=ma
e Forevery force, there is an equal and opposite force (Fyp, = —Fpq)

Weight: £, = mg Friction: Fs, = Fyp Wind resistance: Fp = %C‘Apv2 Spring:

P Gmymy . %
Gravitational: Fg = ———Z—=7 Centripetal: F; = -m—v:"_"—“-? = —maw?rf

Energy:
Work: W = f:ofﬁ -ds (generalized) or W = F-Bs (if F=constant)

Ef = E; + Wy (general) or Er = E; = constant (conservative systems) where
E=K+U

*A force is conservative if V X F = 0
Potential Energy:

Gravitational: U; = mgh (near Earth’s surface) or, Us = Gm:mz (general) Spring:
Us = %kxz
*F = _yy=_2U; U, 2U

F=-VU=—-1 ol 3zk
Kinetic Energy:

1 1

Kjin = Emvz Ko = ;Iwz Kiotar = Kiin + Krot
Power:

P= % or,P = -AA—V: P = F - ¥ (constant force) P =7 - @ (constant torque)

Momentum:
Linear Momentum:
p=mv
dp - Ap
z Fext = = (general)or e (constant force)
*if ¥, Foxe = 0 then g is constant, or oy = p;

- tf 3
Ap=]:] = Fdt (general) or ] = FAt (constant force) -
: ke

Angular Momentum:
L=lo=7Xp
dL AL
YTt = = (general) or T (constant force)
*if the sum of the external torques is zero, then angular momentum is conserved

AL = f:of tdt (general) or TAt (constant torque)

Units for Classical Mechanics
Unit Abbreviation quantity | fundamental units
kilogram | kg mass basic
second s time basic
meter m length basic
Newton N force kg*m/sh2
Joule J energy N*m
Watt W power Ifs
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Vectors

Properties of vectors
Given A = (A, Ay, A;)and B = (B,, B, B,),
* cA=(cA,cA, cA,)
e A+B=(A;+B,, A, +B,, A, +B,)

Vv

vy
5] .

Vx

Vo= HV” cos(8) V, = "V” sin(6)

Addition of Vectors

P 8

X

R,=A,+B, R,=A,+B,

IRlI=_[R,? +Ry?.

R
— tan-1{ 8y
@ =tan /Rx

Classical Mechanics

Dot Product

B

A-B= I[ﬁ[”]ﬁ"cos 6) or, givenf_f = (4, 4y, 4;) and B= (Bx, By, B;)
A-B = AyBy + A,B, + A,B,
A-A=Al? |
*note: The dot product picks out the components of two vectors which are parallel
to one another and leaves out the pieces which are perpendicular

Cross Product
||if X E" = ||AlllIB]lsin (8) where the right hand rule may be used to
determine the orientation.
Or, more formally,
L [ k
AXB=det|Ax A, Az
B, By, B;

=(Asz — A;By, AzB, — AyBy, AxBy, — A};Bx)
AXA=0
AxB =—(B x4
*note: the cross product picks out the pieces of each vector which are
perpendicular to one another and discards the parallel components. The resultant
vector is perpendicular to each of the base vectors. ‘
Identities
i-(Bx8)=¢-(@xB)

-

e Ax(FxE)=(4-&F @ B

Portland State

UNIVERSITY

Learning Center 1875 SW Park Avenue, Millar Library, Portland, OR 97201  503.725.4448 www.pdx.edu/tutoring





