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For motion in one dimension:

Az .
Vav = < Average velocity;
dx .
v = T Instantaneous velocity;

For motion in three dimensions:

. _dr . dv  df - - b - - b
VEE; a:E:@; r(t1)=r0+/0 vdt; V(tl)ZVO—l—/O adt .

For constant acceleration a, if r = ¥y and v = vg at time ¢t = 0, then

<l

(t) = vo + at
T B
r(t) =ro + vot + iat .

For one-dimensional motion with constant acceleration a:

v? =3 + 2a(x — o) .

For circular motion at constant speed v:

where 7 is the radius of the circle, and the acceleration is directed towards the center of
the circle.

If an object has position r and velocity v, its position and velocity relative to an
observer with position ¥y and velocity vy are given respectively by

F/ZF—F(), V/ZV—V().
Average velocity and acceleration are given by

. AR L AV

Vaverage - At 9 aaverage = At .



Mass, Acceleration, and Force:

F = ma (Newton’s second law);

- GMm

F=——{3—7 (the gravitational force between two particles);

r

po_1 Q. . o

= — T (the electrostatic force between two particles);
dmeg T
F, = —kx (Hooke’s law);

where 7 is a unit vector pointing from the particle which is the source of the force,
toward the particle on which the force is acting.

Friction:
Fu N (kinetic friction);

:/’Lk

F, N (static friction).

< ps

Kinetic Energy, Work, and Potential Energy:

Description 1 Dimension 3 Dimensions
Workdoneby_} W = FAx W=F-Ar
a constant force F
Work done b T
O COne By W= [ F(z)de w=[ F.-a
a varying force F )

Potentlal energy Ulz,) = Uy / Fde UGE,) = Us _/ B
derived from force F o i

potential energy dz 9z’ oy 0z

Force derived from dU B { oUu oU oU }




-b = [a]|b]| cos ¥

(SR

(scalar (or dot) product of two vectors);
= azb; + ayby + a.b,

1
E, = §mv2 (kinetic energy of a particle);

(work-energy theorem: always true if Wi includes work

ot — E - E 1 . . . .
Wot ko k, due to all forces; a non-rigid object can do work on itself!);

Eyi +U; + Wother (generalized work-energy theorem: always true if Wogper
=E, ¢+ Uy includes work due to all forces not included in U);
1 (conservation of mechanical energy: true in the absence

—muv? + U(x) = constant

2 of dissipative forces);
1 1, (conservation of mechanical energy for a projectile: true
imv +mgh = §mv0 in the absence of dissipative forces);
1
W = ika (work to compress a spring);
U= ika (potential energy for spring force);
W = mgh (work to lift a body near the surface of the Earth);
. (gravitational potential energy, near the
U'=mgh surface of the Earth);
GMm
U=- (gravitational potential energy, spherical bodies);
r
_ 1 Qq : : -
U= P —— (electrostatic potential energy, spherical charges).
TEY T

Momentum, Center of Mass, and Systems of Particles:

Fap = —Fpa (Newton’s third law);
p=mv (momentum);
dPot (conservation of momentum
=0 .
dt in absence of external force)
F— @ (Newton’s second law in terms of
S dt momentum);
- 1 -

m;r; (position of center of mass);



(velocity of center of mass);

(acceleration of a system of particles);

(momentum of a system of particles);

(K.E. of a system of particles);

(impulse-momentum theorem).



