1 in (inch) = 2.54 cm (by definition)
1 foot=121n
3 ft=1yd (yard)
5280 ft=1 mi (mile)
1 mi=1.609 km
I slug = 14.59 kg
1 gal = 3.786 1 (liter)
11=103 m?
Iml=10%=1cm*=1cc
ON EARTH
2.21b (pound) = | kg
note Ib is a unit of WEIGHT, not mass
on earth weight = mg where g = 9.8 m/s*
=32 ft/s?

x =x,+v, cosot y:yo+vasin6t—%gt2

v, =v,cosf v, =v,8in6 - gt

2

—2g(y-y,)=v," -,

Useful Constants
Speed of light
Gravitational Constant

¢=2997x 108 m/s
G =6.673 x 1011 Nm?%/kg?
g =9.80m/s?

Uniform Circular Motion
T = period =2nR/v f = frequency = 1/T
o = angular frequency =2nf
Centripetal acceleration = a = vZ/R

Momentum and Collisions

p=mv  (dcfinition of momentum ) =
J = IF dt ( general definition of impulse)

J =Ap= 2 (impulse-momentum theorem )

J =FAt

{assuming constant net force)

For any system of particles

MYV =mpy, + m,V, + myV, + -

2151 +15; +ﬁ.\"'
=P
P
dt

Conservation of Momentum

If total force 15 zero

P ZB = constant
P.=P;

1D Elastic Collisions

Before After
m, m, ' m,

[R— — p——" —_—
. D
v,

v 1 \! v 1
m, ~ m, 2m,

Y = =W + =,
m, + m, m, - m,

2m,

3 m, - m,
vV, + v,

v, =
(| 3
m o+ m, m, + m,

(center of mass)

. ) i Zmi
O R R ; ,
r_= — = -
my 4 my 2om,
'

F. =Ma_ (body or collection of particles )

Newton' Laws vectons Average Power
Fm :ZF:ma l/':l",i+f"rj+";/" AW AR aw
F..=YF=ma, F, =YF=ma, F, =YF,=ma, |,;| S I e =lm="—==r P=F
Fouatieros =Funaena In 2 dimensions direction of vector is defined Rotational Kinematics
Fiy==Fy, by the angle it makes with the positive x-axis arclength:s = rA@
Forces Contact Forces - A / N
. - V=Vi+V,j and tand=—= — P
weight= F, =mg normal force = F,, 4 = Ar
Tension =T magnitude static friction = F, Scalar Product (Dot Product) _Aa _de _d ‘0
spring force = -kx magnitude kinetic friction = F, AB=AB, + 4,B,+4,B, At dt  dt*
pery - | 4”8 —— v=ro { relation between lincar and angular speed)
Math Notes _ s da L i i
B where e is the angle between vectors 4 and B G = e r P ra i
Todoe Ereche {Bom Ity Constant Angular Acceleration
Surface Area of a sphere with radius R A =4nR* i%B= (4B - Y
axls GR-Ah» =6, + o1 +Llar
Volume of a sphere with radius R V= : R’ +4,B.~AB, ); = . 2
Volume of a cylinder with radius R and heighth  V=rR’h +4,B, AyB,)‘t 0—6,= E( @y + @)1
. . = a1+ Bl=lallBls @ = @, + at
Kinematics |‘4 - l |A||B|sma 2 2 0‘,’, (6-8,)
- - ) > ; & =m, +2a(f—
= A7 — AV where  is the angle between vectors 4 and B, ’
— i —_ - - — - - . -
Vv = At By = Af Motion with Uniform Acceleration Work-Kinetic Energy
= X=X, +V, t+1at ymy, +V, t4aa t T Rt
—— dr dx~ dy~ dzga T TV w7 g% s TR e w=F.d W = Fdcos @
v(it)=—=—i+—j+—k . , (PR
( ar dr o dr’ " dr Y, =V Vo™ Ny s i
dv_dv.~ dv,~ d v, =v, +2a,(x=X,) VY, =V, +23,(y-¥,) =f ek T
—= 1 v_- , A v, » : X
a(t)= e 7‘—1 + TI‘ + Tk Projectile Motion K= my
‘ ‘ ‘ IR r - - - =
c . For an object launched from x,, y, with initial W=y — &5 —AK
onversions A o : 3
Y — Ispeed v and initial angle € relative to the x-axisj fn_e:{gy

K, +U,=K,+U, (if only conservative forces)

K,+U +W_, =K,+U,
U, (3)=mgy (closetoearthy U_, (x)= %h %

_di(x)

= ( force from potential energy. one dimension )
B

F (x)=
Rotational Dynamics
= mr?

{ parallel axis theorem )

= nilria +m,ry e
I =TI +AMK
r=FxF { definition of torque veotor )
|f-|= rF sinl=r F=rF (magnitude of torque)
F, =Ma,,
T,=la,

2

Ko l,-\n;m ta l;_,_(u
2 2
Power =F=r1_m,

r.= jr_-rna:

Ven= R and a_, = Ra (condition for rolling without slipping )

W= J 7.d0 { work done by a torque )

W=r(8,—68)=t.A8 { work done by a constant torque )

, ¢ 1 1 "
W= 1o, do= STen ‘—E.rm,
=
{ angular momentum of a particle )
L=Fxp=Fxmv
(for a rigid body rotating around a symmetry axis )
E=tw

{ for any system of particles )

Conservation of Angular Momentum

If total torque is zero

L= 2, I, = constant

L=I

.y
|



Damped Oscillations

Static Equilibrium Simple Harmonic Motion Gravi(t}ation
SE=0 YE=0 SE=0 F = —ke F,=—42 2 P =—ke—bv=ma,
= ' 2
D =0 about any point f=l r=L = Gmem --kx—b%:mj—’:-
Determination of center of mass: TZ / ol r” i 5
- = = . epler’s Law of periods x(t)=Ae > cos ot +¢)
e mr it > mr, i 2xf T ax? : ( :
mtm, 4. Z’"; x(1) = x_ cos(or +¢) » GM where @ = JL_[L) = Ja’o: _(L)
Young's Modulus k m 2m 2m
. Tensile stress o= [|—
E=a 20 p
Tensile strain | l l
F_pAL E,, ==mv’ +=kx* = —kx,’ = constant
v S 2 B
Shearing Modulus Simple Pendulum
G= bhmr?ng strcf;s o
Shearing strain !
F_oX Physical Pendulum
A L
’m
Bulk Modulus = fgd
SRV S Torsional Pendulum
Volume strain
4 IS
F_phv o=k

A I



