Physics 116 Formula Sheet: Final Exam

Vectors and Polar Coordinates

a| = /a2 + a2+ a?
a-b=a.b, +ayb, + ab, a-b=|a||b| cosby
a x b= (ayb, — a,b)i+ (a,;b; — azb,)j + (azb, — a,b, )k
la x b| = |a| |b]| sin

x = rcosf, y =rsinf

Kinematics
v(t) = v(to) + [y a(t)dt'  r(t) =r(te) + [, v(t')dt

v=7F + 00  a=(F—r)t + (rf + 2/0)0

Force Laws

ma=Y) F; Fp=-Fy; F,= ——GNi\glMQ ri2; W= Mg

)
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[rstat < ,LLN, Fkin — NN) Fspr = —k(.?? — xeq)
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Momentum and Center of Mass

particle: p = mv; ‘2—5 =F
system: P = ). m;v;; Cﬁi—fg = > Fox
center of mass: Ry = % > ;mur;, where M =Y. m;
MRem = 3 Foxt

impulse: T = fot Fdt; I=P(t)— P(0)



Energy
work-energy theorem: Wy, = K, — K,, K = ;Mv?
= [7 F(z)dz (1D)- Wio = fer(r) .dr (3D)
potential energy: =— [/ F
mechanical energy conservation: £ = U + K = const
gravity: U(z) = mgz + C (on Earth); U(r) = —24€ 4 C (in general)

spring: U (z) = 3k(z — @eq)? + C; force (in 1D): F = —4¢

Rotational Motion

patticl: L=rxp, 7=rxF, &=r

moment of inertia: I =), mz-pl2 — [ p*dm

rigid body, pure rotation: L, = Iw, =1 ‘fi‘;, K= %IwQ
rigid body, rotation+translation: L, = (R x P), + Iyw,
Mr.,, = Z Fex, — IO dt K = %MV? + %10w2

no—slip condition: V = wR
static equilibrium: > F =0, > 7=0
moments of inertia:
hoop (axis thru c.of m., L to the plane of the hoop) I = M R?
solid disk (axis through c.of m., L to the plane of the disk) I = M R*/2
solid cylinder (axis along the axis of the cylinder) I = M R*/2
uniform stick (axis through c. of m., L to the stick) I = M L?/12
solid sphere (axis through center): I = 2M R*/5
paralel axis theorem: I = Iy + M1?



Oscillators

undamped: z(t) = Acos(wot + ¢p), where wy = \/k/m
damped: f = —bi, x(t) = Ae= /2 cos(wit + ¢p),
where v =b/m, w; = +/wi—~%/4
forced: F = Fycoswt, z(t) = Acos(wt + @),

Fy 1 Yw
where A = =0 — arctan ( )
m [ (wR—w?)2+w?y?’ ¢ w?—w}

Relativity

Lorentz transformations: 2’ = y(z — vt), ' =7(t — 5z),

where v = m

time dilation: T'= ~7; Lorentz contraction: L = [/~

1 141 . ! Ugp—U
velocity addition: wu;, = Tonn)

Doppler effect: vp = VO\EZE’ A=c/v
energy & momentum: E = ymyc®, p =~ymyv, E*= (pc)’+ (moc?)?
photon: F = |ple, E = hv
Fundamental Constants:
speed of light ¢ = 3 x 10® m/sec;
Newton’s gravitational constant Gy = 6.67 x 10~ N-m?/kg?
Planck’s constant: h = 6.63 x 1073* J/Hz
Math

oo 1 d"F(zop)
n=0 n!  da" ($ - 'CEU)

= F(zo) + F'(z0) (x — z0) + 1 F"(20) (z — o) + . ...

n

Taylor expansion: F(z) = >



