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Oscillations:

Exam 2 Formula Sheet
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Things you know but can’t quite remember:

—b+Vb? — dac

4
g =9.81m/s? sphere V = g?ﬂ"g ar’ + b tec=0= 2= %

sin (0 + ¢) = sinf cos p £ cosfsing cos (0 + ¢) = cos B cos p F sin @ sin ¢
2cosfcosp = cos (0 + ¢) + cos (0 — @) 2sinfsinp = cos (6 — ) — cos (0 + ¢)
2sinf cosp = sin (0 + ¢) + sin (6 — @) & =a® +b* —2abcos by

0 0 — 0 0 —
cos + cos p = 2cos (?) cos (SO> cosf — cos p = 2sin (—;@) sin <2<’0>
0+ 1 1
sin @ + sin ¢ = 2sin (2('0) cos () cos? 0 = 5(1 + cos 20) sin?f = 5(1 — cos 20)
i0 . Lo —io : Lo o —io
e =cosf+isind cos¢9:§(e +e ) 51n9:§(e —e ")

Those other ones:

1 1 sinh z
coshz = —(e* + e %) = cosiz sinhz = —(e® —e™%) =siniz tanh z = cosh? z —sinh? z = 1
2 2 cosh z
“What will this ever be good for:”
d . d . d . d .
— sinax = acosaxr — cosar = —asinaxr — sinh ax = a cosh ax — cosh ax = asinh ax
dzx dzx dxr dxr
2 d 2 d . d )
— tan z = sec” z — tanh z = sech” z — sinh z = cosh z — cosh z = sinh z
dx dzx dz dz

d d
/udv:uv—/vdu /71: = arctan / I = arctanh x
1+ 22 1— 22

dz dz
———— = arcsinz ——— = arcsinhz tan(z) de = —Incosx tanh z dr = Incosh z
V1—2? V1+a? / /

dx T T dx 1 dx T dx
/a:—i—xz n<1+x) _/1—|—a;2 2n( + %) / — arccosh x T Vi+zx

= arccos (1/7) \/\/15de = arcsin (vz) — /z(1 — ) / 1 +dx1;)3/2 = 1 +£;2)1/2

dx
x

o=
/ln(m)da::xln(x)—x —lngo

Arrows:

F,
|F| = /F2 + F? magnitude 0 = tan™* {Fy} direction a-b=agb, +ayb, +a.b, = |a||b|cosf

x

X vy z
axb=det |a; ay a,| = (ayb. —a.by)X+ (a.b, —a,b.)y + (ab, — ayb,) z
by by b

Almost, r <1

F(2) = Fla) + F/(@)(z — @) + o f"(@)(z — @) + g (s — ) + ..

. 1 1
3 sinz ~z — —a° cosz~1— =gz

(1+2)"~1+ +1 (n+1)2” t +1
R = ne =
T nz + 5n(n T ML RTF T 3 5

x 1 2 1 3 2
e'~l+z+—z“+—2x In (1 =+ Z) Nz— =z should your calculator be in degrees or radians? ...just saying.
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Revenge of the Arrows:

YF =F, i = ma YF, = ma, YFy = may, etc.  Fgay = mg = weight Fio = —Fo

dp __ A(mv) mov?

=~ AL direction ... fs < psn fr = pgn F.= - r
r =m(f—r
F =mi = (F, =mj (Cartesian r,y,2) = 4 (2D polar r, ¢)
) F, =m(rg+2r¢)
F, =mz

Flg—k 7" I‘12—QQE1 rio=r1 —I9 FB:(]VXB F:q(E+VXB)
12

The Arrows Strike Back:

A (BxC)=B:(CxA)=C-(AxB) Ax(BxC)=B(A C)-C(A B)
<9 5O, ;0f LOF  s10f 1 of

Vf= E ay 82 Cartesian Vf= 8— + 67% cprsinﬁ% Spherical
OF, OF, . (0F, OF, . (OF, OF, )
VXF_X(@y 3z>+y<8z 8x)+z(8z 8y> Cartesian
.1 0 OFy N 1 0F, 190 1]o oF, )
V xF = S {69(1:‘ sinf) — &p] 0 {rsin@ o, ror (TF¢):| + e {6 (rFp) — 50 } Spherical

Blowback:
F(v) = fin + fquad Slin = bv fquad = cv? separate and integrate

Space Oddity:

dx d?z  di
=1 —=— =17 MO = —1MUex + F&

a -t aE T

Centering and Rotation:

1 & miry + -+ mpyr al al :
R:MZmara: 11 M NN 1:I'><p L:Zla:ZraXpa L:FeXt

a=1 a=1 a=1
Work, meh:

2 r
AT:TQ—le/F-dI'EW<1—>2) U(r) = W(ro—>r)——/F(r’)-dr’ F=-VU
1 r,

central force: F = f(r) central force is spherically symmetric [f(r)={(r)] if and only if conservative

Interacting is difficult (conservative forces):

U=U"4 U=t = Z Z Uap + Z Ut (net force on o) = =V, U

a f>a
Wiggling:

2

1
Fz—kx(z)Uziij i = —w’r <= x(t) = Acos (wt — 9)

i+ 2B% + wlr = 0 <= z(t) = Ae P cos (wit — ) B=b/2m w,= =Vw2 -5 (B<w,)
2
driven A? = j;o 0 = arctan < 226(,0 2)
(o — w)? + 42 -



Basic physics you should really know at this

point, so I am printing it super small.

1-D motion:

v(t) =

U(i):-/(:(ldt

1
of =@ +vgit + ant

d
a(t) = —
dt

z(t):/otvdt

d a2
—a(t) v(t) = ——a(t)
dt dt2

const. acc.

2

vl =2 + 20580

vp = Vg + at

Projectile mot

v

max hei

Ra

2-D motion:

ion:

2(£) =vjcos6  vy(t) = v;sin — gt

2(t) = @; + vt

over level ground:

2 in2
w2 sin? 9,
ght = H= -t '

29
2 .

v? sin 26,

nge =R =+~
g

r=a)i+y)]
1 2
z(t) = x; +vigpt + ;azt
12
y(t) = y; + vyt + ant
v =z () i+ vy ()3
dx
v (t) = =wvg; +agt
dt
0 =2
vy (t) = = v, + ayt
Y n yi Y
a=ag(t)i+ay(t)s
dvug duy
ag(t) = ay(t) = —2%
dt dt
v?2 27y
ac = T = cire.
r v
Force:
SF = Fpep = ma SFy = mag SFy = may
Fgray = mg = weight
Fi2 = -F2
dp A(mv
F=—=x g direction ...
dt At
fs < psn fie = ppn
777.1/2
Fe=— #
s
Work-Energy:
p2
K= -—mv® = —
2m
AK =K;—K; =W
au
W = /F(z)d: = AU F =—— in equil
dx
1, 2
Ug(y) = mgy Us(x) = ;kr
K,L+U,i=Kf+Uf+Wext=Kf+Uf+/Fextdm

1
2
y(t) = y; + vyt + Sovt

F =0

Rotation:

we use radians
s = 6r < arclength
do v dw  d26
W= — = — a= — =
dt ” dt dt2
172 2
ay = ar tangential ap = = w?r radial
s

2
Iz = Icom + md

I = Zmlr? = /7‘2 dm = kmr2
k3

axis z parallel, dist d

dL
Tmet =37 =T = —
net = =
T=rxF |v|=rFsinf.p
L=rxp=Ilw L;=Lg
1
K= —Iw? =1%/21
2
1.2 1 9
AK = —Tw} — —Iw} =W=/7d9
2 2
dW
P=— =71w
dt
Gravitation:
e Gmyma vy
12 = —— 5 f12 = —
r2 dr
GMe
g=
2
RS

Ug(r) = —/F(r) dr =

K+Ug >0

Eorbit =

dA

— = —rfw=—

dt

Oscillations:

x(t)

GMm
r

K +Ug <0 bound

2
ar
T2 = [ 2.3
GM

elliptical; a — r for circular

escape
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2 2m
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2a

27 1
Z =2nf T = _
T f
Tm cos (wt + @)

d2z

dt2
\/k/m spring

1
— “ka?
2

2

= —w ez

for SHM

au
F=—— = ma

dx
27\/I/k
27/L/g simple pendulum

27+\/I/mgdcm

torsion pendulum

physical pendulum



