PHY 141

Equation Sheet

The momentum principle:

o ap
Fnet:E
P mv
2

-2

ﬁnew = ﬁold + FnetAt

- - 1 ﬁ
Thew = Yold T —Z(E)At
1+(L)
mc

Equations of motion in 1D for constant acceleration and low velocities (v << ¢):

1
x(t) = xo +vot + Eat:2

dx(t)
v(t) = =vgtat
(=" =vy
dv(t)
a(t) = = a = constant
(t)=—
Requirement for uniform circular motion:
2
mv
Fo=—
Rotational motion:
d=0r
dae

Gravitational force:

F=cll%2;
r
F= mg (close to the surface of the Earth)

(10)

(11)

(12)
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PHY 141 Equation Sheet

Electrostatic force:

= 1 19>,
F=- —_— 15
ey 12 (15)
Harmonic motion:
F =—kx (16)
k
X(t) = XmaxCos (wt + ¢) where w = [/— (17)
m
2
y s (18)
W
Damped harmonic motion:
: k
x(t) :xme_%elt‘/; (19)
Driven harmonic motion:
X(t) = — *—cos (wt + ) (20)
= cos (w
o2 — w2
Stress and strain:
F AL
vy 21
k
y=-=2 22
) (22)
Work done by a force:
w =F.d constant force
> (23)
= fr:lz F.d7 variable force
Power:
aw -
Work-energy theorem:
AEsysl‘em =W (25)
Esystem = (E1 + Ep +E3+....)+ U (26)
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PHY 141 Equation Sheet

Relativistic energy relations:

E= =mc*+K (27)
v2
e
2
E?- (pc)2 = (mcz) (28)
2
1
K=—"_ _me® > Zmo? (29)
2 v 2
e
Potential energy:
AU = —Winternal :_jp'd? (30)
_9u
X
F=_VUu-= —‘g—U (31)
y
_u
Jz
mym
Ugmvity =-G 17’ 2 (32)
Ugmvity = mgh (33)
L q19;
Uelectric = FSO% (34)
L,
Uspring = Ekx (35)
Heat capacity:
AEihermar = mCAT (36)
Friction forces:
fe<pusN (37)
Je=mN (38)
Drag force (air):
= 1 2 A
F,ir = —ECpAv v (39)
Energy levels for the Hydrogen atom:
-13.6
En = N2 eV,N=1,23,.. (40)
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Equation Sheet

Vibrational energy levels:

[k
Ey = Eo+ Nhwy=Eg + Nfiy[-*, N =0,1,2,..

Energy and wavelength of light:

hc

Epnoton =
P Might

Center of mass:

2im;

. _f?dm_ 1 (.
rcm—w—m—ﬁjrdm

N

- _Zimiri _ 1 -

Tem = —M : m;t;
i

Motion of the center of mass:

> -
Macm = Fnet,ext

Gravitational potential energy of a multi-particle system:

U=MgVcm

Kinetic energy of a multi-particle system:

1
K = Kirans + Krel = EMvcmZ + Kiel

7= f Fai

Impulse of a force:

Momentum and impulse:

—y
I
3
|
=y

Conservation of linear momentum:

— —
Apsystem + Apsurroundings =0

Elastic collision in one dimension (mass 2 at rest before the collision):

Vorr = v
2f my +mp !

- 21’1’11 -
2f my +mp !

(41)

(42)

(43)

(44)
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Equation Sheet

Completely inelastic collision in one dimension (mass 2 at rest before the collision):

pe=—_M
f my +mp !

Moment of inertia for a discreet mass distribution:

I= E miriz
i

Moment of inertia for a discreet mass distribution:

I :f r2dm
Volume

Kinetic energy of a rotating rigid object:

1
K =-lw?
2
Torque:
T =7xF

Newton’s “second” law for rotational motion:

T=Id
Angular momentum of a single particle:

—

L=7xp

Angular momentum of a rotating rigid object:

L=1a
The angular momentum principle:
dﬁ — = —_—
E = (1’ XF)net, ext = T net, ext
Number of micro states:
_(g+N-2)!
/(N -2)!
Definition of entropy S:
S =klnQ)
Definition of temperature T:
1 ds
T dEp

(55)

(64)
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Equation Sheet

The Boltzmann distribution:

P(AE) o e—AE/kT

The Maxwell-Boltzmann velocity distribution:

3
Pw) = dn g et T

2rtkT

\/: 3kT
Vrms = YV° = 7

Average translational kinetic energy of an ideal gas:

Root-mean-square speed:

- 3
Kirans = EkT
Mean-free path d:
N 2
V[T((R+T) d] ~2
Number of gas molecules hitting an area A per second:

1N
lecul =——Av
molecules/s iV v

Ideal gas law:

pV = NkT
Work done by a gas:
Va
W = pdV
Vi

First law of thermodynamics:

AEsystem =W+Q

Isothermal compression:

Vi
W =NkTIn|—
n(Vz)

Adiabatic compression:

pV? =pVS/Cv = constant

(66)

(67)

(70)

(71)

(72)

(73)

(74)

(75)
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PHY 141 Equation Sheet
Heat capacity C defined:
AQ = CAT (76)
Heat capacities per molecule for ideal monatomic gasses:
3
=—k 77
Cy =3 (77)
Heat capacities per molecule for ideal non-monatomic gasses:
3
Cy>= 78
= (78)
Relation between C, and Cy:
C,=Cy+k (79)
Rate of thermal energy transfer:
dQ Ty-Tp
X _GA
Frntd I (80)
Efficiency of a heat engine:
. Wi Ty
efficiency = — =2 - — 81
Y= on T (81)
Quality factor of a heat pump:
1Qc|
K==t (82)
W]

Important additional information:

Best baseball team in the USA:
Yankees

Best soccer team in the world:
AJAX

Best airline in the world:

KLM (Koninklijke Luchtvaart Maatschappij = Royal Dutch Airlines)

If in doubt, the correct answer may be:
Yankees, AJAX, the Netherlands, or KLM.
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PHY 141 Equation Sheet

Elementary
Pgrtihcles
u] cltll

charm §  top
d] slb

down | strange! bottom I} olt

Leptons Quarks
" Force Carriers

| Il ]
Three Families of Matter
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Equation Sheet

matter constituents
FERMIONS spin = 1/2, 3/2, 5/2, ...
Leptons spin =1/2 Quarks spin =1/2

Mass  Electric APRIOX.

Flavor Mass Electric

Flavor

GeV/c2 charge Gev/c2 Charge

v, electron | <q,10-8 U up
neutrino

€ electron |0.000511 d down

all=h] <0.0002 C charm
M neutrino

J4 muon 0.106 S strange

tau <0.02
7T neutrino t bt

T tau 1.7771 b bottom

: :
BOSONS in-o.1.2. ..

Unified Electroweak spin =1 Strong (color) spin =1

Mass Electric Nam Mass Electric
GeV/cZ  charge 2E GeV/c2  charge

EIENES
gluon

Name
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Equation Sheet

Baryons qqq and Antibaryons qqq

Baryons are fermionic hadrons.
There are about 120 types of baryons.

Electric
charge

Quark
content

Mass :
GeV/c2 OPIn

Symbol Name

proton

anti-
proton

neutron
lambda

omega

Mesons qq

Mesons are bosonic hadrons.
There are about 140 types of mesons.

Mass
GeV/c2

Electric
charge

Quark

B

Symbol Spin
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A Mathematical Formulas

A-1 Quadratic Formula

If ax*+bx+c =0
-bx\/b* - dac
2a

then x =

A-2 Binomial Expansion

an = 1) , + n(n — 1)(n - 2) LR

(1x)" = 1 £nx +

2! 3t
A x)" - rnn-Ny
(x +y) x(1+x x1+nx+ T x2+
A-3 Other Expansions
2 X
e* = l+x+a+§!-+"'
2 2 ¥
+ = -+ ==
In(1 + x) x-3 3 2 +
- e 6
siné = 6 — 3 + 5"
A
cosf =1 - o + i
& 2 7
= + — 4+ = < -
tang = 6 OMET o+ 19 >
df ) da*f\ x?
: = =+ =)=+
(n general:  f(x) f(0) (dx ox (dx’ .2
A-4 Exponents
(an)(am) = an+m i -
N(p") = b)" a"
(a )( ) (a) aa™" = a() =1
(an)m = g™
a2 = Va
A—5 Areas and Volumes
Object Surface area Volume
Circle, radius r wr? —
Sphere, radius r 4zr? $7r’
Right circular cylinder, radius r, height A 2mr? + 2mrh wrih
Right circular cone, radius r, height A wrt + an\/r* + i Yarth
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PHY 141

A-8 Vectors

Vector addition is covered in Sections 3-2 to 3-5.
Vector multiplication is covered in Sections 3-3, 7-2, and 11-2.

A-9 Trigonometric Functions and Identities

The trigonometric functions are defined as follows (see Fig. A-5, o = side opposil
a = side adjacent, h = hypotenuse. Values are given in Table A-2):

[ 1 h
sing = — g = — = —
! h oe sin@ o
h
FIGURE A-5 cos = 2 ech = —— = 1
h cos @ a
in @ 1
tang = 2 = 2= coth = — = =
a cos 6 tan @ (]
and recall that
P+ =K [Pythagorean theorem).
FIGURE A-6 Figure A—6 shows the signs (+ or —) that cosine, sine, and tangent take on for
First Quadrant Second Quadrant angles 6 in the four quadrants (0° to 360°). Note that angles are measured coun-
(0° 10 90°) (90° to 180°) terclockwise from the x axis as shown; negative angles are measured from below - -*
x>0 x<0 the x axis, clockwise: for example, —30° = +330°, and so on. )
y>0 y>0 The following are some useful identities among the trigonometric functions:

sin*@ + cos?d = 1
1 N iy
y Y ! P sec’d — tan’@ = 1, csc?@ — cot?d = 1

x * sin20 = 2sin@cosd -
€0s20 = cos*d — sin?@ = 2cos?f —1 = 1 — 2sin’f
2tané@ :

sin 8 =y/r>0 sin 8>0 tan2 = ————
cos 0 =x/r>0 cos 6<0 1 - tan®9
tan @ = y/x>0 tan 6<0 sin(A+ B) = sin Acos B+ cos AsinB
cos(A+ B) = cos Acos B¥sin AsinB
Third Quadrant Fourth Quadrant
(180° to 270°) (270° 10 360°) tan(A+ B) = tan A + tan B
*<0 »g 1Ftan Atan B
y<0 ye sin(180° — 0) = sin®
] \ cos(180° — 8) = —cosf
=N JARY sin(90° — ) = cos@

7, w r cos(90° — 6) = sin@
sin(-8) = -sin@

cos(—8) = cos@

sin 6<0 sin 6<0
cos 8<0 cos8>0 tan(—@) = —tané .
tan 6>0 tan 8<0 1 r 1 r 1 3
inle = /_-_25_ 19 = (JLFESE  nig = Jiocosf
sinz6 2 cos26 2 tan26 1+ cosd
. . .. (ALB AF¥B
FIGURE A-7 sinAt sinB = Zsm( 2 )cos( 2 )

For any triangle (see Fig. A-7):

i sin inY

sina _ sinfp _ sin¥ [Law of sines]
a b c
¢ = a® + b* — 2abcos?. {Law of cosines]

A-4 APPENDIX A Values of sine, cosine, tangent are given in Table A-2.

Equation Sheet
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PHY 141
]
Derivatives: General Rules
(See also Section 2-3.)
@ _
dx
%[af(x)] = ai—g [a = constant]
d d
SV ) = L, B
1 d,
U] = Ly v 2%
%[f(y)] = Z—{:Z—: [chain rule)
dx _ 1 . i}:
E = _(’_Q’_) if i # 0.
dx
Derivatives: Particular Functions
Z—: =0 [a = constant]
E.\'” = nx"”!
d .
2y Sinax = acosax
d .
Ecosax = =—asmax
d 2
z‘jlannx = asectax
4,1
dx nax = Y
d ax ax
e = ae”
Indefinite Integrals: General Rules
(See also Section 7-3.)
de = x
fnf(.r)dx = ajf(.\') dx [a = constant]
Jue) + stonas = [reran + [aee) ax
Iu dv = wv - fv du [integration by parts: see also I3
A-6
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Equation Sheet

Indefinite Integrals: Particular Functions

(An arbitrary constant can be added to the right side of each equation.)

dx *
Ja dx = ax [a = constant] [ 3 = ad
(x* % a®)2 /¥t a
Ix"'d.x = m}l- lx"'" [m = -1] J' xdx -1
1 (2t az)% \Vxita?
Isinaxdx = —-—cosax .
a J .2 x _sin2ax
sin‘axdx = - - ——
1 2 4a
Jcosax dx = ;sinax ax
) Jxe""dx = —EaT(ax + 1)
Jtan axdx = ;ln[secax] ax
I [.rze'“’dx = - e?(azxz + 2ax + 2)
J;dx = Inx dx 1 x
1 2+ a B ;tan ;
e dy = — e _
-[ a J 2dx ;= —l—ln(x a) [x* > &%)
dx s x*-a 2a \x t+a
[ = e VD) (1) e
=_?z;lna—x [x* < &%)
[ dx = sin"(i) = —cos"(f) {if x* = a%)
2 - 1 a a
A Few Definite Integrals
* -a. n! * ~ax? T
L e dx = s L xe™ dx = T
J e dr = [~ J e dx = -lz-
0 4a o 2a
© . 1 ® ol 1-3:5--(2n-1) [=w
L xe ™ dx = >a L x¥e T dx = ——mig Va

Integration by Parts

Sometimes a difficult integral can be simplified by carefully choosing the functions u and v in the identity:

Jud‘v =

This identity follows from the property of derivatives
d dv du
-&;(uv) =ugs + v;i;
or as differentials: d(uv) = udv + vdu.
For example [xe™* dx can be integrated by choosing u = x and dv = e *dx in the “integration by parts™ cyuation above:

uv — I vdu. {Integration by parts]

Ixe"‘ dx (x)(=e™) + Je“ dx

=—xe - = —(x+ 1) "

SECTION B-6 A-7
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