Equation Sheet

Physics 141

The momentum principle:

dp=F _dt
L my
P
==
c

i.)new = pold + FnetAt
S 1 p
rnew = rnld + (Z) At

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

x(t)zxo +vot+%al2

v(t)= 7 =V, + at
a(t) = d‘:{(tt = g = constant

Requirement for uniform circular motion:

F:

r

7

Rotational motion:

d=0r
do
v=or w=—
dt
do
a=or o=——
dt

Gravitational force:

F=mg (close to the surface of the Earth)

Electrostatic force:

Foot iy

2
47'[80 r

Harmonic motion:

F=—kx

k
x(t) =x_ cos(a)t + q)) where ® = \/%

T===
(O]

Damped harmonic motion:

Driven harmonic motion:

0

W, —0

Stress and strain:

0

F
F_yAL
A L
k,
y===
d
Work done by a force:
W =F.d

Power:

—Zcos(a)t+¢)

constant force

= JF-df variable force

n

p=r

=Fev
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Equation Sheet

Physics 141

Work-energy theorem:

=W

system

E1+E2+E3+ ..... )+U

system - (

Relativistic energy relations:

2
mc
E=——==mc"+K

Potential energy:

AU = _VVintemal = _JF.di:
_9U

ox
P-vu-|-Y
dy

U

oz

mm,

ravity
grav r

mgh

gravity -

1 a9
electric 47'[8 r
0

1, >
spring - E kx
Heat capacity:
AE =mCAT

thermal

Friction forces:
fisu N

Jfe =N

Drag force (air):

air

_ 1
F :—ECpszff

Energy levels for the Hydrogen atom:

E = -13.6

N N2

eV,N=12,3,..

Vibrational energy levels:

k
E, = E,+ Nho, = E, + Niy|=, N =0,1,2,..

m
Energy and wavelength of light:
_ he
photon
light
Center of mass:
mr.
- - 11 1 -
r = =— > mr
cm M - 1
S
[edm 4
i =— [¥dm
J- dm

Motion of the center of mass:

Mi:

cm net ,ext

Gravitational potential energy of a multi-particle

system:

U= Mgy

cm
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Kinetic energy of a multi-particle system:

K=K, +K =%Mvmz+K

trans rel n rel
Impulse of a force:
jszm

Momentum and impulse:

J=p ;- p,
Conservation of linear momentum:
AP+ AP =0

system surroundings

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

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

ml
v, = V.
1
m +m
1 2
Moment of inertia:
1= mirl,2 Discreet mass distribution

i

1= j r’dm  Continuous mass distribution

Volume

Kinetic energy of a rotating rigid object:
1
K=—I0’
2

Torque:

)
1
=1}
X
e

Newton’s “second” law for rotational motion:

T=10

Angular momentum of a single particle:
L=¥xp

Angular momentum of a rotating rigid object:
L=1I1®

The angular momentum principle:

i _

dt-(?xf?) =7

net, ext net, ext
Number of micro states:

=(q+N—l)!
g!(N-1)!

Definition of entropy S:

S=klnQ

Definition of temperature 7:

ds
dEin

1
T

t

The Boltzmann distribution:
P ( AE) o e—AE/kT

The Maxwell-Boltzmann velocity distribution:

3 -
P(V) =4r —M ’ vzeing )
2rnkT

Root-mean-square speed:

Average translational kinetic energy of an ideal gas:

=24t
2

trans
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Mean-free path d:

%[E(R—H’)z d}zl

Number of gas molecules hitting an area 4 per
second:

1
molecules/s = — N Av
4V

Ideal gas law:
pV = NkT

Work done by a gas:
V2
w=] , pdV
First law of thermodynamics:
system = W + Q

Isothermal compression:

V
W = NkT ln(—lj
V.

2
Adiabatic compressions:
pV7 = pV’“ = constant
Heat capacity C defined:
AQ = CAT

Heat capacities per molecule for ideal gasses:

C, = gk monatomic gas
3

C, =z 5 k other gases

C,=C, +k

Rate of thermal energy transfer:

&:o—ATH_TL
dt L

Efficiency of a heat engine:

d

efficiency=—=1-
H

S

Quality factor of a heat pump:

P
d
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A Mathematical Formulas

A-1 Quadratic Formula

(f ax*+bx+c¢c =20

bt \/b - dac
2a

A-2 Binomial Expansion

n(n2!— 1) 2+ n(n — 13)|(" - 2) o T

n -1 2
x"(l +-"i) = x"(l + nl+n(—"——)-y—,+~~)
X X 2! x°

then x =

(1xx)* = 12 nx +

(x + y)°

A-3 Other Expansions

2 3

x X
et = l+x+a+3-!'+“'
2 2 Xt
<+ = - — —_— -
In{1 + x) x =3 + 3 2 +
. e ¢
sinf = 6 — Tl + 5"
¢ ¢
cos§ =1 — 2 + o
& 2 7
=0+ =+ — < =
tang = 0 BT o + 6| 5
df da’f\ X2
. = + (= + | <] =
(n general:  f(x) f (dx)ox (dx2)0 o +
A—4 Exponents
(an)(am) = ghtm 1 n
P
a")(b") = (ab)"
(o) = @) I
(an) = g"m 1
a? = Va
A-5 Areas and Volumes
Object Surface area Volume
Circle, radius r wr? —_
Sphere, radius r azr? $nr?
Right circular cylinder, radius r, height 4 27r? + 2mrh wrh

Right circular cone, radius 7, height A wr?+ an/rr + ¥ Yarih




FIGURE A-5
FIGURE A-6
First Quadrant Second Quadrant
(0° 10 90°) (90° to 180°)
x>0 x<0
y>0 y>0

> G
ﬁ i i r
1

Y

™\ o

NPANY;

sin @ =y/r>0 sin 6>0
cos 0 =x/r>0 cos <0

tan @ = y/x>0 tan 6<0

Third Quadrant Fourth Quadrant

(180° to 270°) (270° 10 360°)
x<0 x>0
y<0 y<0

AN

)

r

sin 8<0 sin 8<0

cos <0 cos@>0

tan 6>0 tan <0
FIGURE A-7

A-4 APPENDIX A

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):

sin@

cosf

80 >In |0

tan @

and recall that
a + o0 = K

1 h

g = — = —

oe siné@ o

secd = 1. k

cos 0 a

sin @ cotf = 1 _ 8
cos tan 6 0
[Pythagorean theorem].

Figure A-6 shows the signs (+ or —) that cosine, sine, and tangent take on for .
angles 6 in the four quadrants (0° to 360°). Note that angles are measured coun-
terclockwise from the x axis as shown; negative angles are measured from below
the x axis, clockwise: for example, —30° = +330°, and so on.

The following are some useful identities among the trigonometric functions:

sin®@ + cos’@

sec’@ — tan’@

sin28 =

cos 26
tan 20

sin(A+ B)
cos(At B)

tan(A+ B)
sin(180° — @)

cos(180° — 8) =
sin(90° — 8) =

cos(90° — 9) =

sin(—8) =

cos(—8)
tan(—8)

1- 8
sinjo = ’/__;:_os_‘ cos}é

sinAt sinB

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

1

1, csc?@ — cot’f = 1

2sinf@cosd

cos?® — sin?@ = 2cos?f —1 = 1 — 2sin*0.
2tané '

1 — tan?9

sin Acos B £ cos Asin B

cos Acos B Fsin Asin B
tan A £ tan B

1¥tan Atan B

sin@

—cosé

cos @

sin8

—sin @

= cosé

—tan@

1 + cosé@ tan? 1 - cosé
V 2 V1 + cosé

2 o =
ZSin(A:I: B)cos(A F B)
2 2

. . iy
sina _ sing _ sin [Law of sines]
a b c
¢t = a* + b* — 2abcos?. [Law of cosines]

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




Derivatives: General Rules

(See also Section 2-3.)

a _
dx
d _df _
7e (0] = a—~  la = constant]
d A dg
ar U+ 8] = o+ g
d _df dg
s = g+ pE
d oo dfdy
dx Ll = dy dx [chain rule]
de 1 . dy
dy (ﬂ) if Ir # 0.
dx

Derivatives: Particular Functions

da
i 0  [a = constant]
dx
dirn = lnxu—l
x
d .
7 Sinax = acosax
d .
—cosaxr = —gsinax
dx
d 2
atanax = asec’ax
d | 1
- nax = —
dx x
diem -
x

Indefinite Integrals: General Rules

(See also Section 7-3.)

de=x

fﬂf(.l’) dx ajf(x) dx [a = constant]
[ + g ax

fu dv

[rerax + [s0x) s

wy — J'v du [integration by parts: see also I3



Indefinite Integrals: Particular Functions

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

Ja dx = ax [a = constant] I dx = £
(x* £ az)% a\/x'ta®
fx'"dx - milxmﬂ [m # —1] J xde  _ -1
] (Cta  Vxitad
Isinaxdx = —-—cosax .
a J’ .2 x  sin2ax
sin“axdx = - - ——
1. 2 4a
[cosax dx = g Sinax ax
) Jxe"”dx = =£ > (ax + 1)
Jtan axdx = ;lnlsecaxl max
: Jvze"“dx = - e—,(a"'x2 + 2ax + 2)
J—dx = lnx dx 1 a ¥
x J 5 = —tan”' =
J. 1 2+ a a a
eMdy = =™
dx 1 -
a J 3 = -—ln(x a) [x? > &%
X 2a x +a

i

dx
————= = In(x + \/¥*td?)
J\/x’iaz —-l—ln(a hi x) [x? < a7

d 2a a-x
[——i—— = sin"(i) = —cos"(i) (if x* = a?)
at - x* a a

A Few Definite Integrals

i n! o0 po
Ne=as dy = ~ax? —
L x"e™ ™ dx ey L xPe™" dx o
Al [ *® 1
—ardx - —_ -n.\" i
L e 2 L x%e™*" dx Py
% : 1 % 1-:3:5---(2n = 1)
- = — 20 ,=ax* =
L xe™ dx = e L x¥e ¢ dx = YO "

Integration by Parts

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

J udv = uv - [ vdu. [Integration by parts]
This identity follows from the property of derivatives
51_ (uv) = dv + v du
dx “ d dx

or as differentials: d(uv) = udv + vdu.
For example [xe™* dx can be integrated by choosing # = x and dv = e™*dx in the “integration by parts™ cquation above:

Ixe"‘ dx

(X)(=e™) + Je“‘ dx

=—xe*—e* = —(x+ 1)

SECTIONB-6 A-7





