Formula Sheet for Physics 112

elementary charge e = 1.6 x 107°C

mass of an electron m, = 9.1 x 1073kg
mass of a proton m, = 1.674 - 107*"kg
charge of a proton: e, charge of an
electron:—e

permittivity of the vacuum

gp=885-107"12C, =885-10712 L
permeability of the vacuum:
po = 4 - 107712

refraction index of water n = 1.33

speed of light C' = 3-10%2

Simple Harmonic Motion (SHM)

Hooke’s Law in one dimension: F = —kuzx,
displacement of the spring: x

position for SHM: x = A coswt, if stretched
to maximum amplitude A at ¢t = 0.

velocity for SHM: v = —Awsin wt
acceleration for SHM:a = —Aw? cos wt
Elastic potential energy: PFeusic = ;kxz

work done by the spring force:

1 1

period T, frequency f, angular frequency w:
T 2 1

w f
. . m
period of a spring + mass: T = 274/ T

L

period of a pendulum: 7' = 27T\/>, L length
g

of the string

Elastic deformation:

AL
Stretch and compression: F' = YL—A with
0

Lg original length, A cross sectional area, Y

Young’s modulus
F

Pressure: P = —

A
wave velocity: v = A- f, A is the wavelength

Electrostatics:

electric force: between two point charges

q1, ¢o a distance r apart

= g lallel o N'm?
|F| =k 2 k=28.99-10 o2
like charges repel, unlike charges attract
N

electric field: E = E, unit: —
do C

direction defined through the force on a pos-
itive test charge qo

electric field generated by a point charge @)
]
r2
force on charge ¢ in electric field E: F= qE

a distance r away: |E| = k

work done by the electric force when a
charge moves from point A to point B:
Wap = FEPE, — EPEp, with the electric
potential energy EPE

If only the electric force acts on a charge,
its total energy Fiyuq = KE + EPFE is con-

served.



. . . EPFE
electric potential at a point: V =
qo0

EPE EPE %%
Vg —Va = B 4 _AB g
do do qo0

the electric potential difference between two

points A and B

electric potential due to a point charge g at
a point a distance r away: V = /{;g
potential difference for uniform electric

fields: V = Ed

capacitors: capacitance: C' =

<l=a

2

1 1 1
energy stored: = 21qV =3 OV? = 3 %7
energy density: = 3 coF?

A
parallel plate capacitor: C' = 505

if a dielectric material is inserted, the capaci-

tance is multiplied by the dielectric constant

A
k: C' = 80%3

Circuits:

resistance: R =

L
resistance of a wire: R = pZ

q
te [ == —
curren ” 7
temperature dependence of resistance:
R = Ro[l + OZ(T — TO)]
V2
power: P:V-[zlszf,

resistors in series: R, = R+ Ry + Rg+ ...

in parallel !
in par : =
P Req Rl R2 RS

terminal voltage: V,, =& — Ir

Magnetism

RHR-1: force on positive charge: thumb
points in direction of charge’s velocity, in-
dex finger points in B field direction, middle
finger points in force direction.

force on charge in magnetic field: F =
quB sin 6

force on current carrying wire of length L in
magnetic field: F' = [LBsinf

RHR-2: direction of magnetic field due to a
long straight wire: point thumb in direction
of conventional current, fingers curl around
wire, give direction of B

magnetic field due to a long, straight wire:

I
gl

2 r
parallel currents attract, antiparallel current
repel
magnetic field at the center of a circular loop
of radius R and N windings: B = N ‘%{
magnetic field inside a solenoid: B = nugl,
n: number of turns per unit length
induced emf: £ = _NTtB’ magnetic flux
®p = BAcos#, 0 is the angle that the mag-

netic field vector makes with the normal of

the area A



Geometric Optics

all angles are measured with respect to the
normal

angle of reflection = angle of incidence
concave mirror: positive focal length, convex
mirror: negative focal length

Ray Tracing Rules for Mirrors:

For concave mirrors:

Ray 1: This ray is initially parallel to the
principal axis and passes through the focal
point after reflection.

Ray 2: This ray initially passes through the
focal point and is reflected parallel to the
principal axis.

Ray 3: This ray travels along a line that
passes through the center of the mirror and

reflects back on itself.

For convex mirrors:

Ray 1: This ray is initially parallel to the
principal axis and appears to originate from
the focal point after reflection.

Ray 2: This ray initially heads toward the
focal point and is reflected parallel to the
principal axis.

Ray 3: This ray travels along a line towards
the center of the mirror and reflects back on

itself.

i e Ly L1
1Irror equation: — —_ —
d d, " d, T

he o di

Magnification: m = — = — &
agnl cation: m = ho do

Sign conventions: object or image in front of
the mirror have positive distances d, and d;
image behind the mirror has a negative image
distance d;

inverted image has a negative image height

h;

speed of light in a medium with refraction

index n: v= =2

Snell’s Law: nq sin6; = ng sin 65, angle of in-
cident ray 6y, angle of refracted ray 65

total internal reflection: sinf, = 22

ni

Thin Lenses

Power of a lens: P = }, unit: diopters = D
Lens equation: i i 1

d; do f
Magnification: m = h: —d—:

Sign Conventions:

f: focal length is positive for converging
lenses, negative for diverging lenses

d,: object distance; positive sign if object
is on the same side as the light source (al-
ways the case, unless you have combinations
of lenses)

d;: image distance; positive sign if image is

on the opposite side of the lens from where



the light is coming, negative sign otherwise
ho: object height; always positive

h;: image height; positive if the image is up-
right, and negative if the image is reverted
with respect to the object

Ray Tracing (3 principal rays)

1) Converging Lens: Draw a ray parallel
to the axis, it will be refracted by the lens
so that it goes through the focal point on
the other side of the lens. Diverging Lens:
Draw a ray parallel to the axis, it will be
refracted by the lens so that it seems to come
from the focal point on the object’s side of
the lens.

2) Converging Lens: Draw a ray that
passes through the focal point on the same
side of the lens as the object, it will emerge
parallel to the axis on the other side of the
lens. Diverging Lens: Draw a ray that
aims at the focal point on the other side of
the lens, it will emerge parallel to the axis on
the other side of the lens.

3) Draw a ray through the center, it will con-

tinue straight through the lens.

Mechanics - Equations from Physics 111

acceleration due to gravity at Earth’s

surface: g = 9.8m/s?

Newton’s Second Law: Z F =ma

1
Kinetic Energy: KE = §mv2

Work - Kinetic Energy Theorem:
Whyet = KEy — KEy = AKE

Work: W = F'cosfls gravitational poten-

tial energy: GPE = mgh  mechanical en-

ergy: Epe. = KE + PE with PE = GPE +
EPE Wy, = (KE;+PE;)—(PE,+KE,)

_AE _ W
power P = S = &

Linear momentum: p = mv Isolated

system: ﬁf = ]30

uniform circular motion - centripetal ac-
. v?
celeration: a = —

r
2

v
centripetal force: F' = ma = m—  period:
r

2rr

T=— frequency: f = %
v

rotational kinematics: angular displacement

0, measured in radians angular velocity
A6 Aw

W= — angular acceleration o« = —
& At

At’

linear position (= arc length): s = 0r,

tangential velocity: vy = wr



b= Vb? — 4dac

2a

Quadratic equation: az? +bx +c=0, z

Vector a@: a, = acos(f), a,=asin(@), tan(d) = Ly
x
magnitude of a vector in the x-y plane: |@| = /a2 + a2

Trig and right triangle:

sin 6— leg opposite 6
hypotenuse
Hypotenuse
leg adjacent to 6 Leg :
cos 6 = opposite 6
hypotenuse 5
: Leg adjacent to 6

o = leg opposite 8

leg adjacent to 0

Theorem of Pythagoras: (leg adjacent)? + (leg opposite)? = (hypotenuse)?
Unit vectors: 7 in x-direction 7 in y-direction

Geometry: Area of a circle of radius r: A = 7r?

Circumference of a circle of radius r: 27r

Units: On the following page of the formula sheet, you will find relations between units. The
table contains only SI - units.

Non Sl-unit: the electron-volt, eV, is a unit for energy often used for elementary particles.

leV =1.6-10719J.



physical quantity symbol unit abbreviation for unit
displacement, distance T, meter m
m
velocity, speed U, v meter /second —
s
acceleration a meter /second /second TQ
s
mass m kilogram kg
- k
s
energy, work E, PE.KE,W Joule J=Nm
J
power P Watt = —
s
momentum I kilogram meter/second kg@ = Ns
s
impulse J Newton second Ns
angular displacement 0 radians rad
d
angular velocity w radians/second e
s
d
angular acceleration o radians/second /second %
s
1
frequency f Hertz Hz= -
s
electric charge Q Coulomb C
: = N VvV
electric field E Newton/Coulomb = =—
C m
electric potential, voltage, emf V Volt \%4
C
capacitance C Farad F=—
J v Vc
power P Watt W=—-—=VA=—
s o S
electric current I Ampere A=—
resistance R Ohm Q= 1
resistivity p Ohm-meters Qm
magnetic field B Tesla 1T = %




