PHYSICS 101 - Conaeptud Physcs|

Exam Formula Sheet

Units (S1): Prefixes:
Length: m = meter kilo=k =10°
Time: s= second Mega=M = 10°
Mass: kg = kilogram centi = ¢ =107
Velodty: m/s milli =m=10°
Acceleration: m/s? micro = p = 10°
Force: N = Newton = kg m/s nano=n=10°

Energy: J= Joule= Nm = kg m%/s’
Power: W = Watt = J/s

Chage C = Coulomb

Currents: A = Ampere=C/s
Electric Potential: V = Volt = JC
Electric Resistance:! = Ohm=V/A
Magndic Field: T = Teda= Vs/m?

Useful Constants:

Speed of Light: ¢ =2.99810° m/s

Gravitationd congant: G = 6.6710" Nm?#/kg?

Avogadro's nunber: N , = 6.02210 molecules/mol
Gravitationd acceleration at surface of Earth: g = 9.81 m/s?

Mass of Sun: 1.9910% kg Distance from Earth: 1.5010" m
Mass of Moon: 7.3510% kg Distance from Earth: 3.8410° m
Mass of Earth: 5.9710* kg Radius 6.3810° m

Elementary chage e=1.60210" C

Electron mass: m, = 9.10910° kg

Proton mass: m, = 1.67310% kg

Permittivity congant: ", = 8.85410" F/m
Permeability congant: p, = 4! 107 H/m

k (electrogtatic force congant) = 8.9910° Nm?/C?
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Averagevelodty for timeinterval #t = t,Et ,(motion in 1 dimension)

_ change in position during the timde _ x(7p)—x(#1) _ Ax
elapsed times th -1 At

Vav

I nstantaneous velodty at timet

Averagevelodty for avery short time interval aroundt
Relative velodty addition
v(x relative toB)= v(x relative toA) + v(A relative toB)

Acceleration for timeinterval #t = t,E t,

a= change in velocity during timét _ Av
elapsed time intervalt At

Motionin 1 dimension with constant acceler ation:
V(1) = Vxo+ 3ot

Vav,x (O E tl) - l/2 [VxO + Vx(t 1)]

X() = %o + Vot + 7, 8,,0t°

Forces Bsome Examples
Weight F 4 =-mg (in vertical direction),

g = 9.8 m/s? near Earth® surface

Force exerted by spring: F, = -kx (in thedirection of the displacement;
Hookés Law with k = spring condant, x = displacement from relaxed state
of spring)

Normal force F,: EqQud and opposte to net force perpendicular to a surface
Static Frictionfg,,: equd and opposte to net force parallel to a surface,

|fstat| " p’s |Fn|

Kindic frictionfy,,: Force opposte to direction of motion, [f,,| = |Fql-
Tenson T: Force alongdirection of string, at theend it is thesame asthe
force exerted by the string on the attachment point.
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Newton's First Law
When all forces applied to an object bdance outto zero (cancel each other),
then this object will notaccelerate (in an inertial system): If at rest, it will

stay at rest, if in motion, it will coninueto movein the same direction, with
condantvelodity " a=0.

Newton's Second Law
a= F/m; acceleratiop equds f(r)rce divided by mass. More detailed:
Fresultant™ E Fi =ma

all forces F1...N

Newton's Third Law

Forces always come in pairs (interaction between two objects A and B):
I:Action (A on B) =" FReaction (B on A)

Note: Forces add like vectors (paralelogram rule!)
Momentum

p=mv

Changein momentum (impulse): J =#p =$ F #t

System of particle with no externd force: $ p,=p,+ p,+ E conserved

Momentum conservation in two-particle collision:
r r r r

MV, +MyVo =MV, o +myV

2 1f 2f

r

L . T _ r
If collisionis completely indastic: myv; +myv,. = (My +my)V ¢

1i
Work and kinetic ener gy

Work: #W = F #x = F #scog/

(only the displacement in the direction of the force couns).
Kinetic energy of amoving paticle: K.E. = m/2 v?
Work-Energy theorem: # K.E. = #W

Power: P =#W/#t =F v
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Potential Energy

Work doneby conservative force stored in form of potential energy:
U(r)=-#W (I 4->T)

At reference point U (r ) =0 (T, can bechosen for convenience).

Potential Energy - Examples:
¥ Stretched spring: U = (k/2) x? (k = spring congant; x =0 = x., for
relaxed state of spring)
¥ Approximate Gravitationd Potential (near Earth surface): U, = mgh
(h isheaghtabovereference point)
¥ Gravitationd Potentia (Reference point # far away): U ., = -GmM/r

Conservation of total Energy

Total mechanical energy: E = K.E. + U

No externd (dissipative) forces present: E = cond. (#E =0)

Externa forces doingwork: #E = "/, Vi* - M,V + #U = #W
Other forms of energy: Electromagndic, chemical, sound, light, nudear,E
HEAT! (Internd energy, least useful for doing work).

Thetotal sumof ALL these forms of energy is always conserved.

Motionin acircle

Postion described by angle ” , radiusR

Angular velodty: # =#" [#t ; period of revolution T and frequency f = 1/T
[revis]: #=2! [T=2If=|V|/R

Centripetal acceleration: a,,, = V2 /R= #°R

=> centripetal force F = ma

Moment of Inertial :

- Single Particle at distance R from axis; | =mR2
- Extended Objects: | =$, (mp 1)

- Cylindrical Shdl (radiusR): | =MR?

- Solid cylinder: | = MR?/2

- Solid sphee: | =2/5 MR

- Thin rod (axis through center): 1/, ML?

- Thinrod (axis through edge): 1/3 ML?
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Angular momentum: L = 1# (conserved if no externd torqueis present)

Torqueat pointr relativeto axis: $=r |F |sin% = #L / #t
(leverarm times force times angle of attack)
No externd forces -> notorque-> L isconsrved

Requirement for equilibrium: Sum of all forces AND sum of all torques
must both be zero! Center of gravity mus be abovesuppot area.

Kinetic energy for rotationd motion: K.E. =1/, 1# 2

Gravitation

Gravitationd Force of massM onmassm at distancer : F = G mM/r ?

r is distance from center of mass M to center of massm

Gravitationd Force F points opposteto r vector

Tidd force per mass difference across a diameter D: #F/m =2 DGM/r 3
Gravitationd Potential Energy between two masses at distance D (center to
center): U ., =- GmM /D (if reference point is at infinite separation)
Escape speed from planet with mass M andradiusR: Vg = V2GM /R

Projectile motion near Earth(@ surface (neglect air resistance)
Horizontal: v, = cong.; X(t) = X, + Wt

Vertical: v, (t) = Vi -t ; Y(t) = Yo + Vet - Y/, ot?

Total motionis simply combination of horizontal and vertical one

Kepler@ Laws

1) Orbits of satellites (moons, planets,E) are elliptical

2) A linefromthegravitating body (sun, planet,E) to the satellite
sweepsoutequd areasin equd times (Conservation of angular momen-
tum)

3) Theperiod T of an orbit arounda mass M is propottiond to a*? (a = ma-
jor hdf axis of ellipse) andto gy : T = 2! (@®GM )*?
=> oncircular orbit of radiusR velodty is vyt = VGM /R



