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Exam Formula Sheet 

 
Units (SI ): Prefixes: 
Length: m = meter kilo = k = 103 
Time: s = second Mega = M = 106 
Mass: kg = kilogram centi = c = 10-2 
Velocity: m/s milli = m = 10-3 
Acceleration: m/s2 micro = µ = 10-6 

Force: N = Newton = kg m/s2 nano = n = 10-9 

Energy: J = Joule = Nm = kg m2/s2 
Power: W = Watt = J/s 
Charge: C = Coulomb 
Currents: A = Ampere = C/s 
Electric Potential: V = Volt = J/C 
Electric Resistance: !  = Ohm = V/A 
Magnetic Field: T = Tesla = Vs/m2 
 
Useful Constants: 
Speed of Light: c  = 2.998.108 m/s 
Gravitational constant: G  = 6.67.10-11 Nm2/kg2 
Avogadro's number: N A = 6.022.1023 molecules/mol 
Gravitational acceleration at surface of Earth: g  = 9.81 m/s2 
Mass of Sun:    1.99.1030 kg Distance from Earth: 1.50.1011 m 
Mass of Moon: 7.35.1022 kg Distance from Earth: 3.84.108 m 
Mass of Earth: 5.97.1024 kg Radius: 6.38.106 m 
Elementary charge: e = 1.602.10-19 C 
Electron mass: me = 9.109.10-31 kg 
Proton mass: mp

  = 1.673.10-27 kg 
Permittivity constant: "o = 8.854.10-12 F/m 
Permeability constant: µo = 4! .10-7 H/m 
k (electrostatic force constant) = 8.99.109 Nm2/C2 
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Average velocity for time interval # t = t1Ét 2 (motion in 1 dimension) 
 

! 

vav =
change in position during the time "t 

elapsed time "t
=
x(t2 )# x(t1)

t2 # t1
=
"x

"t
 

 
Instantaneous velocity at time t 
 

Average velocity for a very short time interval around t 
 
Relative velocity addition 
 

  

!  

r 
v (x relative to B)=

r 
v (x relative to A) +

r 
v (A relative to B) 

 
Acceleration for time interval # t = t1É t2 
 

! 

a =
change in velocity during time "t 

elapsed time interval "t
=
"v
"t

 

 
Motion in 1 dimension with constant acceleration: 
vx(t) = vx 0 + ax 0 t 
vav,x (0 É t 1) = 1/2 [vx 0 + vx(t 1)] 
x(t) = x0 + vx 0 t  + 1/2 ax 0 t

 2 
 
Forces Ð some Examples 
Weight:    

!  

r 
F Weight = -mg  (in vertical direction);  

g = 9.8 m/s2 near EarthÕs surface 
Force exerted by spring: Fel = -kx  (in the direction of the displacement; 
Hooke's Law with k  = spring constant, x  = displacement from relaxed state 
of spring) 
Normal force Fn: Equal and opposite to net force perpendicular to a surface 
Static Friction fstat: equal and opposite to net force parallel to a surface, 
 |fstat| "  µs |Fn|.  
Kinetic friction fkin: Force opposite to direction of motion,  |fkin| = µk |Fn|. 
Tension T: Force along direction of string, at the end it is the same as the 
force exerted by the string on the attachment point. 
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Newton's First Law 
When all forces applied to an object balance out to zero (cancel each other), 
then this object will not accelerate (in an inertial system): If at rest, it will 
stay at rest, if in motion, it will continue to move in the same direction, with 
constant velocity   

!  

"
r 
a = 0. 

 
Newton's Second Law 
a = F/m; acceleration equals force divided by mass. More detailed: 

  

! 

r 
F resultant=

r 
F i

all forces i=1...N

" = m
r 
a  

 
Newton's Third Law 
Forces always come in pairs (interaction between two objects A and B): 
F Action (A on B) = - F Reaction (B on A) 

 

Note: Forces add like vectors (parallelogram rule!) 

Momentum 

  

!  

r 
p = m

r 
v  

Change in momentum (impulse):   

!  

r 
J  = #  

!  

r 
p  = $   

! 

r 
F  #t 

System of particle with no external force: $   

!  

r 
p  i =   

!  

r 
p  1 +   

!  

r 
p  2 + É  conserved 

Momentum conservation in two-particle collision: 

  

!  

m1
r 
v 
1i + m2

r 
v 
2i = m1

r 
v 
1 f + m2

r 
v 
2 f  

If collision is completely inelastic:   

! 

m1
r 
v 1i + m2

r 
v 2i = m1 + m2( )

r 
v f  

 
Work and kinetic energy 
Work: #W  = F #x  = F #s cos!   
(only the displacement in the direction of the force counts). 
Kinetic energy of a moving particle: K.E. = m/2   

!  

r 
v 2  

Work-Energy theorem: # K.E. = #W  
Power: P  = #W /#t  = F . v 
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Potential Energy 
Work done by conservative force stored in form of potential energy: 
U (  

! 

r 
r ) = -#W  (  

!  

r 
r  ref ->   

!  

r 
r ) 

At reference point U (  

!  

r 
r  ref) = 0 (  

!  

r 
r  ref  can be chosen for convenience). 

 
Potential Energy  - Examples: 

¥ Stretched spring: U el = (k /2) x 
2  (k  = spring constant; x  = 0 = xref for 

relaxed state of spring) 
¥ Approximate Gravitational Potential (near Earth surface): U grav = mgh  

(h  is height above reference point) 
¥ Gravitational Potential (Reference point #  far away): U grav = -GmM/r 

 
Conservation of total Energy 
Total mechanical energy: E  = K.E. + U 
No external (dissipative) forces present: E  = const. (#E  = 0) 

External forces doing work: #E  = m/2 vf
2  - m/2 vi

2  + #U = #W ext 

Other forms of energy: Electromagnetic, chemical, sound, light, nuclear,É 
HEAT! (Internal energy, least useful for doing work). 
The total sum of ALL these forms of energy is always conserved. 
 

Motion in a circle 
Position described by angle "  , radius R 
Angular velocity: #   = #"  /#t ; period of revolution T and frequency f = 1/T 
[rev/s]:  #  = 2!  /T = 2! f = |  

!  

r 
v | / R 

Centripetal acceleration: a centr =   

!  

r 
v 2 /R = # 2 R  

=> centripetal force F = m a centr 
Moment of Inertia I : 
- Single Particle at distance R  from axis: I =mR2 
- Extended Objects: I  = $p (mP rP

2)  
- Cylindrical Shell (radius R): I =MR2 
- Solid cylinder: I  = MR2/2 
- Solid sphere:  I  = 2/5 MR2 

- Thin rod (axis through center): 1/12 ML2  

- Thin rod (axis through edge): 1/3 ML2 
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Angular momentum: L = I#   (conserved if no external torque is present) 

Torque at point r   relative to axis: $ = r | F | sin%  =  #L / #t 
(leverarm times force times angle of attack) 
No external forces -> no torque ->   

!  

r 
L  is conserved 

 
Requirement for equilibrium: Sum of all forces AND sum of all torques 
must both be zero! Center of gravity must be above support area. 
 
Kinetic energy for rotational motion: K.E. = 1/2 I#  2 
  
Gravitation 
Gravitational Force of mass M  on mass m  at distance r : F = G mM/r  2 
r is distance from center of mass M  to center of mass m  
Gravitational Force F  points opposite to r   vector 
Tidal force per mass difference across a diameter D: #F/m = 2 DGM/r  3 
Gravitational Potential Energy between two masses at distance D  (center to 
center): U grav = - GmM /D (if reference point is at infinite separation) 
Escape speed from planet with mass M and radius R: 

!  

vesc = 2GM / R 
 
Projectile motion near EarthÕs sur face (neglect air  resistance) 
Horizontal: vx  = const.; x(t) = x0 + vxt 
Vertical: vy (t) = vy0 -gt  ; y(t) = y0 + vy0t  - 

1/2 gt 2 

Total motion is simply combination of horizontal and vertical one. 
 
KeplerÕs Laws 
1) Orbits of satellites (moons, planets,É)  are elliptical 
2) A line from the gravitating body (sun, planet,É)  to the satellite  

sweeps out equal areas in equal times (Conservation of angular momen-
tum) 

3) The period T of an orbit around a mass M is proportional to a 3/2 (a = ma-
jor half axis of ellipse) and to 1/$M : T   = 2!  (a 3/GM )1/2 
=> on circular orbit of radius R velocity is 

!  

vorbit = GM / R 


