
  

PY106  EQUATION  SHEET  II 
 
 
A vector and its components:  
 
For ANY triangle:               

  
 
 

 
 

2 2 2a b c+ =              c = a2 + b2
            

a = c2 − b2  
                                                           

         
      

 

Adding vectors:    
a +

b = c   =>        and     

 
 

Quadratic equation:    If    ax2 + bx + c = 0,    
a

acbb
x

2
42 −±−

=  

Circumference:   C = 2πr        Area of a circle: A = πr2          Area of a triangle: A = 0.5hb 
 
Conversion factors:  m = 10-3

;
    µ = 10-6

;
    n = 10-9

;
    p = 10-12

;
    k = 103

;
    M = 106

;     G =109 
 
1 m = 100 cm         1 km = 1000 m          1 mi = 1.6 km = 1600 m          1 L = 10-3 m3 
 
1 cm = 10 mm      1 min = 60 s          1 h = 60 min               1 kg = 1000 g 
 
1 inch = 2.54 cm    1 ft = 12 inch              3600 = 2π rad  = 1 rev      
 

General Definitions 
 
           Average Speed:                                                     Average Velocity: 

  (L - distance)               
 

vavvel =
Δx
Δt   

      (Δx  - displacement)  

Average Acceleration:       
!aav =

Δ
!v
Δt

=
!vf −
!vi

Δt           “Instantaneous” = “slope” 
 

Constant Acceleration Equations for 1-D Motion 
 

x = x
o
 + v

ox
 t + ½ a

x
 t

2
        v = v

ox
 + a

x
t              v

x

2 = v
ox

2 + 2 a
x
 (x - x

o
)        vave = (v0 + vf  )/2 

 
 
 
 
 

sin a
c

θ = cos
b
c

θ = tan a
b

θ = 2 2(sin ) (cos ) 1θ θ+ =

x x xa b c+ = y y ya b c+ =

avsp
Lv
t

=
Δ

For a right 
angle 
triangle: 

| A |
sinα

= | B |
sinβ

= | R |
sinγ

R2 = A2 + B2 − 2 | AB | cosγ



  

Newton's Laws 
F
→

Net definition: F
→

Net = F
→

1+ F
→

2+ ...          Translational Equilibrium: F
→

Net = F
→

1+ F
→

2+ ... = 0  
 

Newton's Second Law:    ΣF = m a      or   F
→

net = ma
→

       Newton's Third Law:     F12 = -F21  

Weight:   W = mg         Momentum: p
→

= m v
→

               F
→

Δt = Δ p
→

 
 
Energy and Work:               
 

Work (constant force):    W = F d cos θ     (θ is the angle between force and displacement) 
 
Kinetic Energy: K = Ktr = ½ mv2

     

Potential Energy: Gravitational (y-axis is UP):   UG = mgy        Elastic: UE = ½ kx2

     
 

Energy Conservation:    Master equation: U
i
 + K

i
 + W

nc
 = U

f
 + K

f
   where W

nc
 is work done 

                                                                                                           by non-conservative forces 
Work done by a conservative force:  WConsF = U1 – U2             
  
Work – Kinetic Energy theorem:  K f −Ki =Wtotal =Wnet =W1 +W2 + ...  
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µ0 = 4π ⋅10

−7 N / A2  

Magnitude of the Coulomb Force: 2
21 ||||

r
qqkF =                Force-Field connection: F

→
= qE

→
 

	
Magnitude	of	the	Electric	Field	of	a	charge:    |E | = k |q|/r 2           

!
ENET =

!
E1 +
!
E2 + ...    

 
Potential Difference for a uniform field:      |ΔV| = Ed   

 
         VNet = V1 + V2 + … 
                                  

 
 
 

Work done by electric field:  WElecF = U1 – U2 = q (V1 – V2) 
 
  

Electric field in a dielectric: E =
Evac

κ
        Electric field in a parallel plate capacitor: E = Q

κε0A
 

 

Constants:  k  =  
1 

4πεo  
 

 = 9 x 109 N m2/C2          ε0 = 9 x10-12 C2/(N m2)            e = 1.60 x 10-19 C 

Potential of a charge: V =  
k q  
r  

 

Potential Energy for two charges: U =  k q1 q2 
     r 

 

       Potential Energy of a charge: U = qV  



  

 
 
 

 
 
Capacitors in parallel:       Ceq = C1 + C2 + …                  Qeq = Q1 + Q2 + …    
 

Capacitors in series:       1
Ceq

=
1
C1
+
1
C2

+ ...                ΔVeq = ΔV1 + ΔV2 + …    

 
Electric current:   

 
 
 
 

 
 

Resistors in parallel:  (Junction rule)    I eq = I1 + I2 + …   
 
 
Resistors in series: (“tracing the potential”)    ΔVeq = ΔV1 + ΔV2 + …       Req = R1 + R2 + R3 + ... 
 
 
Magnetism:         For directions: use RHR (different)       For θ: use correct definitions (different) 
 
Generating magnetic field:   | B |= µ0I

2πr
 (wire)        | B |= µ0I

2r
 (center of a loop)      | B |= µ0NI

l
 (inside of a solenoid) 

!
BNET =

!
B1 +
!
B2 +...             µ0 = 4π ⋅10

−7 N / A2  
 
Magnetic Force on a charge:  |F| = | qvBsinθ |       Circular motion:  |qvB| = ac = mv2/R         

€ 

T =
2πR
v         

Velocity selector:      
v = E

B                
 

 
Magnetic force on a wire:    |F | = |ILB sinθ |             Torque on a loop :  |τ| = N |IABsinθ |              
 
Force between two wires:       | F |= µ0I1I2

2πd
L                       Magnetic Flux:   ΦB = |B|Acosθ 

 

Faraday’s Law: (average EMF) εave = −N
ΔΦB

Δt
 ;        (instantaneous EMF)  ε = −N Slope(Φ)          

 

Motional EMF:     |ε |=| v⊥ | B⊥L           Transformer:  N1
N2

=
V1
V2

=
I2
I1

 

 
Generator:        

€ 

εmax = NABω               εrms = εmax / 2  
 
 
 
 
 

U =  Q|ΔV| 
2  

 

=  
Q2  
2C  
 

 

=  
C(ΔV)2  

2  
 

 

C  =  κ εoA 
d  

 

Capacitance:   C   = 
Q  

|ΔV|  
 

I =  
ΔQ  
Δt  

 

             Ohm’s Law:   I =  |ΔV|  
R  

 

               Resistance and resistivity:         R =  ρ L  
A  

 

Power:  P = |ΔV| I                 P = I 
2R                    P = (ΔV)2/R              Work:    W = Pt  

  1  
Req  

 

=  
1 
R2  
 

+  
1 
R3  
 

+ ... 

L 



  

Waves:  (traveling)    y(x,t) = A sin(ωt ± kx + φ)            (standing, an example)   y(x,t) = A sin(kx) cos(ωt)  
 

€ 

k =
2π
λ
        

€ 

ω =
2π
T
     f  = 1/T    v = f λ         vmax = Aω         amax = vmax*ω 

 
Waves on a string:    v = T

µ

!
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Standing waves, Interference:  
 
Beats: ω = |ω1 – ω2| 

String fixed, or tube open (closed) at both ends: 

€ 

fn =
nv
2L

,     L = n
λn
2

    where  n = 1, 2, 3, … 

String fixed or tube closed at one end: 

€ 

fn =
nv
4L

,      L = n
λn
4

    where  n = 1, 3, 5, … 

Sound propagation:    v = λ f (velocity is relative; all parameters have to be related to the same object) 

Doppler Effect (sound waves)     fo = fs ⋅
v ± vo
v ∓ vs
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