Forces and Motion

(SPH 3U)

Δd = vΔt

Δd = viΔt + ½ aΔt²

Δd = vfΔt - ½ aΔt²

Δd = ½(vi + vf)Δt

vf = vi + aΔt

vf² = vi² + 2aΔd

Fg = mg cosθ

FN = -Fg
Fg = Gm1m2


d²

Ff = μsfN
Ff = μkfN
Fnet = Fa – Ff
Fnet = ma

Energy, Work, and Power

W = FΔd cosθ

Ek = ½ mv²

Eg = mgΔh

ET = Eg + Ek
W = Ef – Ei
ΔE = W + Q

Q = mcΔT

Qlost = – Qgained
m1c1ΔT1 = – m2c2ΔT2
P = W 

      Δt     

P = ΔE
       Δt     

Efficiency = Eout x 100%
         Ein
Waves and Sounds

T = Δt/N

f = N/Δt

f = 1/T

v = fλ
otr = (n/2)λ
ctr = (n-½)(λ/2)   

bf = (f1-f2)

f2 =    f1vs   

       vs ± vo
vs = 331 + 0.6T

Mach # = vo/vs
Light and Geometric Optics

n1 sin θ1 = n2 sinθ2
n = sin θi /sin θR
n = c/v

f = R/2

sin θc = 1/n

dapparent = dactual (n2/n1)

M = hi = -di


        ho     do
1 = 1 + 1



f    do   di
Electricity and Magnetism

Q = Ne

V = ΔEQ/Q

V =IR

I = Q/Δt

IT = I1 = I2 = I3 (series)

IT = I1 + I2 + I3 (parallel)

Rs = R1 + R2 + R3 (series)

1 = 1 + 1 + 1
Rp  R1   R2  R3 (parallel)

RT = Rs + Rp (complex)

VT = V1 + V2 + V3 (series)

VT = V1 = V2 = V3 (parallel)

P = VI

P = I²R

P = V²
       R

Forces and Motion

(SPH 4U)

R = vi²sin2θ
            g

Hmax = visin²θ
              2g

ac = v²
       r

Fc = mv²
          r

T² = k

d³

TA² = TB²
dA³      dB³

Energy and Momentum

p = mv

J = FΔt = mvf-mvi = Δp

vf1 = [(m1-m2)÷(m1+m2)]vi1
vf2 = [2m1÷(m1+m2)]vi1
Fa = kx

Ee = ½ kx²

v = √2GMp
            rp
Fc = mv² = 4π²rm
          r          T²

v = √GM
           r

ac = v² = (4π²)r

        r        T²

T = √4π²r³
         GM

Eg = GMm
           r

Ek = GMm
           2r

Etotal = -GMm
              2r

Ebinding = GMm
                 r

Fthrust = (mgas)Δvgas
             Δt

Electric, Gravitational, and Magnetic Fields

FQ = kq1q2
          d²

E = FQ
       q

g = Fg = Gm
      m      d²

E = kq
       d²

V = EQ
        q

V = kq
        d

ΔV = W
          q

EQ = ΔV
        Δd

FM = qvB sinθ

FM = I1B sinθ

The Wave Nature of Light

T = Δt
       N

f = N
     Δt

λ = Δyd
         x

PD = (n-½)λ = d sinθ

n = 1, 2, 3,...for dark fringes 

PD = nλ = d sinθ

n = 1, 2, 3,...for light fringes

λ = [d÷(n-½)] (yn÷x)

λ = (d÷n) (yn÷x)

ym = mλL 

          w

                 (m = ±1,±2,±3...)

ym = (m + ½) λL 

                w     

θmin = λ
         w

θmin = 1.22 λ
             D

mλ = d sinθ

(m = 0, 1, 2,...)

c =     1  .
      √μ0ε0
E = hf

c = fλ

Ek = mc² - moc²

Ek(max) = hf – W

Δt =       Δto     .
        √1 – (v²c²)

L =  Lo√1 – (v²c²)

m =      mo     .
      √1 – (v²c²)

γ = √1 – (v²c²)

p = h
      λ

λ =  h .
      mv

A = Z + N

N = No(½)^(Δt÷T½)

v = 2V
       Br

m = 2V
e      v²

Fundamental Physical Constants

	Quantity
	Symbol
	Accepted Value

	Speed of light in a vacuum
	c
	2.998×10^8 m/s

	Gravitational constant
	G
	6.673×10^-11 N·m²/kg²

	Coulomb’s constant
	k
	8.988×10^9 N·m²/C²

	Charge on an electron
	e
	1.602×10^-19 C

	Rest mass of an electron
	me
	9.109×10^-31 kg

	Rest mass of a proton
	mp
	1.673×10^-27 kg

	Rest mass of a neutron
	mn
	1.675×10^-27 kg

	Planck’s constant
	h
	6.626×10^-34 J·s


Other Physical Data

	Quantity
	Symbol
	Accepted Value

	Standard atmospheric pressure
	P
	1.013×10^5 Pa

	Speed of sound in air
	
	343 m/s (at 20ºC)

	Water: density (4ºC)

latent heat of fusion

latent heat of vaporization

specific heat capacity (15ºC)
	
	1.000×10^3 kg/m³

3.34×10^5 J/kg

2.26×10^6 J/kg

4186 J/(kgºC)

	Kilowatt hour
	E
	3.6×10^6 J

	Acceleration due to Earth’s gravity
	g
	9.81 m/s² (standard value; at sea level)

	Mass of Earth
	mE
	5.98×10^24 kg

	Mean radius of Earth
	rE
	6.38×10^6 m

	Mean radius of Earth’s orbit
	RE
	1.49×10^11 m

	Period of Earth’s orbit
	TE
	365.25 days or 3.16×10^7 s

	Mass of Moon
	mM
	7.36×10^22 kg

	Mean radius of Moon
	rM
	1.74×10^6 m

	Mean radius of Moon’s orbit
	RM
	3.84×10^8 m

	Period of Moon’s orbit
	TM
	27.3 days or 2.36×10^6 s

	Mass of sun
	ms
	1.99×10^30 kg

	Radius of sun
	rs
	6.96×10^8 m


Derived Physical Quantities and Their SI Units

	Quantity
	Quantity

Symbol
	Unit
	Unit

Symbol
	Equivalent

Unit(s)

	Area
	A
	Square metre
	m²
	

	Volume
	V
	Cubic metre
	m³
	

	Position
	d
	Metre
	m
	

	Velocity
	v
	Metre per second
	m/s
	

	Acceleration
	a
	Metre per second squared
	m/s²
	

	Force
	F
	Newton
	N
	kg·m/s²

	Work
	W
	Joule 
	J 
	N·m, kg·m²/s²

	Energy
	E
	Joule
	J
	N·m, kg·m²/s²

	Power
	P
	Watt
	W
	J/s, kg·m²/s³

	Density
	D
	Kilogram per cubic metre
	kg/m³
	

	Pressure
	p
	Pascal
	Pa
	N/m², kg/(m·s²)

	Frequency
	f
	Hertz
	Hz
	s^-¹

	Period
	T
	Second
	s
	

	Wavelength
	λ
	Metre
	m
	

	Electric current
	I
	Ampere (amp)
	A
	C/s

	Electric potential
	V
	Volt
	V
	W/A, J/C, kg·m²/(C·s²)

	Resistance
	R
	Ohm
	Ω
	V/A, kg·m²/(C²·s)

	Magnetic field intensity
	B
	Tesla
	T
	N·s/(C·m), N/(A·m)

	Magnetic flux
	Φ
	Weber
	Wb
	V·s, T·m², m²·kg/(C·s)

	Radioactivity
	ΔN/Δt
	Becquerel
	Bq
	s^-¹

	Radiation dose
	Absorbed

Dose
	Gray
	Gy
	J/kg·m²/s²

	Temperature (Celsius)
	T
	Degrees Celsius
	ºC
	TºC = (T + 273) K

	Atomic mass unit
	m
	Kilogram
	kg
	1u = 1.660 566×10^-27 kg

	Electron volt
	E
	joule
	J
	1 eV = 1.602×10^-19 J


Metric System Prefixes

	Prefix
	Symbol
	Factor

	Tera
	T
	              1 000 000 000 000 = 10^12

	Giga
	G
	                     1 000 000 000 = 10^9

	Mega
	M
	                            1 000 000 = 10^6

	Kilo
	k
	                                    1000 = 10^3

	Hecto
	h
	                                      100 = 10^2

	Deca
	da
	                                        10 = 10^1

	
	
	                                          1 = 10^0

	Deci
	d
	                                       0.1 = 10^-1

	Centi
	c
	                                     0.01 = 10^-2

	Milli
	m
	                                   0.001 = 10^-3

	Micro
	µ
	                            0.000 001 = 10^-6

	Nano
	n
	                     0.000 000 001 = 10^-9

	Pico
	p
	              0.000 000 000 001 = 10^-12

	Femto
	f
	       0.000 000 000 000 001 = 10^-15

	atto
	a
	0.000 000 000 000 000 001 = 10^-18


