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REFERENCE SHEET for Physics for Christian Schools��� �  

LINEAR MOTION:   
percent error 
%e = (diff./acptd.)x 100 
percent difference 
%diff = (diff./avg.)x 100 
distance (meters, m) 
s = |x – x0| = |Dx| 
s = s1 + s2 + s3 . . . 
s = |d1x| + |d2x| + |d3x| . . . 
displacement (meters, m) 
d = dx = x – x0 = Dx 
dx = d1x + d2x + d3x . . . 
average speed 
(meters/second, m/s) 
 v = s/Dt  
average velocity 
(meters/second, m/s) 
 v = d/Dt  
 v = (v0 + v)/2 
change in velocity  
 Dv = v – v0 

average acceleration 
(meters/second/second, m/s2) 
 a = Dv/Dt 
equations of uniform 
linear motion 
v = v0 + aDt 
d = v0Dt + ½ a(Dt)2 
d = (v2 – v0

2)/2a  
area-rectangle (square 
meters, m2) 
Arec = lw 
area-triangle (square  
meters, m2) 

Atri = ½ bh 
quadratic equation 

x = (-b± ac4b2 - )/2a 

trigonometric functions 
(dimensionless) 
sin q = opposite/hypotenuse 
cos q = adjacent/hypotenuse 
tan q = opposite/adjacent 
Pythagorean theorem 
a2 + b2 = c2 

CIRCULAR MOTION:   
circumference-circle 
(meters, m) 
C = 2pr 
area-circle (square meters, 
m2) 
Acir = pr2 

angular displacement 
(radians, rad) 
Dq  = q - q0 

angular speed (radians per 
second, s-1) 
w = Dq/Dt 
tangential speed (avg) 
(meters per second, m/s) 
vt = rDq/Dt = rw 
centripetal acceleration 
(meters/second/second m/s2) 
ac = vt

2/r = r w2 

angular acceleration 
(radians/second/second, 
rad/s2 
a = Dw/Dt 
 

tangential acceleration 
(meters/second/second m/s2) 
at = Dvt/Dt = ar 
equations of uniform 
circular motion  
w = w0 + aDt 
Dq = wDt + ½ a(Dt)2 
Dq = (w2 – w0

2)/2a 
centripetal force  
(newtons, N) 

Fc = mvt
2/r 

torque (meter Newton, m•N) 
t  = rF sinq 
law of moments 
F1/F2 = l2/l1 
Kepler’s Third Law  
K = R3/T2 

DYNAMICS:   
force (newtons, N) 
� F = F1 + F2 + F3 . . . = ma 
Fg = mg = Fweight 
Fspring = kd 
FG = GMm/r2 

friction (newtons, N) 
f = mN 
fk = mk N 
fs max = ms N 
work (joules, J) 
W = Fd cosq 
Wspring = ½ k(Dx)2 
WG = GMm/r  
W = DU = U – U0 

power (watts, w) 
P = W/t 
potential energy (joules, J) 
U = mgh 
kinetic energy (joules, J) 
K = ½ mv2 
total mechanical energy 
(joules, J) 
E = K + U 
conservation of energy 
DK + DU = 0 
mechanical advantage 
(dimensionless) 
TMA = din/dout 

AMA = Fr/Fe = Fout/Fin 

TMAlever = le/lr 
mechanical efficiency 
(dimensionless) 
h = AMA/TMA x 100 
momentum (kilogram 
meters/second, kgm/s) 
p = mv 
impulse (kilogram 
meters/second, kgm/s) 
I = DP = � FDt = mDv 
conservation of momentum 
DP1 + DP2 = 0 
velocity in elastic collisions 
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velocity in inelastic collisions 
m1v1 before = (m1 + m2)vafter 

angular momentum 
(kilogram meters squared 
per second, kgm2/s) 
L = mr2w 

HARMONIC MOTION:   
frequency (cycles/second, 
Hz) 
f = 1/ T 
period (seconds, s) 

T = 1/f 

Tspring = 2p k/m  

Tpendulum = 2p g/l  

Tphys pend = 2p )mgl/(I  

moment of inertia:   
thin rod, axis in middle 
(kilogram meters squared, 
kgm2) 
I = 1/12 mL2 

moment of inertia:   
thin rod, axis at end 
 I = 1/3 mL2 

law of damped oscillations 
ma = (-kDx)+ (-bvx)  
wavelength (meters, m) 
l  = v/f 

NUCLEAR PHYSICS:   
t1/2 = 0.693/l 
A = DN/Dt = -l N 

MOLECULAR MOTION:   
pressure (pascal, Pa) 
Pµ  2Nmv2/ADt 
P = |F|/A 
stress (pascal, Pa) 
s  = |F|̂ /A 
strain (dimensionless) 
e = |Dl|/l o 
Young’s modulus (Pascal, 
Pa) 
E = s/e 
linear expansion (meters, m) 
Dl = al0Dt 
volume expansion (cubic 
meters, m3) 
DV = bV0Dt 
temperature conversions 
T = tc + 273.15 (kelvins) 
tc = T – 273.15 (°C) 
tc = ( tf -32)/1.8 (°C) 
tf = 1.8 tc + 32 (°F) 
gas laws (units vary) 
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transfer of thermal energy 
(joules, J) 
Qsp = mcspDt 
Qcap = CDt 
Qfus = mLf 

Qvap = mLv 
conservation-thermal 
Qgained + Qlost = 0 

power of radiant energy 
S = sT4 
thermodynamic laws 
DU = Q + Won system 

DU = Q – Wby system  
W = PgasDV 
thermodynamic efficiency 
e = |QH| – |QC|/|QH|  
e = TH - TC/TH  
entropy 
DS = DQ/T 

FLUIDS:   
pressure in incompressible 
fluids 
Pd = P0 + r |g|d 
pressure in compressible 
fluids 
Ph = P0e-(r o/Po)|g|h 
hydraulics 
P = |F|/A 
Fout = nFin 

n = Aout/Ain 
buoyancy 
Fb = r |g|V; = |Fw – Fws| 
equation of flow continuity 
A1v1 = A2v2 

Bernouli’s equation 
P1 + ½ r v1

2 + r |g|h1 =  
      P2 + ½ r v2

2 + r |g|h2 

ELECTRICITY  
force between charges 
(newtons, N) 
Fe = KQq/r2 

field strength (newton per 
coulomb, N/C) 
E = Fe/q = kQ/r2 
potential energy (joules, J) 
Ue = qEr = kQq/r 
potential (volt, V) 
Ue/q = kQ/r = Er 
potential diff. (joules, J) 
V = DUe/q = kQ(1/r2 – 1/r1) 

dielectric constant 
(dimensionless) 
k  = E0/Edie 

capacitance (farad, F) 
C = |Q|/|V| 
C = keA/d 
permittivity of  free space 
e  = 1/(4pk) 
resistance (ohms, WWWW))))    
R = r L/A 
Ohm’s law 
V = IR 
power (watts, W) 
P = VI = I2R = V2/R 
series circuits 
RT = R1 + R2 + R3 . . . (ohms) 
IT = I1 = I2 = I3 . . . (amperes) 
VT = V1 + V2 + V3 . . . (volts) 
1/CT = 1/C1+1/C2 +1/C3 . . . (coulombs) 
LT = L1 + L2 + L3 . . . (henrys) 
same LT = L1 + L2 + 2M . . . 
opp. LT = L1 + L2 - 2M . . . 
parallel circuits 
1/RT = 1/R1 + 1/R2 + 1/R3 . . . 
IT = I1 + I2 + I3 . . . 
VT = V1 = V2 = V3 . . . 
CT = C1 + C2 + C3 . . . 
1/LT = 1/L1 + 1/L2 + 1/L3 . . . 

MAGNETISM  
relative permeability 
(dimensionless) 
kmag  = m/m0 
force (newtons, N) 
Fmag = |q|vB sinq 
Fmag = IlBsinq 
Fmag = klI1I2/d 
velocity selector 
v = E/B 
m = |q|Br/v 
Biot-Savart law 
DB = (m/4p) I (Dl sinq/r2) 
magnetic flux (webers, Wb) 
f  = B^ A 
magnetic flux density or field 
strength (teslas, T) 
B = f /A 
Faraday’s Law (volts, V) 
Vi = -Df/Dt 
effective voltage 
Vrms = Vmax/ 2  
effective current 
Irms = Imax/ 2  
inductance or self induction 
(henrys, H)  
L = nf /I 
F  = nf 
Vi = -LDI/Dt  
mutual induction (henrys, H) 
M = nAf B® A/IB  
M = nBf A® B/IA 

ViB = nBf A® B/Dt 
ViB = -MDIA/Dt 
transformers 
Vs/Vp = Ip/Is = ns/np 
reactance (ohms, W)W)W)W)    
XL = 2pfL 
XC = 1/(2pfC) 
impedance (ohms, WWWW) 

Z = 22 XR +  
V = IZ 
resonant frequency (hertz, 
Hz) 

fres = 1/(2p LC ) 
LIGHT (meters per second, 
m/s) 
speed of light 

vEM = 1/ ��  

multiple images:  (360°/q)-1 
image location  
1/f = 1/di + 1/do (mirror) 
Hi/H0 = -(di/d0) (mirror) 
1/f = 1/di – 1/do (lens) 
Hi/H0 = di/d0 (lens) 
magnification 
m = |Hi/H0|  (dimensionless) 
Snell’s law 
ni sinqi = nr sinqr 
interference 
max:  l  = yd/Ln  
min:  l  = yd/L(n-½)   
diffraction  
l  = d(sinqn)/n 
Brewster’s angle 
qB = tan-1( nr/ni) 
illuminance 
E = F /r2 (units = L/m2) 
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METRIC  
PREFIXES 
exa E 1018

 

peta P 1015 
tera T 1012 
giga G 109 
mega M 106 
kilo k 103 
base  100 
deci d 10-1 
centi c 10-2 
milli m 10-3 
micro m 10-6 
nano n 10-9 
pico p 10-12 
femto  f 10-15 

atto a 10-18 
CONSTANTS 
Absolute zero 0 K -273.15° C  
Astronomical unit ua 1.496 x 1011 m 
Atomic mass unit u 1.661 x 10-27 kg 
Avagadro’s number NA 6.022 x 1023 mol-1 
Boltzmann’s k 1.381 x 10-23 J/K 
Coulomb’s k 8.99 x 109 N•m2/C2 
Density of air -- 1.20 kg/m3  
     (20° C and 1 atm) 
Density of water -- 1000 kg/m3  
     (20° C and 1 atm) 
Density of aluminum -- 2.69 g/cm3 

Density of brass -- 8.47 g/cm3 
Density of copper -- 8.94 g/cm3 
Density of glass  -- 2.6 g/cm3 (approx) 
Density of steel (iron) -- 7.86 g/cm3 

Electron mass me 9.109 x 10-31 kg 
Electron volt eV 1.602 x 10-19 J 
Fundamental charge e 1.602 x 10-19 C 
*Gas constant R 8.315 J/(mol • K) 
Gravitational  G 6.673 x 10-11N • m2/kg2 
Grav. accel. (earth) |g| 9.81 m/s2

 (near surface) 
Grav. accel. (moon) |gm| 1.62 m/s2 (near surface) 
L. heat of vap (water) Lv  22.6 x 105 J/kg 
L. heat of fus (water)  Lf  3.335 x 105 J/kg 
Magnetic field of earth-- 5 x 10-5 T 
Magnetic constant k 2 x 10-7 T•m/A 
Neutron mass mn 1.675 x 10-27 kg 
Permeability of free space 
 m0 4p x 10-7 T • m/A  

Permitivity of free space 
 e0 8.854 x 10-12 C2/Nm2 
Proton mass mp 1.673 x 10-27 kg 
Radius of the earth re 6378 km 
Radius of the moon rm 1738 km 
Slug -- 32.2 lbm, 14.59 kg 
Specific heat of al ca 0.897 J/g • °C 
Specific heat of brass cb 0.375 J/g • °C 
Specific heat of cu cc 0.385 J/g • °C 
Specific heat of steel cstl 0.449 J/g • °C 
Specific heat of ice ci 2.09 J/g • °C 
Specific heat of glass cg 0.670 J/g • °C 
Specific heat of steam cstm 2.01 J/g • °C  
Specific heat of water cw 4.18 J/g • °C 
     (27°C and 1 atm) 
Speed of light (vac) c 3 x 108 m/s 
Speed of sound (air) -- 343 m/s  
     (20°C and 1 atm) 
Stephan-Boltzmann s 5.67 x 10-8 W/(m2•K4) 
 
*Gas Constant:  8.315 is used with SI units. 
 0.08207 is used with L and atm. 
 62.36 is used with L and torr.
 K temperature is required for all.
  

Number Convention:   
Natural Numbers:  1, 2, 3 . . . 
Whole Numbers:  0, 1, 2, 3 . . . 
Integers:  . . . -2, -1, 0, 1, 2 . . . 
Rational Numbers:  all 
numbers that can be 
expressed in fractional form.   
-3/16, ½, 2¾, 2.723, etc. 
Irrational Numbers:  numbers 
that cannot be expressed as 
fractions, pppp, 2 , etc. 

Significant Digits – Rules 
apply only to measured data. 
1. All non-zero digits are 
significant. 
2. Zeros between non-zero 
digits are significant. 
3. Zeros in data containing a 
decimal:   
�  Those right of the last 

non-zero digit are 
significant. 

�  Those left of the first non-
zero digit are not 
significant 

4. Trailing zeros in data 
lacking a decimal are not 
significant. 
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Unit Conversions 
_____________________________________________________________________________________ 

The conversion factor required to convert a dimension in the left vertical column to the dimension in the top row is found in the 
table where the two dimensions cross.  The factor may be used in dimensional analysis.  

Length cm m km in ft mi 

1 cm =  1 10-2 10-5 0.3937 3.281 x 10-2 6.214 x 10-6 

1 m =  100 1 10-3 39.37 3.281 6.214 x 10-4 

1 km =  105 1000 1 3.937 x 104 3281 0.6214 

1in =  2.540 2.54 x 10-2 2.54 x 10-5 1 8.333 x 10-2 1.578 x 10-5 

1 ft =  30.48 0.3048 3.048 x 10-4 12 1 1.894 x 10-4 

1 mi =  1.609 x 105 1609 1.609 6.336 x 104 5280 1 
_____________________________________________________________________________________ 

1 angstrom (� )   = 1.000 x 10-10 m | 1 nautical mile (nm)  = 6080 ft = 1852 m 
1 light year (ly)   = 9.461 x 1015 m | 1 astronomical unit (ua)  = 1.496 x 1011 m 

Mass g kg u  oz lbm t 
1 g =  1 0.001 6.022 x 1023 3.527 x 10-2 2.205 x 10-3 1.102 x 10-6 

1 kg =  1000 1 6.022 x 1026 35.27 2.205 1.102 x 10-3 

1 u =  1.660 x 10-24 1.660 x 10-27 1 5.855 x 10-26 3.660 x 10-27 1.829 x 10-30 

1 oz =  28.35 2.835 x 10-2 1.708 x 1025 1 6.250 x 10-2 3.125 x 10-5 

1 lbm =  453.6 0.4536 2.732 x 1026 16 1 5.000 x 10 -4 

1 t =  9.072 x 105 907.2 5.465 x 1029 3.2 x 104 2000 1 
 

Time  s min h d y  
1 s =  1 1.667 x 10-2 2.778 x 10-4 1.157 x 10-5 3.169 x 10-8  
1 min =  60 1 1.667 x 10-2 6.944 x 10-4 1.901 x 10-6  
1 h =  3600 60 1 4.167 x 10-2 1.141 x 10-4  
1 d =  8.640 x 104 1440 24 1 2.738 x 10-3  
1 y =  3.156 x 107 5.260 x 105 8.766 x 103 365.25 1  
 
Pressure atm in.Hg torr Pa mb lbf/in 2 
1 atm =  1 29.92 760 1.013 x 105 1013 14.70 
1 in.Hg =  3.342 x 10-2 1 25.4 3386 33.86 0.4912 
1 torr =  3.342 x 10-3 3.937 x 10-2 1 133.3 1.333 0.01934 
1 Pa =  9.869 x 10-6 2.953 x 10-4 7.501 x 10-3 1 0.01 1.450 x 10-4 
1 mb =  9.869 x 10-4 2.953 x 10-2 0.7501 100 1 1.450 x 10-2 
1 lbf/in.2 =  6.805 x 10-2 2.036 51.71 6.895 x 103 68.95 1 
 
Volume cm3 m3 L in 3 ft 3  
1 cm3

 =  1 1.0 x 10-6 1.000 x 10-3 6.102 x 10-2 3.532 x 10-5  
1 m3 =  106 1 1000 6.102 x 104 35.32  
1 L =  1000 1.000 x 10-3 1 61.02 3.532 x 10-3  
1 in3 =  16.39 1.639 x 10-5 1.639 x 10-2 1 5.787 x 10-4  
1 ft3 =  2.832 x 104 2.832 x 10-2 28.32 1728 1  
 

Miscellaneous Conversions:   
Volumetric:   1 U.S. fl. gal. = 4 U.S. fl. qt. = 8 U.S. pt. = 128 U.S. fl. oz. = 231 in.3 
 1 British imperial gal. = 277.4 in.3 

Magnetic:   1 tesla = 1 x 104 gauss = 1 weber/m2 
Heat:   1 BTU = 251.996 cal = 1055.056 J = 778.169 ft-lb; 1 kWh = 3412.14 BTU 
Circular:   1° = 60¢; 1¢ = 60²; 1 rotation = 360°; 1 radian = 57.29°; 1 rev = 2p radians 

Mantissa:  the decimal 
portion in scientific 
notation 
Characteristic:  the 
exponent 
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Fundamental and Derived Dimensions of the SI 
Dimension Base Unit Unit Symbol Derivation 
Fundamental 
length (linear distance) (l, w, h, r, d, s) meter m 
mass (m) *kilogram kg *Exception:  Kilograms are not base units. 
time (t) second s 
electric current (I) ampere A 
thermodynamic temperature (T) kelvin K 
amount of substance  mole mol 
luminous intensity (IL) candela cd 

Derived 
absorbed dose (D) gray Gy J/kg  

activity (radionuclide) (A) Becquerel Bq s-1 

capacitance (C) farad F C/V 
Celsius temperature (t) degree °C K 
dose equivalent (DE) sievert sv J/kg  
electric charge (q) coulomb C A • s 
electric potential difference (V) volt V J/C  
electric resistance (R) ohm W V/A 
energy, work, heat (E, U, K, W, Q) joule J N • m 
force (F) newton N kg • m/s2 

frequency (f) hertz Hz s-1 
illuminance (E) lux lx lm/m2 
inductance (L) henry H Wb/A 
luminous flux (� ) lumen lm cd • sr  
magnetic flux (� ) weber Wb V • s   
magnetic flux density (B) tesla T Wb/m2 
plane angle (� , � , � )  radian rad m/m 
power, radiant flux (P, S) watt W J/s 
pressure (P) pascal Pa N/m2 
solid angle (� ) steradian sr m2/m2 

Fundamental and Derived Dimensions of the BES 
Fundamental 
length (linear distance) (l, w, h, r, ,d, s) foot ft. 
weight (Fw) pound lb., # 
time (t) second s 
electric current (I) ampere A 
thermodynamic temperature (t)  Fahrenheit degree °F 
amount of substance mole mol 
luminous intensity IL candela cd 

Derived 
frequency (f) hertz Hz s-1 
mass (m) slug slug lb/(ft/s2) 
pressure (P) pounds per square inch psi lb/in2 
energy/work (E, U, K, W) foot-pound ft • lb ft • lb 
heat (Q) British thermal unit BTU 778 ft • lb 
power (P) horsepower hp 550 ft • lb/s 
electric charge (q) coulomb C A • s 

System Comparisons 
System Length Mass Time Speed Acceleration Force/Weight Work/Energy 
MKS (SI) meter kilogram Second m/s m/s2 newton joule 
CGS centimeter gram Second cm/s cm/s2 dyne erg 
BES foot slug Second ft/s ft/s2 pound ft • lb 
 

The symbols on the far left in 
parentheses are the 
abbreviations for the dimension 
name. Don't confuse this with 
the unit symbol. 


