


Constants 

Constant Symbol Value Units

Speed of light in a vacuum c 2.997 924 58 x 108 m/s

Permittivity of vacuum o 8.854 187 817 620 x 10-12 F/m

Permeability of free space µo 1.256 637 0614 x 10-6 H/m

Planck's constant h 6.626 069 57 x 10-34 J•s

Boltzmann’s constant k 1.380 648 8 x 10-23 J/K

Faraday’s constant F 9.648 533 99 x 104 C/mol

Avogadro’s constant NA 6.022 141 29 x 1023 1/mol

Unified atomic mass unit mu 1.660 538 921 x 10-27 kg

Electronic charge q 1.602 176 565 x 10-19 C

Rest mass of electron me 9.109 382 15 x 10-31 kg

Mass of proton mp 1.672 621 777 x 10-27 kg

Gravitational constant G 6.673 84 x 10-11 Nm2/kg2

Standard gravity gn 9.806 65 m/s2

Ice point Tice 273.15 K

Maximum density of water  1.00 x 103 kg/m3

Density of mercury (0°C) Hg 1.362 8 x 104 kg/m3

Gas constant R 8.314 462 1 J/(K•mol)

Speed of sound in air (at 0°C) cair 3.312 x 102 m/s

Imperial to metric conversions

Unit Symbol Equivalent Unit

inches in 25.4 mm/in millimeter

mil mil 0.0254 mm/mil millimeter

feet ft 0.3048 m/ft meters

yards yd 0.9144 m/yd meters

miles mi 1.6093 km/mi kilometers

circular mil

square yards

pints

ounces

pounds

cir mil 

yd2 

pt oz

lb

5.067x10-4 mm2/cir mil

0.8361 m2

0.5682 L/pt

28.35 g/oz 

0.4536 kg/lb

square millimeters

square meters

liters

grams

kilograms

calories cal 4.184 J/cal joules J

horsepower hp 745.7 W/hp watts W



Metric to imperial conversions

Unit Symbol Conversion Unit Symbol

millimeter mm 0.0394 in/mm inch in

millimeter mm 39.4 mil/mm mil mil

meters m 3.2808 ft/m feet ft

meters m 1.0936 yd/m yard yd

kilometers km 0.6214 mi/km miles mi

square millimeters mm2 1974 cir mil/mm2 circular mil cir mil

square meters m2 1.1960 yd2/ m2 square yards yd2

liters L 1.7600 pt/L pints pt

grams g 0.0353 oz/g ounces oz

kilograms kg 2.2046 lb/kg pounds lb

joules J 0.239 cal/J calories cal

watts W 1.341x10-3 hp/W horsepower hp

Conversion between codes, mV, %, and ppm

Capacitor type overview

Capacitor type Description

C0G/NP0
(Type 1 ceramic)

Use in signal path, filtering, low distortion, audio, and precision 
Limited capacitance range: 0.1 pF to 0.47 µF
Lowest temperature coefficient: ±30 ppm/°C Low-
voltage coefficient
Minimal piezoelectric effect Good 
tolerance: ±1% to ±10%
Temperature range: –55°C to 125°C (150°C and higher) Voltage
range may be limited for larger capacitance values

X7R
(Type 2 ceramic)

Use for decoupling and other applications where accuracy and low 
distortion are not required
X7R is an example of a type 2 ceramic capacitor
See EIA capacitor tolerance table for details on other types 
Capacitance range: 10 pF to 47 µF
Temperature coefficient: ±833 ppm/°C (±15% across temp range) 
Substantial voltage coefficient
Tolerance: ±5% to –20%/+80% 
Temperature range: –55°C to 125°C
Voltage range may be limited for larger capacitance values



Y5V
(Type 2 ceramic)

Use for decoupling and other applications where accuracy and low 
distortion are not required
Y5V is an example of a type 2 ceramic capacitor
See EIA capacitor tolerance table for details on other types 
Temperature coefficient: –20%/+80% across temp range 
Temperature range: –30°C to 85°C
Other characteristics are similar to X7R and other type 2 ceramic

Aluminum oxide
electrolytic

Use for bulk decoupling and other applications where large 
capacitance is required
Note that electrolytic capacitors are polarized and will be damaged, if a 
reverse polarity connection is made
Capacitance range: 1 µF to 68,000 µF Temperature 
coefficient: ±30 ppm/°C Substantial voltage 
coefficient Tolerance: ±20%
Temperature range: –55°C to 125°C (150°C and higher) 
Higher ESR than other types

Tantalum 
electrolytic

Capacitance range: 1 µF to 150 µF
Similar to aluminum oxide but smaller size

Polypropylene
film

Capacitance range: 100 pF to 10 µF
Very low voltage coefficient (low distortion) 
Higher cost than other types
Larger size per capacitance than other types 
Temperature coefficient: 2% across temp range 
Temperature range: –55°C to 100°C

Standard capacitance table

Standard capacitance table

1 1.1 1.2 1.3 1.5 1.6 1.8 2 2.2 2.4 2.7 3

3.3 3.6 3.9 4.3 4.7 5.1 5.6 6.2 6.8 7.5 8.2 9.1

Ceramic capacitor tolerance markings

Code Tolerance Code Tolerance

B ± 0.1 pF J ± 5%

C ± 0.25 pF K ± 10%

D ± 0.5 pF M ± 20%

F ± 1% Z + 80%, –20%

G ± 2%



EIA capacitor tolerance markings (Type 2 capacitors)

LED forward voltage drop by color

Color Wavelength (nm) Voltage (approximate range)

Infrared 940-850 1.4 to 1.7

Red 660-620 1.7 to 1.9

Orange / Yellow 620-605 2 to 2.2

Green 570-525 2.1 to 3.0

Blue/White 470-430 3.4 to 3.8











Where
RT = equivalent total resistance

R1, R2, R3, …RN = component resistors

Ohm's law and voltage divider equation



AC power equation





Capacitor equations



Inductor equations

Equation for charging an RC circuit

Where

VC = voltage across the capacitor at any instant in time (t)

VS = the source voltage charging the RC circuit 

t = time in Seconds

τ = RC, the time constant for charging and discharging capacitors



Equation for discharging an RC circuit

Where

VC = voltage across the capacitor at any instant in time (t)

Vi = the initial voltage of the capacitor at t = 0s 

t = time in seconds

τ = RC, the time constant for charging and discharging capacitors





AC power equation





dB definitions

Examples of common gain
values and dB equivalent

Roll-off rate is the decrease in gain with frequency

Decade is a tenfold increase or decrease in frequency (from 10 
Hz to 100 Hz is one decade)

Octave is the doubling or halving of frequency
(from 10 Hz to 20 Hz is one octave)













Basic op amp configurations
























