Midterm Study Guide
Part I – Electronics

Vocabulary

Alternating Current

Charge

Circuit

Conductor

Current

Dielectric

Direct Current

Electron

Electron Valence 

Ground

Impedance

Insulator

Ion

Neutron

Open

Parallel

Potential Difference (voltage)

Potentiometer

Power

Proton

Resistance

Semiconductor

Series

Voltage divider

Symbols/ Units




Symbol



Unit

Charge


Q (for quantity)


Coulomb (C)

Current


I (for intensity)


Ampere (A)


Impedance

(



Ohm (()

Potential Difference
E or V



Volt (V)

(Aka voltage)

Power


P



Watt (W)

Resistance

R



Ohm (()

Equations







Basic Equations

	Q

	I
	T


Charge: Q = I x T, I = Q/T, T = Q/I


Where: Q = charge, I = current, T = time

	E

	I
	R


Ohm’s Law: E = I x R, I = E/R, R = E/I


Where: E = voltage, I = current, R = resistance

	P

	E (E= I x R)
	I (I = E/R)


Power Equations: 

1) P = E x I

2) If we substitute I x R for E we get P = I2 R
3) If we substitute E/R for I we get P = E2/R
Where: P = power, I = current, R = resistance and E = Voltage

	3 forms of power equation 1
	3 forms of power equation 2
	3 forms of power equation 3

	P = E x I
	P = I2 R
	P = E2/R

	E = P/I
	I = the square root of (P / R)
	E = the square root of (P x R)

	I = P/E
	R = P / I2
	R = E2 / P


Series Circuits

Summary: 

1. I is the same across each resistance in series.  IT = ET / RT 

Where: IT is total current, ET is the total applied voltage, and RT is total resistance.

2. E drops or changes across each resistance. This is called a voltage or IR-drop. V1 = IT x R1, V2 = IT x R2, etc

Where: V1 is the voltage drop across R1, IT is the total current, R1 is the value of the first resistor, V2 is the voltage drop across R2 and R2 is the value of the second resistor, etc. The voltage divider formula can also be used: V1 = (R1/ RT) x VT - The advantage of this formula is the voltage drop can be found without calculating Current.
3. The sum of each voltage drop is equal to the total applied voltage. VT = V1 + V2 + etc. The larger the value of an individual resistance in a series circuit, the larger the voltage-drop. This can be explained by I = E/R, since I is the same in each part of a series circuit, if an individual resistor increases in value, the voltage across that resistor must increase as well.

4. The total resistance is the sum of each resistance RT = R1 + R2 + etc.
5. The power used by each resistance in series is equal to P1 = V1 x IT

Where: P1 is the power used by the first resistor, V1 is the voltage drop across first resistor and IT is total current. 

6. The total power in a series circuit is the sum of the individual powers or:

PT = P1 + P2 + etc. Where: PT is the total power, P1 is the power used by the first resistor, etc.

7. An open in a series circuit results in zero current across all the components in series.
Parallel Circuits

Summary: 

1. The total applied voltage (E) is the same across each branch. Each branch may have different values of I due to different resistance values on those branches. The higher the branch resistance, the lower the current through that branch. This can be explained by E = I x R. If E remains the same and R increases, I must decrease in inverse proportion to R.
2. The sum of each branch current equals the total or main line current IT = I1 + I2 + etc
Where: IT = the total or main line current, I1 = current in the first branch, I2 = current in the second branch, etc
3.  (B-section students only) Branch currents can be found in parallel by using the proportional current divider formula:

I1 = (R2/R1 + R2) x IT, and I2 = (R1/R1 + R2) x IT
4. The total resistance (RT) for parallel resistances may be found using any of the following formulae: Where: R1 is the value of the first resistor, R2 is the value of the second resistor, etc

a. If all values of R are the same, RT  = Value of one R/ Total # of R

b. For only 2 resistors of non-equal value, RT = R1 x R2 / R1 + R2
c. If the total applied voltage and the main line current are known simply use ohm’s law: 

RT = ET / IT

d. For all other scenarios, use the reciprocal formula, 1/ RT = 1/ R1 + 1/ R2 + etc
(Remember to find the least common denominator before adding fractions and then simply invert the 2 sides of the equation to find RT (total resistance)

Example: Find the value of three resistances in parallel, R1 = 1 (, R2 = 2 (, R3 = 3 (
1/ RT = 1/ R1 + 1/ R2 + 1/ R3 

1/ RT = 1/1 + 1/2 + 1/3 = 6/6 + 3/6 + 2/6 (Least common denominator = 6, so multiply each fraction by the appropriate number to get 6 in the denominator of each one. Therefore 1/1 + 1/2 + 1/3 becomes: 

(6 x 1)/ (6 x 1) + (3 x1)/ (3 x 2) + (2 x 1)/ (2 x 3) which equals 11/6

Then we have: 1/ RT = 11/ 6 which we can rewrite as RT = 6/ 11 ( or .545 ( (545 m()

The total resistance in a parallel circuit is always less than least resistor!

5. The power used by each resistance in parallel is equal to P1 = ET x I1

Where: P1 is the power used by the first resistor, ET is the total applied voltage and I1 is current in branch 1. 

6. The total power in a parallel circuit is the sum of the individual powers or:

PT = P1 + P2 + etc. Where: PT is the total power, P1 is the power used by the first resistor, etc.

7. An open in the main line of a parallel circuit results in zero current through all the individual branches. An open in one branch (not the main line) does not prevent current from flowing through the other branches. A short in a parallel branch results in potentially dangerous amounts of current through the shorted branch and no current through the other branches.
8. (B-section students only) To find an unknown Rx value in parallel when the total resistance is known: Rx = R x RT / R – RT
For example: What Rx must be added in parallel to a 40-ohm resistor to give a total resistance of 24 ohms? Rx = 40 x 24 / 40 – 24 = 60 ohms
Part II – Decibels

Vocabulary

Bel

dB

dBm

dBu

dBV

dB SPL:

Standard operating level (SOL)

U.S. pro audio SOL = 

U.S. consumer/ semi pro SOL = 

Signal to noise ratio (SNR)

RMS

Peak level
Decibel Equations for Power Ratios

Remember: A Bel is defined as the log of the ratio of two powers. Hence we have:

 Bels = log (P2 / Pref) where Pref is the reference power and P2 is power we’re comparing to that reference.

Decibels are literally a tenth of a Bel.  So dB becomes 10 log (P2 / Pref) 

Where Pref  is the reference power and P2 is the power you are comparing against that reference.

Decibels are dimensionless units; they only have meaning when you specify a reference. Some specific reference standards have been developed (see table below).

Decibels, which use a logarithmic scale, are well suited for measuring audio signals. Since we are often measuring or comparing very large or small ratios, the decibel scale allows us to deal more easily with these extremely large or small values.  (For example, comparing the threshold of hearing to the threshold of pain is far easier to express as 120 dB SPL instead of as a sound power ratio of more than a trillion to one.) 

Decibel Equations for Voltage Ratios

0*-+0*--
Since power is equal to the square of voltage divided by resistance (P = E2 / R) we can also use decibels to compare signals in terms of their measured voltage (provided the resistance is the same in both). The dB formula for comparing voltage ratios is: 20 log (V2 / Vref)
Where Vref  is the reference voltage and V2 is the voltage you are comparing against that reference.

	Decibel Table

	dB measurement
	Reference
	Used to compare
	Formula

	0 dBm = 


	.001 W (1 mW) into 600 ( which results in .775 V RMS
	Voltage or power ratios
	For power comparisons: 

dBm = 10 log (P2 / 1mW)

For voltage comparisons: 

dBm = 20 log (V2 / .775 V RMS)



	0 dBu = 
	.775 V RMS not referenced to any impedance value
	Voltage ratios
	dBu = 20 log (V2 / .775 V RMS)



	0 dBV = 
	1 volt not referenced to any impedance value
	Voltage ratios
	dBV = 20 log (V2 / 1 V RMS)



	0 dB SPL = 
	20 micro pascals (the threshold of hearing)
	Sound Pressure Level ratios
	dB SPL = 20 log (P2 / 20( pascals)

Where Pref  is the reference pressure and P2 is the sound pressure level you are comparing against that reference.




