Question Answers (MECH 368)

· What is the most important technological development in 20th century:
Electrification
· Equilibrium state:
there are always electrons moving inside a material.
· Steady State:
With a charge applied across electrons, the material is in a non-equilibrium (electrons move to positive charge)
· What is an ampere?
1A = 1C/s (A current of one ampere is one coulomb of charge going past a given point per second)
· Current: always flows opposite to electrons (positive to negative in circuit)
· Branch = portion of circuit with a component between its terminals
· Node = Junction of more than 1 branch
· Loop = Any closed connection of branches
· Mesh = any loop that doesn’t contain any other loops
· Electrical Energy = Basically potential or kinetic energy (energy due to an objects motion, before it is converted to another form of energy) 
· Electrical Power = rate, per unit time, at which electrical energy is transferred by an electric circuit. 
· kWh = measure of how much energy you’re using. How much energy you would use if you kept 1000 watts appliance on. (ex. 100 watt bulb = 10 hours to get to 1kWh energy/2000 watt appliance uses 1kWh in 30mins. 50 watt item could stay on for 20 hours before it used 1kWh.
· Ground = reference voltage. (usually assigned as 0V)
· How batteries work:
a chemical reaction generates the potential difference. Once the chemical reaction has “finished”, the battery no longer generates a useful potential difference and the battery is thrown away. (providing current and potential diff in rechargeable batteries, chemical rxn store this energy and use it later. 
· Temp effect on batteries: 
Self discharge is lowest when cold, worst when hot. So cool storage is good for a battery.
· Battery dangers:
battery can overheat, causing the cells to break open and result in a chain reaction of other cells rupturing. This is called thermal runaway.
· NI-Metal vs Li-Ion:
Ni  less expensive, larger and heavier, can both hold similar power (But LI-ion can be charged/discharged faster), more durable.
· Types of batteries:
Foldable: 200,000 cycles
Aluminium: (1,100 mile drive) 
Sodium-ion :(seven times more efficient) 
Carbon-ion: (superfast-charging) 
Gold nanowires: (200,000 cycles) 
Laser-made microsupercapacitors: (50 times faster charging)
· AWG logic: larger the size, smaller the diameter)
· Open circuit = No current, Yes voltage difference. 
· Short circuit = Yes current, Always 0V (For any current)
· Practical voltage source vs. real voltage source: 
Practical = no resistor in voltage source
Real = resistance inside the voltage source (some current losses) 
· Practical current source vs. real current source:
Ideal = infinite internal resistance
Practical = has some internal resistance in parallel and the amount of flow depends upon the load.
· Ammeter = device that when connected in series with a circuit element, can measure the current flowing through the element
· Voltmeter = measures voltage difference across a circuit element. (must be connected in parallel) (ideal has infinite internal resistance so doesn’t draw current) 
· Ohmmeter = Measures resistance of a circuit element (element must be disconnected from any other circuit)
· Example of 5 materials in an electronic circuit:
Copper, tin, paper impregnated with resin, gold, black resin
Resistors:
· Factors influencing the resistance in a conductor: (conductor = anything that lets current pass thru it)
Length of conductor, cross-sectional area and material.
· List 4 types of resistors and their particularities:
· SMT (Surface Mount Technology): gives precise resistance (Tolerances = +/- 0.02%)
· Metal Film resistors: Wide range of resistances w/ very small tolerances (Tolerance = +/- 1%)
· Carbon Composition Resistor:  cheapest (Tolerances = +/- 10% – 20%)
· Wire -wound resistors: available in low value resistances, but dissipate a lot of power. Very hot when in use
· Explain what does E12 series of resistor mean: 12 ‘Preferred Values’ of resistor, each having a tolerance range of +/-10% covers all values from 10Ω to 100Ω.
· SMT resistors: (Ex: 473 = 4.7M  5 equal # of zeros) 
· Resistor Parameters: (ppm/Co)
Temp Coefficient = Resistance increase with temp  +ve temp coeff
		      Resistance decreases with temp  -ve temp coeff

· Why does an energized wire deflect a compass?
When electric current passes through a conductor, a magnetic field is produced around the conductor.
· Amperes law = size of magnetic field by electric current is proportional to size of that current with a constant of permeability of free space. 
· What is the right-hand rule and what is it used for? 
to find what way current goes (from magnetic field) 
· What is a clamp-meter?
measures current by magnetic field (without touching wire)
· Skin effect:
Skin effect is the tendency of an alternating electric current (AC) to become distributed within a conductor such that the current density is largest near the surface of the conductor and decreases with greater depths in the conductor.
· What is the time constant?
Time it takes to charge a capacitor, thru a resistor, to 63.2% of the value of an applied DC voltage, or to discharge to 36.8% of its initial charge voltage. 
· Faradays law:
Faraday's Law states that a changing magnetic flux on a looped conductor will produce a magnetic force that causes the electrons in the conductor to move, creating a current.
· Sources of electric power and their operating principle:
Water, fuel, wind, steam (nuclear power plant)
· Peak vs Rms:
Peak = 120 x  
· Given signal, draw second signal time that is shifted:
Ex: v = Acos(wt + pi/4)  shifted by pi/4 (sine graph shifted by pi/4)
· Explain why omega=377 rad/sec:
Convention in Canada (Other places have 50 Hz frequencies, which is why appliances don’t work in ex Europe)
· Explain the capacitor behaviour under ac:
Capacitor will continually charge/discharge at a rate determined by the frequency of the supply
· Impedance = overall opposition of a circuit to current (Includes capacitors and inductors) (In ohms)
· Average power for an ideal capacitor:
Accepts and returns same amount of charge therefore P = 0
· 
Transformers:
· Characteristic of an ideal transformer:
	Formulas with v and I in Eq. Sheet
· Maximum power transfer:
ZL = Zs   RL = Rs  XL = -Xs
· Order of wires on the poles:
Low voltage lines (120 to 600V): below medium lines, stack of 3
Medium voltage lines (750 to 34500V): above low lines, no insulated sheath
High voltage lines: transmits power over large distances
· Why is the core made of laminations?
To reduce losses caused by eddy currents which heat up the core, meaning that electrical energy is being wasted as unwanted heat energy. 
· Practical transformer:
Some current leaves the coil through air and produces an emf
· Tap transformers (how do they work and why are they popular):
Changes the voltage ratio of a transformer so that its secondary voltage stays nominal
· Slip (AC motor):
Difference between speed of electric motor magnetic field(rpm) and shaft speed (rpm). Rotor not turning = slip is max
Higher slip = higher torque
· Parameters of an electric motor:
Rated voltage:  should never be exceeded, damaging if exceeded.
Rated current: should not be exceeded for a prolonged time
· 3 Phase:
Used for high power loads (not for home use)  3 wires phase shifted 120 degrees apart
· What is the use of a starting capacitor? In what type of motors is it used?
Results in lower starting current and used for most single-phase applications (3 to 10hp)
· 3-phase electrical generator:
Generator converts mechanical power to a set of 3 AC electric currents, one from each coil. Windings are arranged such that currents vary sinusoidally at same frequency but offset peaks.
· Wye-connected: advantages and use:
If one the primary fails, secondary will still produce full voltage on all three phases. 
Op-amps:
· Low-pass, high-pass and bandpass filters:
Bandpass filter: a device that passes frequencies within a certain range and rejects frequencies outside that range.
Low-pass filter: allows only everything lower than the cut-off frequency to pass through 
High-pass filter: allows only everything higher than the cut-off frequency to pass through

· Effect of the feedback connection to inverting input:
to force the voltage at the inverting input to be equal to that at the noninverting input
· Physical limitations of op-amps:
Only capable to amplify signals between Vs+ and Vs-
· Effect of the feedback connection to non-inverting input:
To create hysteresis = property where a system fails to return to its original state after some cause of state change has been removed.
an op-amp with positive feedback tends to stay in whatever output state its already in. It “latches” between one of two states, saturated positive or saturated negative.

Atoms:
· Period and group significance in the periodic table:
Number on left of table (Period) = number of shells of atom
Numbers on top of table (Group) = number of valence electrons (outer most shell)
· Type of impurities added to semiconductors ad the role of impurities:
N-type semiconductors: (extra electrons negatively charged) adding an element with an extra electron (arsenic) (doping) allows arsenic to bond with silicon atoms and one electron left over for each arsenic conduct current.
P-type semiconductors: (holes positively charged) One electron missing from each neighboring covalent bond, hole where electron should be, hole assumes positive charge and attracts electrons, holes become a type of current carrier. 
Diodes:
· Depletion region (region where p and n are stuck):
Positive to p and negative of battery to n  forward bias = depletion region smaller and current goes through
[bookmark: _GoBack]Positive to n and negative to p  reverse bias = depletion region bigger and current doesn’t go through

· Give 3 reasons why NAND and NOR gates are preferred:
1. They are faster (less delay)
2. You can make any other gate with them (AND,OR,NOT)
3. 
