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Current
 I = dq/dt
 I: current in Amperes (A)
 q: charge in Coulombs (C)
 t: time in seconds (s)
Unit: Amperes
The direction of current flow is defined by the direction the positive charge moves.
In most circuits the charge carriers are negative and current flows in a direction opposite the direction taken by the charge carriers.

Problem: Current (1998)

Questions 43
A narrow beam of protons produces a current of 1.6 x 10‑3 A. There are 109 protons in each meter along the beam.

43  Of the following, which is the best estimate of the average speed of the protons in the beam?
(A) 10‑15 m/s          (B) 10‑12 m/s            (C) 10‑7 m/s           (D) 107 m/s           (E) 1012 m/s

Show your work












Conductors
High conductivity
Low resisitivity
Loose electrons (for most electrical circuits)

Insulators
High resistivity
Low conductivity
Tightly held electrons (for most electrical circuits)

Resisitivity, 
Property of a material which makes it resist the flow of current through it.
Unit: Ohm-meters (m)

Conductivity, 
The inverse of resisitivity
 = 1/

Resistance
Depends on resistivity and on geometry
R = L/A
R : resistance (Ohms, )
: resistivity (Q m)
L : length (m)
A : cross-sectional area (m2)

Problem: Resistance (1998)
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39.  Two resistors of the same length, both made of the same material, are connected in a series to a battery as shown above. Resistor II has a greater cross. sectional area than resistor I.  Which of the following quantities has the same value for each resistor?
 (A) Potential difference between the two ends (B) Electric field strength within the resistor 
 (C) Resistance 			
 (D) Current per unit area 
 (E) Current

Show your work













Resistor, R
Represented by this symbol:


Reduces the amount of current flowing in a circuit

 Ohm’s Law
 V = IR
 V : potential drop between two points (Volts)
 I : current (Amps, A)
 R : resistance (Ohms, )

Electrical Power
P = IV
P: Power in Watts
I: Current in Amperes
V: Potential Drop in Volts
Also, combined with Ohm’s Law
P = iR2
P = V2/R

Problem: Power (1998)

42.  A wire of resistance R dissipates power P when a current I passes through it. The wire is replaced by another wire with resistance 3R. The power dissipated by the new wire when the same current passes through it is
(A) P/9           (B) P/3          (C) P          (D) 3P          (E) 6P

Show your work











Cell
What produces the current in a circuit.
Represented by this symbol:



Battery
Multiple cells in series.
Represented by this symbol (for a 2-cell battery)



Electromotive Force
The maximum voltage a cell can supply.
Depends upon the chemistry of the cell.
Designated as EMF or as e.
A misnomer: not a force at all!

Internal Resistance
Resistance that is part of a cell.
Tends to increase as a cell ages.

Terminal Voltage
Voltage actually supplied by a cell when current is flowing.
Generally less than the EMF due to internal resistance.
VT = e – IR

Resistors in series
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Req = SRi

Resistors in parallel
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1/Req = S(1/Ri)

Problem: Equivalent Resistance (1998)

37.  Which of the following combinations of 4 resistors would dissipate 24 W when connected to a 12 Volt battery?
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Show your work











 Problem: Equivalent Resistance (1993)
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70   If the ammeter in the circuit above reads zero, what is the resistance R ?
A)  1.5         B)  2        C)  4   
D)  5          E)  6

Show your work













Kirchoff’s 1st Rule
Junction rule.
The sum of the currents entering a junction equals the sum of the currents leaving the junction.
Based on conservation of charge.

Kirchoff’s 2nd Rule
Loop rule.
The net change in electrical potential in going around one complete loop in a circuit is equal to zero.
Based on conservation of energy.

 Problem: Kirchoff (1984)
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41. 	In the circuit shown above, what is the resistance R ? 
	(A) 3       (B) 4         (c) 6        (D) 12        (E) 18 

State your reasoning










Problem: Kirchoff (1998)

36.  A resistor R and a capacitor C are connected in series to a battery of terminal voltage V0. Which of the following equations relating the current I in the circuit and the charge Q on the capacitor describes this circuit?

(A) V0 + QC ‑ I2R = 0          (B) V0 ‑ Q/C ‑ IR = 0          (C) V02 ‑ Q2/2C ‑ I2R = 0
(D) V0 ‑ C(dQ/dt) ‑ I2R = 0          (E) Q/C ‑ IR = 0

Show your work






 Problem: General Circuit (1993)

Questions 45-47
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In the circuit above, the emf's and the resistances have the values shown. The current I in the circuit is 2 amperes.

45. 	The resistance R is
A)  1         B)  2        C)  3         D)  4  
 E)  6 

Show your work







46.  The potential difference between points X and Y is
	A)  1.2 V        B)  6.0 V        C)  8.4 V       D)  10.8 V        E)  12.2 V

Show your work









47. 	How much energy is dissipated by the 1.5‑ohm resistor in 60 seconds?
	A)  6 J        B)  180 J       C)  360 J        D)  720 J        E)  1,440 J

Show your work







RC Circuit
Resistor and Capacitor in series circuit.
t = RC
t: capacitive time constant
R: resistance in circuit
C: capacitance in circuit
The capacitive time constant tells at what time 63 % of the capacitor is charged (or discharged).

Charging a capacitor in an RC circuit
q = qmax ( 1 – e-t/t)
When switch is first closed, the capacitor acts like a wire, or a short.
When switch is closed for a long time, the capacitor acts like a gap in the wire.

Discharging a capacitor in an RC circuit
q = qmax (e-t/t)

 Problem: RC Circuit (1993)

Questions 57-58
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In the circuit shown above, the battery supplies a constant voltage V when the switch S is closed.  The value of the capacitance is C, and the value of the resistances are R1 and R2.

57.  Immediately after the switch is closed, the current supplied by the battery is
	A)  V/(R1 + R2)        B)  V/R1         C)  V/R2        D)  V(R1 + R2)/R1R2        E)  zero

State your reasoning








58.  A long time after the switch has been closed, the current supplied by the battery is
	A)  V/(R1 + R2)        B)  V/R1         C)  V/R2        D)  V(R1 + R2)/R1R2            E)  zero

State your reasoning








Problem: RC Circuit (1984)

Questions 57‑59 refer to the circuit shown below.
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Assume the capacitor C is initially uncharged.  The following graphs may represent different quantities related to the circuit as functions of time t after the switch S is closed
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57. 	Which graph best represents the voltage versus time across the resistor R ?
(A)	(B)	(C)	(D)	(E)

State your reasoning








58. 	Which graph best represents the current versus time in the circuit?
(A)	(B)	(C)	(D)	(E)
State your reasoning








59. 	Which graph best represents the voltage across the capacitor versus time?
(A)	(B)	(C)	(D)	(E)

State your reasoning







