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Current, Power, and Resistance

Electric Current (I) is the rate of the flow of charge (Q) through a 
cross section (A) in a unit of time (t)

*Zoom in of cross section

• One Ampere (A) is charge flowing at the rate of one Coulomb per 
second (C/s)

• Electrons “drift” in wire - Slow Drift velocity (Ex. 0.000002 m/s)
• Thermal velocity - (Fast but “random”) (Ex. 1.57 million m/s)

- Collision velocities
• The electrons bounce around by colliding with different molecules
• E-Field goes back, and since electron, E-Force is to the right

*
-

I = P/t
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Ex. Electric current in a wire is 6A. How many electrons flow past a given 
point in a time of 3 seconds.

Conventional Current:
• Imagine a capacitor (two conducting plates with opposite charge) that 

is allowed to discharge
• Electron Flow - The direction of electron flow from - to +
• Conventional Current - the motion of +q from - to +

• Electric fields and potential are defined in terms of +q, so we will 
assume conventional current (even if electron flow is actual flow)

I = GA 6 = /3 18/1
. 0 x 10

10 = 1125x1028-
I = 4/t C = 18(

t
-

t

+

S& flow

-
conventional Flow
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Electromotive Force:
• A source of Electromotive force (emf) is a device that used chemical, 

mechanical or other energy to provide the potential difference 
necessary for electric current.

- Ex. Power lines, battery, wind generator

Electrical Circuit Symbols:
• Electrical Circuits: often contain one or more resistors grouped 

together and attach to and energy source, such as a battery

Electric Resistance:
Suppose we apply a constant potential different of 4V to the ends of 
geometrically similar rods of, say: steel, copper, and glass
• Materials have an electric resistance (R) property

Ohm’s Law:
• Current I through a given conductor is directly proportional to the 

potential difference V between its end points

* W
Front Battery Resistor

open 8 o on
-

light bulk

ICAV

I =; Av = IR ; R = oY
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Ex2. When a 3V battery is connected to a light, a current of 6mA is 
observed. What is the resistance of the light filament

Factors Affecting Resistance:
• The length L of the material. Longer materials have greater resistance

• Cross-sectional area A of the material. Larger areas offer LESS 
resistance

• The temperature T of the material. The higher temperatures usually 
result in higher resistance

• Kind of material. Iron has more electrical resistance than a 
geometrically similar copper conductor

Resistivity of a Material:
• The resistivity (p) is a property of a material the determines its electrical 

resistance R.

Ex. What length L of copper wire is required to produce a 4mOMEGA 
resistor? Assume the diameter of the wire is 1mm and that the resistivity 
p of copper is 1.72e-8 OMEGA x m.

R = +V/1 = 3/0 = 500e

a : F

14 24

1s 2e

R = PE or P = &A

A =100 =85x10mY

L==04/8Sx =
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Temperature Coefficient:
For most materials, the resistance R changes in proportion to the initial 
resistance R_0 and to the change in temperature (DELTA)t.

• Ex. 
- The resistance of a copper wire is 4mOMEGA at 20 degrees 

Celsius. What will be its resistance if heated to 80 degrees Celsius. a= 
.004/ C degrees

Electric Power: 
• Electric power P is the rate at which electric energy is expended, or 

work per unit of time
- Work = q(potential difference)

AR= aRost or P(T) = Porto xAT

Ro= >me 1+= 80-202 =do:

AR = a RoSt ; Ar = (. 004/l)Mue) (Goc'

AR = 1 . 03me R= RotAR
R = Yma + 1 . 03mc

p = == & I = 4/t

AV = IR

p = AV(E)
p = IR

p = AVY

https://goodnotes.com/


A power is rated at a 9A when used with a circuit that provides 120-V. 
What power is used in operating this tool?

A 500W heater draws a current of 10A. What is resistance?

How much energy does a 60W bulb consume in a week if it stays lighted 
for 12 hrs a day.

We can express the power of the light bulb in KiloWatts instead of Watts
• W —> kW
• Divide the power in watts by 1000

P = AVI = (120)(4) = 1080 w

R= 2= Se
·

P = Gow t = 302400s

p = =/+ - E = Pxt = 181440005

p =0 =. Orkw

t = 12 x 1 = 84hrs

E = Px + = 5 . 04 kwh

I= P/t I= 1V/R R = 1V/+
-

A = 14s AV= IR lohm = /A
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More Circuits (Resistors and Current):

Current (I):
• Defined as the rate of flow of charge past a cross section of a wire

• The battery:
- Provides/Gives potential energy to the charges as they move through

The Resistor:

• Electrons dont just smoothly pass through a wire
• The electrons collide with the electrons in the copper atom (held on 

the outside), and have tons of collisions with them, ‘zig-zagging’ 
their way through the wire

• The Drift Velocity (mm/s) is the the average vector the electrons 
follow

Electron per unit volume

Cross section Area

1x = Volt

( V = Alx = AvoStS -V = Volume
Q = Penv

I =1 n =

IC A =

im =lim Q = CenA Volt/ I= + = neEVA·

&
I

L = length
I ILA

A=
area

, =R , Rol
p = resistivity =

R =11
A

R(z) P = resistivity
↓

Ohms Conductivity ed = "p
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Series Circuits:

Consider 3 resistors R1, R2, R3. We connect them in a series with a 
power supply (DELTA_V_b)

• Series = combination of resistors in a single loop circuit with the 
same current flowing through each element 

• In this current loop, the potential rise across the battery = sum of 
potential drop across the resistors

up
Ra

Ret

Riz*Ro = In
AVb

I = Iz = In : I

AV6 = AV ,
+ Ar + AV3

Ohm's : A Vi = I, Ri , AV = IzRa
, AVs = Fa Ra

#Rep = I . R , + EzRz + EoRs - IRI + #R2 + IRe
Rec = Ri + Rz + Rs
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Four resistors 15, 5, 10 and 20 are connected in a Series with a 100V. 
Find the equivalent resistance, total current in the circuit and the 
current through and potential difference across each resistor in the 
combination.

Rep = Ri + Rz + Rs +R~ Roy = 50-

AVo = I tot Rea
I

Su 100 = 50 (1 + ot)
= 100 p I+ o + = 2 A

Ito + = 11 = 12
...

: In = 2 A

AVi = I . R , = 301

AVz : FaRz = 101

AVs = 2OV

AVn = 40v

https://goodnotes.com/


Parallel Circuits

• Circuit elements are connected such that they have the same 
potential different across them.

Ex. 4 resistors, 3,6,9,12 are connected in parallel across 36V battery. Find 
Eq Resistance and total current drawn. What is potential diff across and 
through each resistor?

-
AV = AVz : AVz = A Va· I + o + = I ,

+ Ec + Is

/Rea = 1/r
,

+ 1/pz ++ 9/Rs ·Ito+= Vr/Rep

/Rea = Y
,

+
...

"
Re

Ri = 32
un

Ree = (3+ + (2+) = 1
.44-1V = IIR , eI,: 1A

Iz = NA= Is = 4 A

En = 3 A

11 1 Vi =
. .. DVy = Sev
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Complex Series and Circuits

Find equivalent resistance and total current, and current through and 
potential difference across each resistor in the circuit below.

Rs = Y-

mmmRolla

sitReneSir
wit Ret = (2+(4) = 1 . 33m

AV6 = 13

Rep = 2 + 2 = 42

-
AV = 1SV

A mePut
raisMen
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R =22v = 4. /V
sm

DVD = ISVsiteR : 133

Rep = 1. 33 -

AV6 = I to + Ree
V = 2 . 13V

1S = [+ o + (1 . 33)
I sm I + o +

= 2
.
0 SARo = 2

AVd = 1SV AVs : IsRo
= 2

. 05(2) = 4
.
/01

I = 1VR
*

Go back & findals

DV ,
= 4. / I 1

= 2
. OSA

AVz = 4 .
/V Iz = 1 .

025A

AV = 2 .
0SV Is = 1 . 02SA

AV y
= 2 . 05/ In=. S12SA

AVs = 2 .
05/ Is=. S12SA

AVs = 2
.
131 In = 1 . 365A

AVi = 2
.
131 In =. 682SA

AVs = Y. /v Es = 2 .0SA
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Ex problem

A 30cm long copper wire is connected to a 250V power supply. An 
ammeter measures a current of 20mA passing through the wire. The 
resistivity of copper is 1,68 x 10^-8.
a) Resistance of wire
B) what is diameter of wire
c) how much charge flows through wire in hour
D) how many electrons pass 
E) how much energy dissipated in kwh

AV = 2 Sov a)AV= IR 6) R = PYA
E = 20 m A R = 250/20x153 = 125002 12500 =

168x100). 2)/A
p = 1

.68x10
-

82m A = 2 .51x18m

1 = 2 m A = 10 er = 2 .13x10%

C = S
.
86 x 10 m

() I = P/y 6) 12/6910" = 4. Sx (020- C)P = AVI = 250x20 x 10" : SW

20x15" = 4/ados p = F/t 24hrs

q = 72( 3 = F/8640
E = 4320005

kwhip : Sw = ooskn

t =24hr
E = Pt =

. 05x34 =. 12kwh
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Capacitors and Circuits

Capacitance (C):
• Amount of charge it can hold 

*Always keeps the same proportion
Measured in Farads (F) 

Charge/unit area on a plate of capacitor 

Alt Formulas:

*
A 1 = 0

· : E = E
.

0-

-

⑭ 0 = Q/A

=
Eo = 8.85x10 /m

E==
1 = 0
-

= AVc =Q

E= AVc=

1Vc =
Q

c = PQt = EAAE o

Eo = 8. 85x10 /m

Uc = "2Qv
Uc = Y2CAV
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Capacitor 

Asymptotic behavior:
• when the capacitor is initially uncharged, and 

just begins to charge (immediately after the 
switch is closed), the capacitor acts like a bare 
wire (no resistance)(charge flows freely)

• After the switch has been closed for a long time, 
the capacitor is fully charged and acts like an 
open switch (no current flows in the circuit).

Dielectric:
• An object you put in between the capacitor (ex. Insulator)
• The capacitor polarizes particles in the object causing an 

opposite E-field
• In other words a dielectric will weaken field of capacitor
• Has a dielectric strength (max E-field before it breaks down)

Series 

&

M+ AV t
-

F

·T

Espermitivity of dielectric

Dielectric const. R=
o

C = EE 11 ( = kEo

-V = AV + AV

Q Cet+

AV
, & AVb-

+
sk

-

-

Lep=Av =
= ++a

= + i

https://goodnotes.com/


Parallel

Series Parallel

Quick Overview:

Q

AVA·Q +o +
= Q ,

+ Q2

R+ o + = CeeAV

Q + o += C , AV, + (2Av

Cep1V = AVb(( , + (c)

(ei = (1 + C2

Cep= Ci

Q Q &
2

, 43

A·
(e =( + in + 5)

+

AV = yV, + Av + 1V
AVA

C = P/av
(e4 = C , + (2 + C

1 Vi = 1Vz = AV

=>, C = P/av
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Ex. a) Find equivalent capacitance 
of the combination 
b) Find individual potential 
difference and charge for each 
capacitor

Cs Saf

r M
*

gro-in

Cy

Saf

a) (c = (2 + (3 = 10Nf 6) Q + o + = CetAV = 20. ) p(
(ee = ( + Y+4)" = 1 . 38af Q1 = Q23 = Qu = 20. 14(

Av
,
= = 2 = 10. 35

1Vy = &Y ,
=3 = 2. 54V

1 Vaz = 02/2= = 2 .
01 V

-Vz = AV3 = AV2 = 2 . 01V

=
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Ex. <
1 ,
3af

M

·I
Av = 1201

(sn = (3 + (n = 0 + 3 = taf

Let-11
Av = 120V

Cee = C34s + (12 = 3 . 83Nf

'Av = 12or
Q + ot = Ce (AV) = 644

.
6N(

A Vic = AVsys = 120

Caus = ([n +[s)" = 4. 5Nf

(12 = (k+ )" = 1 . 33af
Piz = (12a Viz = Is t .

da( Avan= Sou

Q343 = C34sAVeus = 340aC AVs = AVy = Nov
Qu = Q1 = Qu = 154.Sn
Qu = QS = Shor Q=&Va = 360NL

Qu = (n1Vn = 180NL

1V1 = 3 = 19
.
81

AVc= = 37.V

AVs = Es
= Gov
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Kirchhoff’s Rule:

Frequently, complex circuits cannot be reduced simply by using our 
understanding because of various reasons (ex. Not parallel or series)
• Kirchhoff’s  Rule is a tool to simplify circuits 

Junction Rule:
• The sum of all currents entering a junction must equal sum of all 

currents leaving the junction

• Application of law of conservation of charge
• Current is flow of charge

Loop Rule:
• The sum of the changes in potential at different points around 

any closed circuit path or loop must be zero
• Application of conservation of energy
• In a closed loop, PE supplied by EMF must be transformed into 

other types of energy
• Sign Conventions:

2[in = [Fout

[AV = 8
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- FEDX)

-
- ev

->O-> ⑰ ⑦ A
AVE = + DUE = -

- +1
400 +D

&

BVE = -

AVE = -

-
um" - IR

-un + IR
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Internal resistance = Resistance of better
• When electrons go through the battery they lose and gain energy

Electromotive Force

Terminal Voltage

• Ammeter connects in series because current needs to be same
• Voltmeter connects in parallel because voltage needs to be same

*Voltmeter must have a huge resistance to 
negate the fact that current splits (therefor 
changing the voltage)
• We want to limit the current that goes into 

the V-meter

*Similarly, ammeter must have a super 
low resistance to negate the current drop 
(due to resistance)

Batteries, Voltmeters and Ammeters 

m

Ri

Av=IR E- emfei I=Ree = Rutr
Rec = Ri + r

I
Dv = -In

Loop Rule :

- S E-IRL-Ir = 0

E-Ir = IRL -

Ba + + ery
VT = E - In

#

A
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Fs = R-Shunt
G = Galvanameter (can only measure very small amounts of current)
Resistor put in place to not overload the galvanameter

• Rs is bigger

AVs = A vo

IsRs = Fo Ro
A= (Imax - [x)Rs = FoRc

Rs = FoRG//Imax - Ic

AVmax =AVo +AVs

v =
q

= IoRo + IGRs
= Io(Ra + Rs)

Rs =
Armax-loRYI
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Capacitors and Resistors

At t=0s, Q=0C (b/c the capacitor was uncharged before circuit activated)

At t=0

(Exponentiate to e to get rid of ln)

Q-max=CVb Time constant (bigger the time 
constant, the flatter the curve)

Loop RuleVO-VIRVo-- R = 0

=

&
= )dt

= Gt-Time into

Ja = -)dt
JQ

- )
= G +

St) = S+ In
- R

, Cdn = 6Q In- ) -Mn()=
& =

Samui
~

I

- R , C(n(a) = t + n

+ QIn-)=-
Ric=
Q =-R.
Q(t) = (V)) - 2 -p ,c) -

In()== -R,) 2 R , C = Te

->

https://goodnotes.com/


Time constant tells us how quick capacitor would charge 

Current:

Charge: Voltage:

t = 2

Q(t)= Qmax (l-e XV(t) = Qu(1 - =
+ /R, )

= Qmax(l-e") V(t) = Vo() - 2 +R, )
Q(t) =

.632Qmax > V(t) =. 632V

I(t)= = [Qmax (1 - = +.c)3
F(t) = Ppj - %Ri

=
->I(t)=

-/R , C

St
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Flipped switch:

At t=0, Q=Qmax

At t=0:

Rc = R

V = - VR

-r= -P/R
,

= -
=Si

S = Si
(n(Q)= - + 2(n(max) = 2

-S
1na= + In Qmax

InQ-MnQmax =-
In (Pamax) = e

-ac

Q(t) = Qmaxe +
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Summary:

At t=0, when circuit is just turned on, Q on capacitor is 0C

=
Q(t) = Qmax(l- e+)eChargins
V(t) = Vy(l - 2

- +Rc)

Q(t) = QmaxeYR) -> Discharging

RC = Time Constant = 2

t = 0
,
Vr = V & V = 0

ter
, V = V & Vr = 0

Chargins :

Q(z) = Qmax (1 -5)
-

=d 37 Qmax

Discharge :

Q(t) = Qmaxe YRC

Q (2) = Qmax/e =. 368Qmax
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Energy of Capacitor: E = 1/2QV or E=1/2CV^2
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