
Chapter  23: M ir rors and Lenses 
 
 Real Image:  An image where light does in fact pass through the image. 
 Vir tual Image:  An image where light appears to come from the image but in 

actuality it does not. 
 For Mir rors and lenses:  Real images are inver ted.  Vir tual  images are upright.  

The distance to a real image is ALWAYS positive!  (Therefore, the distance to a 
virtual image is always negative)   

 
Flat Mirror 

¥ For any object in front of a mirror, the resulting image is as far behind the mirror 

as the object is in front   (q=-p) 
¥ q is the distance from the mirror to the image.  Distances on the same side of the 

mirror are positive 

¥ p is the distance from the mirror to the object.  For mirrors and lenses, p is 
always positive if there is only one mirror/lens! 

 
¥ The image is unmagnified and upr ight. 

 
Spherical Mirrors 
Concave 

¥ Center  of Curvature: in front of the mirror 
¥ Field of View:  smaller 
¥ Image distance:  greater 
¥ Image height: greater 
¥ Focus: R/2 

 
Convex: Opposite of Concave 

¥ Center  of Curvature: behind the mirror 
¥ Field of View:  greater 
¥ Image distance:  smaller 
¥ Image height: smaller 
¥ Focus: -R/2 

 
Mir ror 
Type 

Object 
Location 

 Image  Sign Sign 

  Location Type Or ientation Of f Of m 
Plane Anywhere Behind 

Mirror 
Virtual Upright N/A 1 

Concave Inside F Behind 
Mirror 

Virtual Upright +(R/2) + 

Concave Outside F In Front Real Inverted +(R/2) - 
Convex Anywhere Behind 

Mirror 
Virtual Upright -(R/2) + 



 
Two Important Equations! 
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Problem 1 
The image formed by a convex mirror is located a distance 53cm behind the mirror when 
the object is 112 cm in front of the mirror.  What is the radius of curvature of this mirror?  
(in cm) 

 
 
 
 
 
 
 
 
 
 
 
(a)661   (b) 100   (c)201   (d)727 
 

 
 
Thin Lenses 

¥ Still have same equations: 
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 But now sign conventions have changed 
 

Lens Type Object 
Location 

 Image  Sign Sign 

  Location Type Or ientation Of f Of m 
Converging Inside F In Front 

of lens 
Virtual Upright + + 

Converging Outside F Behind 
lens 

Real Inverted + - 

Diverging Anywhere In Front 
of lens 

Virtual Upright - + 

 
¥ P is always positive in one lens situation 



¥ Real images have positive distances and form on opposite side of lens 
 

¥ For a Two lens system: 21mmM =  
 
 
Problem 2 
An object is located 40cm from a converging lens that produces a real image three times 
the size of the object.  To make the image five times the size of the object, the object 
must be moved: 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a)14 cm farther away from the lens  (b) 20 cm farther away from the lens  
(c) 14 cm closer to the lens   (d) 4 cm closer to the lens 
  
 
Problem 3 
Light from an object passes through two lenses placed on the x-axis.  A diverging lens 
with focal length 1m is located at x=-.5m and a converging lens with a focal length .75 m 
is located at x=+.5m.  If the resultant image is real and at x= +2m, at what position on the 
x-axis is the original object located? 
 
 
 
 
 
 
 
 
 
 
 
 
(a)-1.0m  (b) 1.0m  (c) -1.5m  (d) -3.0m 
 



¥ Also have formula to calculate the focus of a lens:  
 
Lens makerÕs Equation 
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¥ R is positive when surface is convex (relative to the object) and negative when 

the surface is concave (relative to the object) 
 
Images formed due to Refraction 
 
 When an object forms an image from a refractive surface we can still calculate image 

height and magnification. 
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where n1 > n2 . 
 
 For refracting surfaces, real images are formed on the side opposite the object. 
 For mirrors the reverse is true. 
 Real images are always positive distances!!!!! 
 
Sign Conventions for Refracting Surfaces: 
 
  Positive   Negative 
 
p  object in front of surface object in back of surface 
q  image in back of surface image in front of surface 
hÕ  image is upright  image is inverted 
R  C is behind surface  C is in front of surface 



Problem 4 
An angeljack swims 5.27 m below the surface of a pool filled with dextrazene (much to 
the dismay of PETA).  If dextrazene has an index of refraction of 2.22 what is the 
apparent depth at which the beast swims? 
 
 
 
 
 
 
 
 
 
 
(a) 2.37m  (b) 1.0 m  (c) 8.5m  (d) 11.7 m 
 
 

Chapter  24: Wave Optics 
 
 

Inter ference 
 
 Interference is the result of two or more light waves overlapping at a given point. 
 
 This interference will maintain a given pattern if: 

 - the sources are coherent (they stay in phase) 
 - the sources have identical wavelengths. 
 
YoungÕs Double Slit Exper iment 
 

!" sind=  
 
Constructive Interference 
 
 Think of it as positive overlap - producing bright patches of light, br ight fr inges. 
 

!" md bright =sin
 

 
 
 
 
 
 



Destructive Interference 
 
 Negative overlap - dark patches, dark fr inges. 
 

!" )(sin 2
1+= md dark where m is 0, +/- 1, +/- 2, etc. 

 
 
 For two sources heading in the x-direction, we can locate the position of the dark and 

light patches along the y-direction starting from the center of the two sources: 
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Problem 5: 
 
A viewing screen is located a distance 2.2 m from a double-slit source separated by  
0.055 mm. The third order bright fringe is 7.75 cm from the centerline. What is the 
distance between adjacent bright fringes? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) 2.2 cm  (b) 2.6 cm  (c) 2.9 cm  (d) 3.1 cm 
 



Thin film inter ference 
 

- Light which reflects off a higher  index of refraction experiences a phase 
shift of 180¡ (half a wavelength) 

 
- Light which reflects off a lower index of refraction experiences no 

phase shift (0¡) 
 

If n2>n1 and n2>n3:                          !)
2

1
(2 += mnt     Bright spots    m=0,1,2,3,É . 

If n2<n1 and n2<n3            !mnt =2              Dark spots      m=0,1,2,3,É . 
 
 
 

If n2>n1 and n2<n3:                            !mnt =2              Bright spots      m=0,1,2,3,É.  

If n2<n1 and n2>n3   !)
2

1
(2 += mnt   Dark spots    m=0,1,2,3,É . 

 
Problem 6 
Ultraviolet light with a uniform intensity with wavelength 200-420nm is perpendicularly 
incident on a water film (n=1.33) with thickness of L=320nm that is suspended in air.  At 
what wavelength is the light reflected by the film brightest to a bee which observes in the 
UV? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) 210   (b) 280   (c)340   (d) 390 
 
 



Diffraction 
 
 Diffraction is the spreading out of light from its initial line of travel. 
 
 This usually occurs when waves pass through small openings (slits) or go around 

obstacles. 
 
 The result of diffraction is a pattern consisting of a bright and relatively wide central 

line (band), with a series of less intense bands (secondary maxima) on either side 
separated by an equal number of dark bands (minima). 

 
 for single slit diffraction, the dark patches, referred to as destructive interference are: 
 

a
mdark

!
" =sin

   ...3,2,1 ±±±=m  
where: a is the width of the slit, 
 and the angle is measured between the center of the slit and the distance to the dark 
patch on the y-axis. 
 
Problem 7: 
 
Light travels through a slit of width 0.25 mm before being observed on a screen 1.5 m 
from the slit. If the wavelength is 590 nm, what is the width of the bright central band? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) 7.1 mm  (b) 3.5 mm  (c) 2.4 mm  (d) 1.5 mm 
 
 



 
 
Diffraction Grating 
 
 A series of equally spaced parallel slits, causes light to form light and dark patches. 
 
 The light patches, referred to as maxima, can be found using: 
 

!" md bright =sin
           ...3,2,1,0=m  

where theta is the angle between each maxima, and d is the slit spacing and equals the 
inverse of the number of gratings per unit length. 
 
Problem 8 
A diffraction grating of width W produces a second-order pattern at an angle !  for light 
of wavelength " .  The total number of slits must be 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) (2W")sin!   (b)  (2")/sin!   (c) (W/2")sin!   (d) (W/" )sin!  



Polarization 
 

¥ An E field component parallel to the polarizing direction of polarizing sheet is 
passed.  Those that are perpendicular are absorbed. 

 
¥ Unpolarized light that passes through polarizing sheet will emerge with half its 

original intensity 
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¥ If light is already polarized, it emerges according to the equation 

!2cosinafter II =  

 
Problem 9 
 
Isotropic, unpolarized light leaves supernova remnant M16.  It then passes through three 
dust clouds that act as polarizing sheets.  The angles of polarization are 20¼, 70 ¼ and 50 ¼ 
with respect to the vertical.  What percentage of the initial intensity is transmitted? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) 47.8%  (b) 38.9 %  (c) 18.2%  (d) 78.2% 



 Chapter  25: Optical Instr uments  
 
 
Eyes and Lenses 
 
Near point:  Closest a person can see things clearly (any closer and itÕs blurry) 
Far point:  Farthest a person can see things clearly (any farther and itÕs blurry) 
 
Nearsighted 

¥ Image forms in front of retina (too close) 
¥ Correct with diverging lens 

 
Farsighted 

¥ Image forms behind retina (too far) 
¥ Correct with converging lens 

 

f
P

1
=    f is the focal length (in meters!!!!) 

Problem 10 
A personÕs near point is 25 cm and his far point is 1.5m.  His contact lenses are designed 
so that he can see objects that are infinitely far away.  What is the closest distance that he 
can see an object clearly when he wears his contacts? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a)  22cm  (b) 27cm  (c) 30cm  (d) 33 cm 
 



 
 
 
Simple lens 
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Microscope 
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Telescope 
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Resolving power  
 

RayleighÕs criterion is the limit for resolving two objects and occurs when the 
central maximum of one source falls on the first minimum of a second source (due 
to diffraction) 

 

a
!

" #min    for a slit    
D
!

" 22.1min =   for a circular aperature 

 
where a is the width of the slit and D is the diameter of the aperature 
 



Problem 11 
Dot matrices can be used to print things like the newspaper, or printer paper.  Assume the 
dot matrix that is used to print onto a poster has an average distance between the dots of 
.1mm. Use "=400nm. Assume that the diameter of the pupil of your eye is 1.5mm.  What 
is the least viewing distance from which you cannot resolve the dots used to create the 
dot matrix?  (in m) 
 
 
 
 
 
 
 
 
 
 
(a) .256m  (b).307m   (c)1.14m  (d) .56m 

 
Chapter  15: Electr ic Forces and Electr ic Fields 
 
 
CoulombÕs Law 
 
 The electr ic force, F, between two stationary charged particles can be calculated 

using the following equation: 
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where,  
q is the magnitude of the charge in coulombs 
ke is the constant = 8.99 x 109 N m2 / C2 

r  is the distance between the two charges. 
 
Electr ic Fields 
 The magnitude of an electr ic field, E, exerted by a charge at any distance from that 

charge can be calculated using the following equation: 
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where q0 represents a small positive charge. 



 
 Remember that the direction of the field is based on the charge. 
 
 If q is positive, the field points away from q. 
 If q is negative, the field points towards q. 
 To summarize, the arrow points in the direction that a positive charge would go 
 For equation sheet: Write down equations for E field due to charge arrangements:  i.e. 

infinite sheet of charge, dipole etc. 
 
Electr ic Flux 
 
 The electr ic flux, ! E, is a way of representing the extent to which an electric field 

passes through a given area, and is calculated using the following equation: 
 

! E  =  EAcos"  
 
 
where, 
A is the area of the surface through which the field passes 
"  is the angle between the plane perpendicular to the surface and the field. 
 
¥ If E is uniform and is perpendicular to the surface, then 

! E  =  EA 
 
 Remember that: 
 - flux lines going into a surface are negative. 
 - flux lines going out of a surface are positive. 
 
GaussÕs Law 
 
 For any closed sur face containing a net charge, Q, the electric flux can be calculated 

using the following equation: 
 

0
E !

Qenc
="

 

 
where, 
#0 is a constant called the permittivity of free space = 8.85 x 10-12 C2 / N m2 
There can never  NEVER be an electr ic field inside a conductor!!! 
 

 



Chapter  16: Electr ical Energy and Capacitance 
 
 
Potential Difference and Electr ic Potential Energy 
 
 
 Potential difference is a measure of the energy per charge required to move a charge 

from point A to point B and can be calculated using the following equation(s): 
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where, 
V is the potential difference (measured in Volts, V) 
d is the distance between points A and B 
PE is the electr ical potential energy. 
 
Point Charges 
 
 The electr ic potential created by a point charge can be calculated using the 

following: 
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 The electr ical potential energy of two charged particles can be calculated using the 

following: 
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Relating Potential with Work 
 
 The work done by electric forces on a charge can be represented in terms of a change 

in electrical potential energy and the potential difference between two points: 
 
 

W = - $PE =  -q(VB  -  VA) 



Capacitors 
 
 A capacitor is a device designed to store energy that can be retrieved when needed.  
 
 The amount of energy that can be stored is called the capacitance, C. 
 
 The capacitance, measured in Farads, is defined as follows: 
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where, 
Q is the magnitude of the charge on either plate/conductor 
$ V is the magnitude of the potential difference between the plates/conductors. 
A is the area of the plate 
d is the distance between plates 
 
 When capacitors are arranged in parallel: 
 

Ceq  =   C1 +  C2 + C3  + C4.... 
 
Each capacitor in parallel has the same voltage drop across it! 

 
 When capacitors are arranged in ser ies: 
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Each capacitor in series has the same charge on it! 

 
 
Work and Energy in a Charged Capacitor 
 
 We define the work required to charge a capacitor, and the energy stored as a result, 

with the following equation: 
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Problem 12 
A negative charge Q1= -1µC sits at x=0.  At positive charge Q2= 0.5µC sits at x=1m.  At 
which of the following values of x does the force on a charge vanish? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a)3.4m  (b) 2.2m  (c)2.4m   (d)0.6m 
 
 
Problem 13 
Two charges of 7µC are placed on the opposite corners of a square of sides a=20cm and 
charges of -4 µC and -2 µC are placed at the remaining two vertices.  What is the work 
required to bring in a charge +Q from infinity to the center of the configuration? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) -360,000Q (b) -610,000Q  (c)+510,000Q  (d)+270,000Q  
 



Problem 14 
If the plate area of a parallel plate capacitor is halved and the plate separation is doubled 
while the charge is held constant, the electric field between the plates is 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a)unchanged   (b) octupled  (c)halved  (d)doubled 
 

Chapter  17: Cur rent and Resistance 
 
 
Electr ic Current 
 
 Current is defined as the rate at which charge flows across an area: 
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where, 
I  represents the current, in Amperes, A 
t represents the time in seconds. 
n is the number of mobile charge carr iers per unit volume (aka. free charge density) 
q is the charge on each carrier 
v is the average dr ift speed that the carriers move at 
A is the cross-sectional area through which the carriers/charges travel 
 



Resistance - OhmÕs Law 
 
 Resistance, R - measured in Ohms (%), is defined as the ratio of voltage to current 

across a conductor: 
 

$ V  =  IR 
 
 
Resistivity 
 
 The degree of resistance of a conductor is referred to as resistivity, and is given by: 
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where, 
l is the length 
A is the cross-sectional area 
& is a constant unique for each material. 
 
Electr ical Energy and Power  
 
 The rate at which energy is delivered to a resistor is defined as power, P, and has 

units of Watts, W. 
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where the terms containing R represent the power delivered to a resistor. 
 



Chapter  18: Direct Cur rent Circuits 
 
Resistance - OhmÕs Law 
 

 Resistance, R - measured in Ohms (%), is defined as the ratio of voltage to 
current across a conductor: 

 

$ V  =  IR 
¥ Electromotive Force (EMF) Ð !  (epsilon) 
¥ For us, EMF is Voltage 
¥ Ideal EMF Device has no internal resistance 
 
 
Power 
 The rate at which energy is delivered to a resistor is defined as power, P, and has 

units of Watts, W. 
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where the terms containing R represent the power delivered to a resistor. 
 

 When resistors are arranged in ser ies: 
 

Req  =   R1 +  R2 + R3  + R4.... 
 
- Each resistor in series has the same current flowing through it! 
 
- Therefore, the resistors can be replaced by one resistor of Req with the same 

current flowing through it and same total voltage drop across it 
 

 When resistors are arranged in parallel: 
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- Each resistor in parallel has the same voltage drop across it! 
 
- Therefore, the resistors can be replaced by one resistor of Req with the same total 

current flowing through it and same voltage drop across each resistor 
 

¥ DONÕT BE FOOLED BY FUNNY CIRCUITS!! 
 



Multiloop Circuits 
 
KirchoffÕs Laws 
 
¥ Junction Rule:  The sum of the currents entering any junction must be equal to the 

sum of the currents leaving the junction 
¥ Loop Rule:  The sum of the changes in potential encountered in a complete 

traversal of any loop of a circuit must be zero 
¥ Resistance Rule:  When you move through a resistor in the direction of the 

current, subtract IR; in the ÒwrongÓ direction add IR 
¥ EMF Rule: When you move through a battery from negative to positive, add EMF.  

From positive to negative, subtract EMF 
 
 
RC Circuits 
 
¥ Two Equation for Charging a capacitor  

- one for Charge and Voltage (across capacitor) 
 

¥ Two Equation for Discharging a capacitor  
- one for Charge and Voltage (across capacitor) 
 

¥ Time Constant !  equals the RC.  This is the amount of time it takes for capacitor 
to charge (or discharge) 63%. 

 
 
Problem 15 
An ammeter with resistance 250# is inserted at point A in the circuit shown below.  How 
does the current through the 5000# resistor change from its previous value? P.155 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a)it does not change   (b) increases by 9µA   
(c)increases by 25 µA   (d)decreases by 25 µA 

 
Problem 16 



In the figure shown, an ideal battery of EMF = 12.0 V is connected to a network of 
resistances R1=6.0# , R2=12.0# , R3=4.0# , R_4=3.0# , and R5=5.0# . What is the power 
dissipated by resistor R3 ? 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) 6.7 W  (b) 20.0 W  (c)11.25W  (d)9.0W 
 
 



Chapter  19: Magnetism 
 
Forces due to Magnetic Fields 
 
 Opposite magnetic poles attract; L ike magnetic poles repel 
 A particle moving through a magnetic field experiences a force defined by: 
 

!sinqvBF =
 

 
where q is the charge, v is the velocity, and B is the magnetic field measured in Tesla, T. 
 
 
 To determine the direction of the force, use the r ight hand rule #1: 
 
With an open right hand, point your fingers in the direction of B, point your thumb in 
the direction of v, and the force of a positive charge points in the direction of your palm. 
 
Forces on a current-carrying conductor 
 
 For a conductor of length l, carrying a current, I: 
 

!sinIlBF =  
 
where the direction of F is determined using the right hand rule #1 with the direction of 
the current replacing the velocity. 
 
¥ Direction again given by Right Hand Rule #1 
 
Torque on a Current Loop 
 
 For any looped conductor carrying a current, the torque can be measured by: 
 

!" sinNBIA=  
 
where N is the number of coils in the loop, and A is the area of loop that the magnetic 
field passes through and !  is the angle between the B-field and a line perpendicular to the 
plane of the loop 
 
 
 
 
 
 



Circular motion of a charged particle  
 
 When a charged particle moves with a velocity perpendicular to a magnetic field, 

it undergoes circular motion due to the magnetic force which is always pointing 
towards the center  of the circular path. 

 
 The radius of this path is determined by: 
 

qB
mv

r =
 

where m is the mass. 
 
Magnetic Field due to Current 
 
 A current traveling along a straight wire will produce a magnetic field. 
 
 To determine the direction of the field use r ight hand rule #2: 
 
Imagine grasping the wire with your right hand and pointing your thumb in the 
direction of the current. Your fingers curl in the direction of the magnetic field. 
 
 The magnitude of the magnetic field at a distance r from the wire is: 
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where µ is a constant called the permeability of free space and equals 4'  x 10-7 Tm/A. 
 
¥ According to AmpereÕs Law, I is the enclosed current 
 
 
Magnetic Force due to Two Parallel Wires 
 
 When two wires carrying current are placed parallel to one another and are 

separated by a distance, d, the force per  unit length acting on each wire is: 
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- If the current is in the same direction, the wires attract 
- If the currents are in opposite directions, the wires repel 



 
Magnetic Field of a Current Loop 
 
¥ Determined using Right Hand Rule #2 
 
¥ The magnetic field inside a Solenoid: 

InB oµ=  
 - n is the # of turns per unit length 

- For an ideal solenoid, the magnetic field outside is zero 
 - Direction given by Right Hand Rule #2 
 
Problem 17 
An electron is accelerated from rest by a 10000V potential.  It then enters a B field 
(oriented perpendicular to the velocity of the electron) such that the electron makes a 
circular orbit of radius 0.25mm.  What is the magnitude of the B field (in T)? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) 1.35  (b)1.35 x 10 -̂3  (c)0.95   (d)0.62 
  



Problem 18 
Two long straight wires are separated by a distance 20cm and carry currents in opposite 
directions.  The ratio of the current values I1/I2=6.  What is the value of the magnetic field 
at a point located midway between the wires (in terms of I1)? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a)(2 x 10-6)I1  (b) (2.33 x 10-6)I1 (c) (3.33 x 10-6)I1  (d)(1.2 x 10-6)I1 
 

Chapter  20: Induced Voltage and Inductance 
 
Magnetic Flux 
 
 Magnetic Flux is a way of representing the degree to which a magnetic field passes 

through a loop with a given area. 
 
 It is defined as: 
 

!cosBAB ="
 

 
where the angle is measured between the fieldÕs direction and the line perpendicular to 
the loop. 
 
 



Faraday’s Law 
 
 As the magnetic field through a conductor changes over time, so too does the 

magnetic flux, causing an emf voltage to be induced.  Thus an induced current can 
occur. 

 
 The total emf induced is found by: 
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where N is the number of loops. 
 
Lenz’s Law 
 
The direction of the induced current is such that it opposes the change in the magnetic 
flux through the loop 
 
 
Motional EMF 
 
¥ When a conductor moves through a magnetic field a potential difference develops 

between the ends of the conductor according to this equation: 

BlvElV ==!  
 

¥ If the moving conductor is part of a closed conducting path, then an EMF is 
induced with direction given by LenzÕs Law and magnitude: 
 

BLV=!  
 



Problem 19 
A circular loop of wire (r=2.2 cm) is located at the center of a solenoid with R=10 cm 
with its axis aligned parallel to that of the solenoid.  The windings and current of the 
solenoid are clockwise when viewed from above.  If the current in the solenoid is 
increased, which direction will the induced current be in the loop when viewed from 
above? 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a)clockwise        (b) counterclockwise    (c) no current     (d) it explodes 
 
Problem 20 
A Gaussian surface in the shape of a right circular cylinder with end caps has a radius of 
12.0 cm and a length of 80.0 cm. Through one end there is an inward magnetic flux of 25 
mWb. At the other end there is a uniform magnetic field which gives rise to a flux of 72.4 
mWb, directed outward. What is the net magnetic flux through the curved surface? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a)47.4 mWb inward    (b) 87.5 mWb outward   
(c) 47.4 mWb outward   (d) 87.5 mWb inward 

 



Chapter  21: Alternating Cur rent Circuits and Electromagnetic 
Waves 
 
Alternating Current 
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Circuits 
 
Forced Oscillations (Alternating Current) 
 
Purely Resistive 

RIV
rmsrms

=   V and I are in phase 

 
Purely Capacitative 

CrmsCrmsC XIV ,. =  V and I out of phase by 90 degrees (I leads) 

 
Purely Inductive 

LrmsLrmsL XIV ,, =  V and I out of phase by 90 degrees (I lags) 

 
Xc and XL are the capacitative and inductive reactances 
 

fC
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1
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¥ Phasors explain behavior of these circuits  

 
 



RLC Circuit 

ZIV maxmax =    
22 )( CL XXRZ ++=  

R
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Three Cases 

¥ XL > XC 
 
 

¥ XC > XL 
 

 
¥ XC = XL 
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Power in AC Circuits 
 

RIP rmsavg
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Problem 21: 
A generator with an adjustable frequency of oscillation is connected in series to a 
resistance R, a capacitor of C = 5.0F, and an inductor of inductance L. The amplitude of 
the current produced in the circuit by the generator is maximized when the generatorÕs 
frequency is 1.4 kHz. What is L (in henries)? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) 3.89nH              (b) 832nH   (c) 12 nH  (d) 2.6nH 



 
 
 
 
Transformers 
 

- A transformer is a device that either steps up or steps down voltage.  Note that 
Power is ALWAYS CONSERVED by the transformer!!! 

 
- It is able to do this due to induction 
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Problem 22 

A transmission line that has a resistance per unit length of 2.75 x 10-4 $ /m is used to 
transmit 4.00 MW over 3.140 x 105 m.  The output voltage of the generator is 2.7 kV.  
If a transformer steps the voltage up to 400 kV before transmission, which of the 
following statements are true? 
 
I. The percentage of power lost is: .216% 
II. The percentage of power lost is: 4.7% 
III. The ratio of the number of turns in the secondary to the primary is: 148 
IV. The ratio of the number of turns in the secondary to the primary is: 63 
V. The transformer increases the total output of the generator 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) I, III, V  (b) I, III (c) II, IV, V  (d) II, III (e) I, IV 



 
¥ L ight is a Wave!!  (and a transverse wave at that) 
¥ Composed of electr ic and magnetic portion (hence the nameÉ)  
¥ This means that an EM wave traveling in the x-direction will have an electr ic 

field oscillating in the y-direction, and a magnetic field oscillating in the z-
direction. 
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Velocity of light is independent of all wave properties in a vacuum 
 

¥ Light follows the same basic relation as all other waves: 
fv !=  which for light meansÉ fc !=  

¥ Understand how the light spectrum works 
 
 

¥ The power of an EM wave over  a given area, known as the intensity, I , is 
defined by the following equations: 
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Problem 23 
What is the amplitude of the electric field component of light 10m from a standard 100W 
light source? 
 
 
 
 
 
 
 
 
 
 
 
 
(a)7.75  (b)2.82   (c) 13.4    (d) 4208.4m 
 

Chapter  22: Reflection and Refr action of Li ght 
 
Energy of L ight 
 
 Einstein developed a theory that light is composed of little packets called quanta, now 

referred to as photons. 
 
 The energy of a photon is related to its frequency, f, using the following equation: 
 

E = hf 
 
where h is planckÕs constant = 6.63 x 10-34 Js. 
 
 
Reflection 
 
 When light is reflected off a surface, the angle of reflection can be predicted by the 

angle of incidence (the angle perpendicular to the surface): 
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Refraction 
 
 When light travels from one medium to another, its speed changes, causing it to alter 

its direction.  
 
 This is referred to as refraction. 
 
 The degree to which its speed alters is based on the index of refraction, n, for a 

given medium. 
 

v
c

n =
 

where v is the speed within the medium. 
 
 In air, the index of refraction is approximately 1.00. 
 
 
 
 
Reflection and Refraction 

¥ Before anything, remember that all angles are for these equations are WI TH 
RESPECT TO THE VERTICAL!!! 

 
¥ A reflected light wave has an angle of reflection equal the angle of incidence: 
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Refraction 
 When light travels from one medium to another, its speed changes, causing it to alter 

its direction.  
 
 This is referred to as refraction. 
 
 The degree to which its speed alters is based on the index of refraction, n, for a 

given medium. 
 

v
c

n =
 

where v is the speed within the medium. 
 
 



¥ Refracted light rays obey SnellÕs Law: 
 

2211 sinsin !! nn =  
 

¥ Air  and vacuum have n=1 where n is the index of refraction 
 
¥ If n2 is greater  than n1, the refracted angle will be less than the incident angle 

(bent towards the normal) 
 

¥ If n2 is less than n1, the refracted angle will be greater  than the incident angle 
(bent away from the normal) 

 
¥ Eventually a light ray can be bent far away from the normal enough to where it 

canÕt escape.  This is total internal reflection!  Note this can only happen if n2 
is less than n1. 
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Understanding the Rainbow (Dispersion) 
 
¥ Different wavelengths of light have different indices of refraction.  Thus they are bent 

by different amounts 
 
 Thus when white light from the sun passes through the surface of a water molecule 

its components are refracted by varying degrees. 
 
 Essentially, the red end of the visible spectrum is refracted least, and the violet end is 

refracted most. 
 
 Thus the beam of light is split into its individual colors, which is what we see when a 

rainbow appears. 
 



Problem 24 
 
A thirsty man lies face down on a dock and looking at the lake bottom. If cans of beer are 
spaced every 1.5 feet from the dock, how many can the man see if the lake is 12 ft deep? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) 12   (b) 9   (c) 8   (d) 6 
 
 


