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MIRRORS AND  LENSES



Flat MirrorFlat Mirror
Simplest possibleSimplest possibleSimplest possible Simplest possible 
mirrormirror
Properties of the Properties of the pp
image can be image can be 
determined by determined by 
geometrygeometry
One ray starts at P, One ray starts at P, 
f ll h PQ df ll h PQ dfollows path PQ and follows path PQ and 
reflects back on itselfreflects back on itself
A d f llA d f llA second ray follows A second ray follows 
path PR and reflects path PR and reflects 
according to the Lawaccording to the Law

The image is behind the mirrorThe image is behind the mirror asas
the object is in front:the object is in front: q = pq = paccording to the Law according to the Law 

of Reflectionof Reflection
the object is in front:the object is in front: q  pq  p
The image is unmagnified:The image is unmagnified:
h’ = h and M = 1h’ = h and M = 1



Properties of the Image Formed by a Properties of the Image Formed by a 
Flat MirrorFlat MirrorFlat MirrorFlat Mirror

The image is virtualThe image is virtualThe image is virtualThe image is virtual

The image is uprightThe image is uprightThe image is uprightThe image is upright
It has the same orientation as the objectIt has the same orientation as the object

There is an apparent leftThere is an apparent left--right reversal in the right reversal in the 
iiimageimage
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Formation Formation of Images by Spherical of Images by Spherical 
MirrorsMirrors

Spherical mirrors are shaped like sections of a 
sphere, and may be reflective on either the

MirrorsMirrors

sphere, and may be reflective on either the 
inside (concave) or outside (convex).

Note that θr = θi for each ray



Concave Mirror, NotationConcave Mirror, Notation
The mirror has aThe mirror has aThe mirror has a The mirror has a 
radius of curvatureradius of curvature
of Rof Rof Rof R
Its Its center of center of 
curvaturecurvature is theis thecurvaturecurvature is the is the 
point Cpoint C
Point V is the center Point V is the center o t s t e ce teo t s t e ce te
of the spherical of the spherical 
segmentsegment
A line drawn from C A line drawn from C 
to V is called the to V is called the 
principle axisprinciple axis of the of the 
mirrormirror 5



Focal LengthFocal Length
If an object is very far If an object is very far 
away, then paway, then p→∞→∞ and and 
1/p 1/p →→ 00
Incoming rays are Incoming rays are 
essentially parallelessentially parallelessentially parallelessentially parallel
In this special case, the In this special case, the 
image point is called theimage point is called theimage point is called the image point is called the 
focal pointfocal point
The distance from the The distance from the 
mirror to the focal point mirror to the focal point 
is called the is called the focal lengthfocal length

The focal length is ½ theThe focal length is ½ theThe focal length is ½ the The focal length is ½ the 
radius of curvatureradius of curvature
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Focal Point and Focal LengthFocal Point and Focal LengthFocal Point and Focal LengthFocal Point and Focal Length

The focal point is dependent solely on the The focal point is dependent solely on the p p yp p y
curvature of the mirror, not by the location curvature of the mirror, not by the location 
of the objectof the objectjj
f = R / 2f = R / 2
The mirror equation can be expressed asThe mirror equation can be expressed asThe mirror equation can be expressed asThe mirror equation can be expressed as

f
1

q
1

p
1

=+
fqp
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Notation for MirrorsNotation for Mirrors
The The object distanceobject distance is the distance from is the distance from 
the object to the mirror or lensthe object to the mirror or lensjj

Denoted by Denoted by p or dp or d00
TheThe image distanceimage distance is the distance fromis the distance fromThe The image distanceimage distance is the distance from is the distance from 
the image to the mirror or lensthe image to the mirror or lens

Denoted byDenoted by q orq or ddiiDenoted by Denoted by q or q or ddii
The The lateral magnificationlateral magnification of the mirror or of the mirror or 
lens is the ratio of the image height tolens is the ratio of the image height tolens is the ratio of the image height to lens is the ratio of the image height to 
the object heightthe object height

Denoted byDenoted by MMDenoted by Denoted by MM
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The Rays in a Ray DiagramThe Rays in a Ray DiagramThe Rays in a Ray DiagramThe Rays in a Ray Diagram
Ray 1 is drawn parallel to the principle Ray 1 is drawn parallel to the principle 
axis and is reflected back through the axis and is reflected back through the 
focal point, Ffocal point, F
Ray 2 is drawn through the focal point Ray 2 is drawn through the focal point 
and is reflected parallel to the principle and is reflected parallel to the principle p p pp p p
axisaxis
Ray 3 is drawn through the center ofRay 3 is drawn through the center ofRay 3 is drawn through the center of Ray 3 is drawn through the center of 
curvature and is reflected back on itselfcurvature and is reflected back on itself
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The intersection of these three rays 
gives the position of the image of thatgives the position of the image of that 
point on the object. To get a full 
image we can do the same with otherimage, we can do the same with other 
points (two points suffice for may 

)purposes).



Ray Diagram for Concave Mirror, Ray Diagram for Concave Mirror, 
p > Rp > Rp > Rp > R

The object is outside the center of curvature of the The object is outside the center of curvature of the 
mirrormirrormirrormirror
The image is realThe image is real
The image is invertedThe image is invertedThe image is invertedThe image is inverted
The image is smaller than the objectThe image is smaller than the object 12



Image Formed by a Concave Image Formed by a Concave 
MirrorMirrorMirrorMirror

Geometry shows Geometry shows yy
the relationship the relationship 
between the between the 

d bd bimage and object image and object 
distancesdistances

R
211

=+
Rqp
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Ray Diagram for a Concave Mirror, 
p < fp < f

Th bj t i b t th i d th f l i tTh bj t i b t th i d th f l i tThe object is between the mirror and the focal pointThe object is between the mirror and the focal point
The image is virtualThe image is virtual
The image is uprightThe image is uprightThe image is uprightThe image is upright
The image is larger than the objectThe image is larger than the object 14



Geometrically, we can derive 
an equation that relates thean equation that relates the 
object distance, image 
distance and focal length ofdistance, and focal length of 
the mirror:



We can also find the magnification (ratio of image g ( g
height to object height):

The negative sign indicates that the image is e egat e s g d cates t at t e age s
inverted. This object is between the center of 
curvature and the focal point, and its image is 
larger, inverted, and real.



Image Formed by a Concave MirrorImage Formed by a Concave MirrorImage Formed by a Concave MirrorImage Formed by a Concave Mirror

Geometry can also be used to determineGeometry can also be used to determineGeometry can also be used to determine Geometry can also be used to determine 
the magnification of the imagethe magnification of the image

'h qM = = −
h p

h’ is negative when the image is inverted with h’ is negative when the image is inverted with 
respect to the objectrespect to the object
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Convex MirrorsConvex Mirrors

A convex mirror is sometimes called a A convex mirror is sometimes called a diverging diverging 
mirrormirrormirrormirror
The rays from any point on the object diverge after The rays from any point on the object diverge after 
reflection as though they were coming from some reflection as though they were coming from some 

i b hi d h ii b hi d h ipoint behind the mirror point behind the mirror 
The image is virtual because it lies behind the The image is virtual because it lies behind the 
mirror at the point where the reflected rays appearmirror at the point where the reflected rays appearmirror at the point where the reflected rays appear mirror at the point where the reflected rays appear 
to originateto originate
In general, the image formed by a convex mirror isIn general, the image formed by a convex mirror isIn general, the image formed by a convex mirror is In general, the image formed by a convex mirror is 
upright, virtual, and smaller than the objectupright, virtual, and smaller than the object
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Ray Diagram for a Convex MirrorRay Diagram for a Convex Mirror

The object is in front of a convex mirrorThe object is in front of a convex mirrorThe object is in front of a convex mirrorThe object is in front of a convex mirror
The image is virtualThe image is virtual
The image is uprightThe image is uprightThe image is uprightThe image is upright
The image is smaller than the objectThe image is smaller than the object 19



Image Formed by a Convex MirrorImage Formed by a Convex Mirror
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Notes on ImagesNotes on Images
With a concave mirror, the image may be either real With a concave mirror, the image may be either real 
or virtualor virtualor virtualor virtual

When the object is outside the focal point, the image is When the object is outside the focal point, the image is 
realreal
When the object is at the focal point the image is infinitelWhen the object is at the focal point the image is infinitelWhen the object is at the focal point, the image is infinitely When the object is at the focal point, the image is infinitely 
far awayfar away
When the object is between the mirror and the focal point, When the object is between the mirror and the focal point, 
the image is virtualthe image is virtual

With a convex mirror, the image is always virtual and With a convex mirror, the image is always virtual and 
uprightuprightuprightupright

As the object distance increases, the virtual image gets As the object distance increases, the virtual image gets 
smallersmaller
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Sign Conventions for MirrorsSign Conventions for Mirrors

QuantityQuantity Positive WhenPositive When Negative WhenNegative When

Object location (p)Object location (p) Object is in front of Object is in front of 
the mirrorthe mirror

Object is behind Object is behind 
the mirrorthe mirrort e ot e o t e ot e o

Image location (q)Image location (q) Image is behind Image is behind 
mirrormirror

Image is in front of Image is in front of 
mirrormirror

Image height (h’)Image height (h’) Image is uprightImage is upright Image is invertedImage is inverted

Focal length (f) and Focal length (f) and 
radius (R) radius (R) 

Mirror is concaveMirror is concave Mirror is convexMirror is convex

Magnification (M)Magnification (M) Image is uprightImage is upright Image is invertedImage is inverted
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