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Mirrors and LensesMirrors and Lenses

PHYSICS@phuhs.schrock

Reflection from Plane Mirrors

� Almost 4000 years ago, Egyptians understood 
that reflection requires smooth surfaces.  They 
used polished metal mirrors.

� 1857, a method of coating glass with silver was 
developed.

Line of Sight

� Ray Model of Light:

� Light is represented as a rayray that travels in a straight
path

� In order to view an object, you must sight along 
a line at that object; 

� light will come from that object to your eye along the 
line of sight. 

Law of Reflection

� The angle of incidenceincidence (qi) is equal to the angle 
of reflectionreflection (qr)

� Angles are measured from the normalnormal
� Imaginary line ^ to the surface

http://www.glenbrook.k12.il.us/gbssci/Phys/mmedia/optics/lr.html

Law of Reflection

� Consider the diagram at the right. Which one of 
the angles (A, B, C, or D) is the angle of 
incidence? 

� Which one of the angles is the angle of 
reflection? 

Law of Reflection

� A ray of light is incident towards a plane mirror 
at an angle of 30-degrees with the mirror 
surface. 

� What will be the angle of reflection? 
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Law of Reflection

�� Specular reflectionSpecular reflection is 
caused by a smooth surface, 
in which parallel light rays 
are reflected in parallel.

�� Diffuse reflectionDiffuse reflection is caused 
by the scattering of light off a 
rough surface.

Law of Reflection

� The law of reflection applies to both smooth and rough
surfaces.

� However, on a microscopic scale, the normalsnormals to the 
surface locations where the rays strike are not parallel. 
Thus, the reflected rays cannot be parallel.

� In this case, a reflected beam cannot be seen because 
the reflected rays are scattered in different directions.

Objects and Plane-Mirror Images

�� plane mirrorplane mirror

� is a flat, smooth surface from which light is 
reflected by specular reflection

�� objectobject

� is a source of light rays that are to be 
reflected by a mirrored surface. 

� An object can be a luminous source, 
such as a lightbulb, or an
illuminated source, such as a 
girl, as shown in the picture.

Objects and Plane-Mirror Images

� Light reflects diffusely from the crest of the bird

� What does the boy see?  

� Because his brain processes this information as if the 
light has traveled a straight path, it seems to the boy as 
if the light had followed the dashed lines

Objects and Plane-Mirror Images

� The light seems to have come from a point behind the 
mirror, the image point.

� The combination of the image points produced by 
reflected light rays forms the imageimage of the bird. 

� It is a virtual imagevirtual image, which is a type of image formed by 
diverging light rays.

�� Virtual imageVirtual image is an image that forms at a point from 
which light rays appear to come but do NOT actually 
come.

Objects and Plane-Mirror Images

� A virtual imagevirtual image is always on the opposite side of the 
mirror from the object. 

� Images of objects produced by plane mirrors are 
always virtual imagesvirtual images.

� object distance (do) = image distance (d i)

� object height (ho) = image height (h i)
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Virtual Image

� an image is a position in 
space where all the reflected 
light appears to diverge from. 

� Virtual images are images 
which are formed in locations 
where light does not actually 
reach. 

� The eye and mind assume that 
light rays are coming in 
straight lines from the image 
“behind” the mirror

Virtual Image

� Light does not actually pass 
through the location on the 
other side of the mirror; 

� it only appears to an observer 
as though the light were 
coming from this position. 

� Whenever a mirror (whether 
a plane mirror or otherwise) 
creates an image which is 
virtualvirtual, it will be located 
behind the mirror where light 
does not really pass. 

Objects and Plane-Mirror Images

� Image Formation for Plane Mirrors

http://www.glenbrook.k12.il.us/gbssci/phys/mmedia/optics/ifpm.html

Objects and Plane-Mirror Images

� Image location can be predicted with ray 
diagrams.

�� Ray diagramRay diagram is a drawing that uses geometry 
to locate an image formed by a mirror

� Draw two rays on the diagram:

� 1st ray from top of object ^ to mirror’s surface

� 2nd ray from top of object to mirror’s surface at qqqqI

� Trace both rays back to the point from which 
they appear to have originated (dashed lines)

Objects and Plane-Mirror Images

� do = d i ho = h i image type: virtual

do di

hi
ho

Curved Mirrors

� In a concave mirrorconcave mirror, the mirror is shaped as if 
it were a section of a hollow sphere with an 
inner reflective surface.

� The mirror has the same geometric center, C, 
and radius of curvature, r, as a sphere 
of radius, r.
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Curved Mirrors

� The line that passes through line segment CM 
is the principal axisprincipal axis, which is the straight line 
perpendicular to the surface of the mirror that 
divides the mirror in half.

� Point M is the center of the mirror where the 
principal axis intersects the mirror.

Curved Mirrors

� The Sun is a source of parallel light rays 
because it is very far away. 

� All of the light that comes directly from the Sun 
must follow almost parallel paths to Earth

� When you point the principal axis of a concave 
mirror toward the Sun, all the rays are reflected 
through a single point. 

� You can locate this point by moving a sheet of paper 
toward and away from the mirror until the smallest 
and sharpest spot of sunlight is focused on the 
paper. 

Curved Mirrors

� This spot is called the focal point (F)focal point (F), 

� the point where incident light rays that are parallel to 
the principal axis converge after reflecting from the 
mirror.

� The figure shows that a ray parallel to the principal 
axis is reflected and crosses the principal axis at 
point F, the focal point.

Curved Mirrors

� F is at the halfway point between M and C. 

� The focal length, f,focal length, f, is the position of the focal 
point with respect to a mirror along the principal 
axis and can be expressed as f = r/2f = r/2.

� The focal length is positive for a concave mirror.

Ray Diagrams

� drawings that uses geometry to locate an image 
formed by a mirror

� A ray diagram shows how rays change 
direction when they strike mirrors and pass 
through lenses.

http://www.glenbrook.k12.il.us/gbssci/phys/Class/refln/u13l3b.html

Ray Diagrams

� Ray diagrams are useful for determining the 
locations of images formed by curved mirrors.
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Ray Diagrams

� do > F

Ray Diagrams

� do = F

Ray Diagrams

� do < F

Mirror Equation

� Mathematical Method of Locating the Image

� The reciprocal of the focal length (f) of a spherical 
mirror is equal to the sum of the reciprocals of the 
image position ( d i ) and the object position ( do ).
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Magnification (m)

� is a property of spherical mirrors which refers to 
how much larger or smaller an image is relative 
to the object. 

� defined as the image height ( h i ) divided by 
the object height ( ho ), which is equal to the 
negative of the image position ( d i ), divided by 
the object distance ( do ).
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Magnification (m)

� If the magnification is negativenegative,

� the image is inverted compared to the object. 
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