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Materials with constant resistance are said to  obey Ohm’s law and 
are called ohmic conductors. Experimentally, however, it is found 
that not all materials have this property. Materials and devices 
that do not obey Ohm’s law are said to be non-ohmic.

Ohmic Non-ohmic
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is Resistivity

Every Every ohmicohmic material has a characteristic resistivity that depends on the material has a characteristic resistivity that depends on the 
properties of the material properties of the material and on and on temperaturetemperature..

“An “An ideal conductor ideal conductor would have zero resistivity, and an would have zero resistivity, and an ideal insulator ideal insulator 
would have infinite resistivity”.would have infinite resistivity”.
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“the equivalent resistance of a series connection “the equivalent resistance of a series connection 
of resistors is the numerical sum of the of resistors is the numerical sum of the 
individual resistances and is individual resistances and is always greater than always greater than 
any individual resistance”any individual resistance”
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“the inverse of the equivalent resistance of two“the inverse of the equivalent resistance of two
or more resistors connected in parallel is equal to or more resistors connected in parallel is equal to 
the sum of the inverses of the individual resistances. the sum of the inverses of the individual resistances. 
Furthermore, the equivalent resistance is Furthermore, the equivalent resistance is always less always less 
than the smallest resistance in the groupthan the smallest resistance in the group”.”.
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What happens to the reading on the ammeter when the switch is 
opened?  (a) the reading goes up; (b) the reading goes down; 
(c) the reading does not change.
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What happens to the reading on the ammeter when the switch is closed? 
(a) the reading goes up; (b) the reading goes down; 
(c) the reading does not change.
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11. . Junction ruleJunction rule. The sum of the currents entering any junction in a circuit . The sum of the currents entering any junction in a circuit 
must equal the sum of the currents leaving that junction:must equal the sum of the currents leaving that junction:

22. . Loop ruleLoop rule. The sum of the potential differences across all elements around . The sum of the potential differences across all elements around 
any closed circuit loop must be zero:any closed circuit loop must be zero:
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“In order to solve a particular circuit “In order to solve a particular circuit 
problem, the number of independent problem, the number of independent 
equations you need to obtain from the equations you need to obtain from the 
two rules two rules equals the number of unknown equals the number of unknown 
currentscurrents””
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Chapter Chapter 2424
Mirrors, Lenses and Imaging SystemsMirrors, Lenses and Imaging Systems

24.1 Mirrors

24.2 Lenses

24.3 Image Formation

24.4 The Power of a Lens; Aberrations
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a distance p in front of a flat mirror. The distance p is called a distance p in front of a flat mirror. The distance p is called 
the the object distanceobject distance..

Point I is called Point I is called the image of the object at Othe image of the object at O

The distance q is called the The distance q is called the image distanceimage distance
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Images are classified as Images are classified as realreal or or virtualvirtual

A A real image real image is formed when light rays pass through and diverge from the is formed when light rays pass through and diverge from the 
image point; a image point; a virtual image virtual image is formed when the light rays do not pass is formed when the light rays do not pass 
through the image point but only appear to diverge from that point.through the image point but only appear to diverge from that point.

The image of an object seen in a flat mirror is The image of an object seen in a flat mirror is always virtualalways virtual. . 

ImagesImages are located either at a point from which rays of light are located either at a point from which rays of light 
actually diverge or at a point from which they appear to actually diverge or at a point from which they appear to 
divergediverge
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Because triangles Because triangles PQR and P’QR are congruent, PQ = P’Q. We PQR and P’QR are congruent, PQ = P’Q. We 
conclude that conclude that the image formed by an object the image formed by an object placed in front of placed in front of 
a flat mirror is as far behind the mirror as the object is in front a flat mirror is as far behind the mirror as the object is in front 
of the mirror.of the mirror.

Geometry also reveals that the objectGeometry also reveals that the object
height height h equals the image height h’. h equals the image height h’. Let usLet us
define define lateral magnification lateral magnification M M of an image as of an image as 
follows:follows:

For plane Mirrors M=1
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Note: Note: a flat mirror produces an image that has an a flat mirror produces an image that has an apparent apparent 

leftleft––right right reversalreversal. You can see this reversal by standing in . You can see this reversal by standing in 
front of a mirror and raising your right handfront of a mirror and raising your right hand
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Flat mirror has the following properties:Flat mirror has the following properties:

• The image is as far behind the mirror as the object is in front.• The image is as far behind the mirror as the object is in front.

• The image is unmagnified, virtual, and upright. (By upright we mean • The image is unmagnified, virtual, and upright. (By upright we mean 
that, if the object arrow points upward so does the image arrow.)that, if the object arrow points upward so does the image arrow.)

• The image has front• The image has front––back reversal.back reversal.

ريم بنت عائض الردادي. أ 20

the image of the stone seen by observer the image of the stone seen by observer 1 1 is at is at C. At which of the C. At which of the 
five points A, B, C, D, or E does observer five points A, B, C, D, or E does observer 2 2 see see the image?the image?
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Thin, spherical lenses: Thin, spherical lenses: these have two spherical surfaces or spherical these have two spherical surfaces or spherical 
and a plane surface and a thickness that is small compared to the radii and a plane surface and a thickness that is small compared to the radii 
of the surface.of the surface.

Convex lenses Concave lenses

thinner at the centre than 
at the edge

is thicker at its center than 
at the edge 
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Convex and concave lenses

Converging or Diverging?

convex lens

(converging lens)
concave lens

(diverging lens)
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Converging lens Diverging lens

bend the light 
inwards

bend the light 
outwards



22/05/31

13

ريم بنت عائض الردادي. أ 25

Key features of lenses

Converging lens

Parallel rays are refracted inwards.

principal 
focus

Refracted rays meet at a point called the principal focus F.

optical centre

Centre of the lens is called the optical centre C.

F

C

The distance of F from C is 
the focal length f of the lens.

focal length
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FF'

principal axis

FF'
C

The line through the optical centre and 2 foci is called 
the principal axis.

The focal length f is the distance from the center of
the lens to the focal pint

f  is  (+) for converging lenses

Converging lens
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Diverging lens Diverging lens 

principal 
focus

Parallel rays are refracted outwards.

Refracted rays appear to spread 
from a point called the principal 
focus F.

optical 
centre

FCentre of the lens is called 
the optical centre C.

C

focal length

The distance of F from C is
the focal length f of the lens
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F' FF' F

principal axis

C

lens has 2 principal foci

The line through the optical centre and 2 foci is 
called the principal axis

The focal length f is the distance from the center of
the lens to the focal pint

f  is  (–)  for diverging lenses



22/05/31

15

ريم بنت عائض الردادي. أ 29

Construction rulesConstruction rules
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Which one represents the path of the light ray?Which one represents the path of the light ray?

X

Y

Z

(A) Path X.

(B) Path Y.

(C) Path Z.

X

Y

Z

(A) Path X.

(B) Path Y.

(C) Path Z.


