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Resistance
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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.

1 I
Slope = }‘ﬁ
/] B ~ :
Ohmic Non-ohmic
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Resistance of a uniform R

£
material along the length ¢ LY

p is Resistivity where p has the units ohm-meters ({1 m).

Every ohmic material has a characteristic resistivity that depends on the
properties of the material and on temperature.

Resistivity is the inverse of
conductivity p=—

“An ideal conductor would have zero resistivity, and an ideal insulator
would have infinite resistivity”.
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Resistivities and Temperature Coefficients of Resistivity

for Various Materials

Temperature
Material Resistivity(Q2-m)  Coefficient” a[(°C)™!]
Silver 1.59 x 10~ 8 8.8 x 1074
Copper 1.7 x 10—8 3.9 x 1073
Gold 2.44 x 1078 8.4 %1079
Aluminum 2.82 x 1078 8.9 x 1073
Tungsten 5.6 % 1078 45 x 1073
Tron 10 x 10~% 50 x 1073
Platinum 11 x 10— 8 3.92 x 10~ 3
Lead 292 x 1078 3.9 x 1073
Nichrome® 1.50 x 1075 0.4 x 103
Carbon 85 % 1077 —05x 1077
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Example

Calculate the resistance of an aluminum cylinder that
has a length of 10.0 cm and a crosssectional area of
200 x 10~ m2. Repeat the calculation for a cylinder of the
same dimensions and made of glass having a resistivity of
3.0 x 10V Q- m.

¢ 0.100 m
R=p— = (282 x 10~2 Q- —)
Py = (282 m)(Q.OOX 10 m?
= 141x107°Q

Similarly, for glass we find that

0.100 m )
200 % 10”4 m?2

¢
R Py (3.0 X 10" Q-m) (

1.5 x 10% Q
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Resistors in Series and Parallel

in Series
Ii=E=1| |AV=1IR, + IRy = I(R, + Ry)
Req= Ry +Ry AV=IR,,

Req=R1+RQ+R3+"‘

“the equivalent resistance of a series connection

of resistors is the numerical sum of the

individual resistances and is always greater than

any individual resistance”
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in Parallel

1= [1 +fg &q:&‘rE:AV
1 1 1 J _ AV
I, =
R, R Ry Req
1 1 1 1
=—+—+—+
Req R Ry

“the inverse of the equivalent resistance of two
or more resistors connected in parallel is equal to

the sum of the inverses of the individual resistances.
Furthermore, the equivalent resistance is always less / 1

than the smallest resistance in the group”.
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Quick Quiz

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.

A — AW

I’y R’y

N
Ry Z L _A_/I Ry / |\A
Q
il 1
! bl
Switch closed Switch open

(b). When the switch is opened, resistors Ry and Ry are in
series, so that the total circuit resistance is larger than when
the switch was closed. As a result, the current decreases.
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Quick Quiz

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.

N R,
|_O AAA ;\N‘
R,

Yyy
R’y
. N
[ A | A
A .
e
Switch open Switch closed

{a). When the switch is closed, resistors K| and Rs are
in parallel, so that the total circuit resistance is smaller
than when the switch was open. As a result, the current
increases.
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(a) Find the equivalent resistance between points « and b
in Figure P28.6. (b) A potental difference of 34.0V is
applied between points a and 6. Calculate the current in
each resistor.

7.00 Q2

1 4.00 Q 9.00 Q
@  R,= 4120
P (1/7.00 Q)+(1/10.0 Q)

R,=R, +R, +R; =400+412+9.00=[171Q 44
®)  AV=IR
340V =1I(1710)

h
I=[199 A | for 4.00 ©, 9.00 Q resistors. “

Applying AV=IR, (199 A)(412 Q)=818V

818V =I(7.00 Q)
50 I=|117 A | for 7.00 € resistor

8.18 V=1(10.0 Q)

so I=|0.818 A | for 10.0 Q resistor.
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Kirchhoff’'s Rules

1. Junction rule. The sum of the currents entering any junction in a circuit
must equal the sum of the currents leaving that junction:

EIin = Efout

) Lh=K+1L

2. Loop rule. The sum of the potential differences across all elements around
any closed circuit loop must be zero:

Y Av=0
closed

loop
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1L,
(a) ——MN—2
“ AV= —IR b
. - I
“In order to solve a particular circuit ~—
: — MA——
problem, the number of independent b3 AVe IR b
equations you need to obtain from the
two rules equals the number of unknown
currents” &
" -yl -
(c) ; L] g
AV= +E
£
(@) o Hi= .
¢ AV= _E
@ aile Gy AN
Find the currents 7}, I, and J in the circuit shown in Figure
{1) Il + I 9 = I 3
14.0%
. - |=_ ;@ abeda 100V — (6.0 Q) 1} — (20 Q) I5=0

(3) beftb 140V + (60 )T, = 100V = (40 Q) I, =0
SwQ 112

Substituting Equz_ltion (1) into Equation (2)

b—r—_l }+—M—Il<l ¢
v 6.0Q I
10.0 3 10,0V — (6.0 — (20Q) ([ + 1) =0
(4) 10,0V = (800 + (2.00) 1
e
2.0Q
@Il e iy VY
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Dividing each term in Equation (3) by 2

(5) —120V=—-(3.00)0 + (20 Q)]s
14.0%
|I 7 Subtracting Equation (5) from Equation (4) eliminates /o,
¢ I
) -
| 22,0V = (11.0 Q)
§ 100 112 hH= 20A
b e I + —= - Using this value of [} in Equation (5) gives a value for f:
10.0V 6.0 l;s (20 M = (3.0 M), — 120V
= (3.00)(2.04A) —120V =—-6.0V
Iy= —30A
a-b—%—n d
20Q Finally,
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Chapter 24
Mirrors, 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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Flat Mirrors

a distance p in front of a flat mirror. The distance p is called
the object distance.

Point I is called the image of the object at O

The distance q is called the image distance

Mirror

@ aile Gy

Images

Images are located either at a point from which rays of light

actually diverge or at a point from which they appear to
diverge

Images are classified as real or virtual

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

The image of an object seen in a flat mirror is always virtual.
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Because triangles PQR and P’QR are congruent, PQ = P’Q. We
conclude that the image formed by an object placed in front of
a flat mirror is as far behind the mirror as the object is in front
of the mirror.

p_0Q q ’
2 Y gl | =
Geometry also reveals that the object ZARN ~a Lo TLA
height h equals the image height h’. Let us h o/~ Rl -~ K
}ielflme lateral magnification M of an image as Object BA\ F—
ollows: L .

M= Image height _ A"
"7 Object height &

For plane Mirrors M=1

@ mile Gy VY

Note: aflat mirror produces an image that has an apparent
left-right reversal. You can see this reversal by standing in
front of a mirror and raising your right hand
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Flat mirror has the following properties:

* 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
that, if the object arrow points upward so does the image arrow.)

* The image has front-back reversal.
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Quick Quiz

the image of the stone seen by observer 1 is at C. At which of the
five points A, B, C, D, or E does observer 2 see the image?
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Answers
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Lenses

Thin, spherical lenses: these have two spherical surfaces or spherical
and a plane surface and a thickness that is small compared to the radii
of the surface.

§ (0 I(]

Biconvex Convex— Plano— Biconcave Convex— Plano—
concave convex concave concave
Convex lenses Concave lenses
is thicker at its center than thinner at the centre than
at the edge at the edge
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Convex and concave lenses

Converging or Diverging?

convex lens
concave lens

(converging lens) (diverging lens)

@ aile Gy Yy

bend the light
outwards

[l

Converging lens Diverging lens
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Key features of lenses
Converging lens
Parallel rays are refracted inwards.

Centre of the lens is called the optical centre C.

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

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

principal
focus

focal length
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Converging lens

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

F' F
X —— %( -
principal axis
@Il e iy Y1
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Diverging lens

Parallel rays are refracted outwards.

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

focus F. \

Centre of the lens is called \E
the optical centre C.

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

| focal length optical

centre
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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

F € F
AV4
principal axis”™
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Construction rules
1 > / Back
2 .
3 _— {2 I

Front o
1
e -
R — - [ 3 -
B~ el
Q K I -
1 2 M~
Front Back

AR
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Which one represents the path of the light ray?

(A) Path X.
(B) Path Y.

@Dath Z
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Path X.

(B) Path Y.
(C) Path Z.



