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Equations with Lenses

SNC2D
The Lens Equation (for converging or diverging lenses) is: Dhiect
dy f
1 1,1 ! ?
—_—— = + + + +
f d. 4, F F d-l-' :L:[;E

where f'= focal length, d, = object distance (from the lens), and d;= image distance
Example: Finding the Image Formed by a Converging Lens

A 4.0-cm tall light bulb is placed 18 cm from a converging lens having a focal length of 12 cm.
Determine the image distance.

Givens: f=12cm d, =18 cm Unknown  d,=?
Sel Equation: 111 b =t
elect an Equation: T a Tq becomes =TT
b . d 1 . L: 1 —_— 1
Substitute and Solve: =75 "~ e
1 3 2

d - 36cm 36 cm (find a common denominator)

1_ 1
d. 36cm

1

so d,=36cm

Practice: Finding the Image Formed by a Converging Lens

A 2.0-cm tall candle flame is placed 6.0 cm from a converging lens having a focal length of 4.0 cm.
Determine the image distance.

Givens: f= d,= Unknown di="7?
Setoet an Beuation: =14 becomes Lol L
elect an Equation: 7d 4, ecomes df d
) 1
Substitute and Solve: 7
1 .
i (find a common denominator)

i

U=



The lens equation can also be used to find the focal length of a lens when the object distance and image
distance are both known:

Example: Finding the Focal Length of a Converging Lens

A 1.0-cm LED is placed 6.0 cm from a converging lens. An image of the LED is formed 8.0 cm from the
lens. Find the focal length of the lens.

Givens: d,=6.0cm d;=8.0 cm Unknown:  f=7?
Sel Equation: 11 + L
elect an Equation: 7d 4,

1__1 n 1
f 60cm 8.0cm

Substitute and Solve:

1__4 n 3
f 24cm 24cm

(find a common denominator)

L: 7 f:24cm:
f 24cm 50 7

34cm

Note that the answer might not be a whole number!
Round to the appropriate number of significant digits.

Practice: Finding the Focal Length of a Converging Lens

A 2.5-cm light bulb is placed 12.0 cm from a converging lens. An image of the bulb is formed 10.0 cm
from the lens. Find the focal length of the lens.

Givens: d,= d;= Unknown:  f=?

Sel E ion: L:iJri
elect an Equation: fd 4,

1
Substitute and Solve: 7 =
1 .
7 = (find a common denominator)
1
- = SO =
7 A
) ) 1 1 1 1 1 1
Note that for a very distant object, d—NO , SO 7:j+d_ becomes 7*; so f~d, .

This is the procedure we will use to determine the focal length of our lens in our lab: we will image a
distant object and measure the image distance, which we will assume is approximately the focal length.



The magnification of an object is the ratio of the image height, 4;, to the object height, 4,:

p=t
h

This will be equal to the negative ratio of the image distance, d;, to the object distance, d,:

M_hi__di
~h, d,

Example: Finding the Height of the Image Formed by a Converging Lens

A 4.0-cm tall light bulb is placed 18 cm from a converging lens having a focal length of 12 cm.
Determine the image height.

Givens: f=12cm hi=40cm d,=18cm  d;=36 cm (from previously)

Unknown h,=7?

Select an Equation: ~2=—' 4 L
elect an Equation: ho_ d ecomes ;= d
- 4.
Substitute and Solve: /= (36cm)(4.0cm)
18cm
h=—12cm

The height is negative because the image is inverted!
Practice: Finding the Image Formed by a Converging Lens

A 2.0-cm tall candle flame is placed 6.0 cm from a converging lens having a focal length of 4.0 cm.
Determine the image height.

Givens: f= hi= d,= di= (from previously)

Unknown hi=7

Select an Equation: —=——becomes #,=

Substitute and Solve: 47, =



Both the lens equation and the magnification equation work with diverging lenses too. With diverging
lenses, the focal length is negative and the image distance will be negative too since the image turns up on
the same side as the object instead of on the other side of the lens.

Example: Finding the Image Formed by a Diverging Lens

A 4.0-cm tall light bulb is placed 12 cm from a diverging lens having a focal length of -6.0 cm. Determine

the image distance.

Givens: f=-6.0cm d,=12cm

|~

1
Select an Equation: 7:

[

1

1__1© 1
d, —60cm 12cm

Substitute and Solve:

1 —2 1

di: 12em  12cm

1 -3

d.:12cm

1

LI B
d ] ccomes d,' f

Unknown di="1

1
dO

(find a common denominator)

12cm

so d;= =—4.0cm

-3

Practice: Finding the Image Formed by a Diverging Lens

A 2.0-cm tall candle flame is placed 6.0 cm from a diverging lens having a focal length of -4.0 cm.

Determine the image distance.

Givens:

f= d,=

|~

1
Select an Equation: 72

U

1

Substitute and Solve: =

S

&|,_

Q.l»—A
Il
»
o

What would the image height be?

Unknown

I |
d ] ccomes di f

di:?

1
d,

(find a common denominator)



