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Numerical based Refraction by thin lens (Level-I)

1. If the refractive index of a media w.r.t air , ™ is 0.76. What is the speed of light in the media? Speed of light
in vacuum/air is 3 x 10® m/sec.

mi1

Vims

SOLUTION: As we know the formula for relation between velocity of light in different media and in air/vacuum as :m, p™2 =

Using the mentioned formula we have :
1 8
alt™ = Yo _ (8 x10%) = Vg = (3 % 108 )/0.76 = 3.947368x 108 m/sec.
Vin Ving
2. The refractive index of medial w.rt airis 1.65 and of media2 wr.t air is 0.65 . What is refractive index of media2
w.r.t medial ,,,, ™2 .

m
a/sz

SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial ;™2 as ‘m, p'™2 = T 0.65/

1.65 =0.39

3. The refractive index of medial w.rt air is 0.95 and refractive index of medial w.r.t media2 is 1.95 . What is
refractive index of media2 w.r.t air.

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, p™2 as :m;p™? = akt

ap™1

m
mlza/’l’ !

a/Jan2

o b =1.95=0.95/4u™2 : So qu™2 = 0.95/1.95 = 0.49

4. Find the radius of curvature of the convex surface of a Plano convex lens, whose focal length is 17.5cm and
refractive index of the material of lens material w.r.t air is 3.25 . .

1
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz — 1) (R_ — R_> = ? According to
1 2

1 1

question p = 3.25, Ry = infinity , Ry = ? and f=17.5 cm : So using the mentioned formula we have : (3.25 -1) (— — R_> =
00 2

1/17.5 = 2.25/R2 = 1/17.5 SoR2 = 39.375cm. = 39.375cm.

5. The radius of curvature of either surfaces of a convex lens is equal to it’s focal length. What is the refractive
index of the material ?

1 1 1
SOLUTION: (a) As we know the formula for refraction by double refractive index iS.'(LuZ - 1) (R— — R_> = ? .According to
1 2
1 1
question p = ? , Ry = +f,Ro = -f (where fis the focal length ) So using the mentioned formula we have :(u — 1) +_f - _f> =

% = (u—1) (;) = % = (u—1)=(1/2):Sopu=(1+1/2)=32=15.... Ans.
6. A biconvex lens with both faces of the same radius of curvature is to be manufactured from a glass of refractive
index 1.3What should be the radius of curvature for the focal length of the lens to be 21.5 cm.?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (1“2 - 1) (R— — R_> = ? According to ques-
1 2

1 1
tion p = 1.3, R1 = +R ,R2 = -R and the focal length = 21.5 cm. So using the mentioned formula we have : (1.3 -1) (ﬁ - —R>

2
=1/21.5 = 0.3x <1—%> =(1/21.5) = R = 12.9cm. Radius of curvature of both faces is equal to 12.9cm.
7. The focal length of a convex lens in air is 20.5 cm. and the refractive index of glass material w.r.t air is 1.5 .

What will be it’s focal length when it is immersed in a media whose refractive index w.r.t air is (i) 1.25 (11) 3.25
(iii) 1.125 (iv) 2.25

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R— — R_> = f_ ——(1) Where fa
1 2 a
1 1 1
is focal length in air Similarly focal length in media will be given as :(mp9 — 1) (E — F) = f_ ——(2) Where fm, is focal
1 2 m
9 _1 9 —1) Xq pu™
length in media dividing equation (1) by (2) we get: fr, = ak = X fa . Which can be rearrange as : fm = M X
mpd —1 (ap9 —a p™)

Ja:
= (1) fm =[(1.5-1) X 1.25/(1.5-1.25)] X 20.5 = fr, =51.25cm. = So focal length in the media will be given as : 51.25cm.
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(2) fm =[(1.5-1) X 3.25/(1.5-3.25)] X 20.5 = fm =-19.03572cm. = So focal length in the media will be given as : -19.03572cm.
3) fm =[(1.5-1) X 1.125/(1.5- 1.125)] X 20.5 = fm = 30.75cm. = So focal length in the media will be given as : 30.75cm.
(4) fm = [(1.5-1) X 2.25/(1.5 - 2.25)] X 20.5 = fm =-30.75cm. = So focal length in the media will be given as : -30.75cm.

The radius of curvatures of a double convex lens are 48 cm. and 32 cm respectively while refractive index of

the material of lens w.r.t air is 3. Find it’s focal length?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) <R= - R=> . Where fa is focal
1 2
length in air According to question p = 3, Ry = 48 cm. ,Ry = -32 cm. So using the mentioned formula we have [(3-D(1/(+48)

-1/-32)] = % = f=[(48 X 32)/((3 -1) X (48 + 32))] after solving it we get f = 9.6

The radius of curvatures of a double convex lens are 27 cm , 30 cm respectively and focal length19.5 cm. Find
refractive index of the material of lens w..t ? . .

1

SOLUTION: As we know the formula for refraction by double refractive index is: (qu9 — 1) R R_> = f_ . Where fa is focal
1 2 a

length in air According to question p = ? , Ry = 27 cm. ,R2 = -30 cm.and focal length f= 19.5 cm. So using the mentioned formula

we have : [(p -1)(1/(+27) - 1/(-30)) = 1/19.5] = (p -1) = [(27 X 30)/((19.5) x (27 + 30))] after solving it we get p = 1.728745

If the ratio of radius of curvatures of a biconvex lens is 2 : 5 and focal length is 14 cm. Find the refractive index
of the material of lens w.r.t air while curvature of first surface is 20 cm.

1 1 1

SOLUTION: As we know the formula for refmctzon by double refractive index is:(qu9 — 1) (R E = — . Where fa is
1

focal length in air According to question p = ? , Ry = 2R = 40cm.,Ry = -5R = -100cm. and focal length f = 14 cm So using the

mentioned formula we have : [(p-])(]/(+40) ]/( 100)] =1/14= (u-1)=[((2 X 5)/(2+5) x 20 x 1/14] = pn = [((2 X 5)/(2
+5)) X 20 x 1/ 14] + 1 after solving it we get p = 3.040816

If the ratio of radius of curvatures of a biconvex lens is 4 : 5 and refractive index of the material of lens w.r.t air

is 2.4 while curvature of first surface is 21 cm. Find the focal length of the lens

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) R = f_ . Where fa is focal
1 2 a

length in air According to question pp = 2.4, R1 = 4R = 84cm.,R2 = -5R = -105cm. and focal length f = ? So using the mentioned
1
Sformula we have : [(2.4-1)(1/(+84 ) - 1/(-105))] = ? =f1=[((4 X 5% 2D/((4+5) % (2.4- 1))] after solving it we get f = 33.33333

An object 5 cm high is placed 33 cm in front of a convex lens of focal length 22 cm. What is the position and

height of the image?
1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the
voou
lens According to question u = -33 cm. , = 22 cm. and height of the object h = 5cm. , v = ? and height of image hI = ? . Now
using the mentioned formula we have 1/ 22 = 1/v - 1/-33 = v = [(33 x 22)/(33 - 22 )] = 66cm.(b) And for height of Image we
Img

have‘ L ‘ =
u Ob

‘ = 166/33| = |Im/5| = Im = 10 cm.

An object 5 cm high is placed 41 cm in front of a concave lens of focal length -16 cm. What is the position and
height of the image?

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is.7 = — — — . Where fis focal length of the lens
voou

According to question u = -41 cm. , f = -16 cm. and height of the object h = 5cm. v = ? , and height of image hl = ? . Now using
the mentioned formula we have 1/ -16 = 1/v - 1/-41 = v = [(41 X -16)/(4]1 + 16 )] = -11.50877cm.(b) And for height of Image we

v Img
have‘ —‘ = = |-11.50877/41| = |Im/5| = Im = 1.403509 cm.
u

An object placed 30 cm. from a lens produces a virtual/real image at 22 cm. from the lens. (a) What is the focal
length of the lens? (b) Is the lens convex or concave? (c) What is the height of the Image if the height of object
is 3cm.
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:l = % — %L . Where fis focal length of the lens
According to question:(a) If image is real u = -30 cm. , v = 22 cm. and height of the object h = 3cm. f=? , and height of image
hl =? . Now using the mentioned formula we have % =1/22-1/-30=f=[(30 X 22)/(30 + 22)] = 12.69231cm. And for height

I
oflmagewehave‘g‘ = ‘ 9
u

‘ = 122/30| = |Im/3| = Im = 2.2 cm. Next case: (b)image is unreal u =-30 cm. , v =-22 cm. and
1
height of the object h = 3cm. f=? , and height of image hl = ? . Now using the mentioned formula we have ? =1/-22) - 1/(-30)

I
= £=[(30 X -22)/(30 + -22 )] = -82.5cm.(b) And for height of Image we have‘ z ‘ = ‘% ‘ = |-22/30| = |Im/3| = Im = 2.2 cm.
u
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An object is placed 88 cm from a screen. A converging lens with a 19 cm focal length is then placed between
the object and the screen and used to form a focused image on the screen. Find (a) the distance from the object

for the placement of the lens, (b) the magnification.
1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is: — = — — — . Wherefis focal length of the lens
v
(a)As image is real let u = -x cm. , Sov = (88 - x) cm. while focal length given is f = 19 cm. Using the mentioned formula : 1/19 =
1/(88 -x) - 1/-x = 88/ (( 88 - x) X x) . After Solving it we get x = 60.24808 cm. the distance from the object for the placement of the

I
lens is = 60.24808 cm. (b) And for magnifications have‘ g ‘ = %‘ = [27.75192/60.24808| = 0.4606275
u

If the refractive index of a media w.r.t air o™ is 1.52. What is the speed of light in the media? Speed of light
in vacuum/air is 3 x 10® m/sec.

v
SOLUTION: As we know the formula for relation between velocity of light in different media and in air/vacuum as :m, p'™2 = %
™o
V. 3 x 108
Using the mentioned formula we have : ou™ = V—a = % = Vg = (3 X 108 )/ 1.52 = 1.973684x 108 m/sec.
m ma

The refractive index of medial w.r.t air is 2.2 and of media2 w.r.t air is 0.65 . What is refractive index of media2

w.rt medial ,,, "2 .

a2
mi

SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial ;™2 as :m, p'™2 = =0.65/

22=03

The refractive index of medial wirt air is 3.8 and refractive index of medial wrt media2 is 2.6 . What is
refractive index of media2 w.r.t air.

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, p™?2 as :m;p™? = akt
m a“ml
1
et = azmz =2.6=3.8/au™ : S0 qu™2 = 3.8/2.6 = 1.46
a

Find the radius of curvature of the convex surface of a Plano convex lens, whose focal length is 8.5cm and
refractive index of the material of lens material w.r.t air is 3.25 . . .
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz - 1) (R— — R_> = ? According to
1 2

1 1

question p = 3.25, Ry = infinity ,Ry = ? and f = 8.5 cm : So using the mentioned formula we have : ( 3.25 -1) (— — F) =
oo 2

1/8.5 = 2.25/R2 = 1/8.5 SoR2 = 19.125cm. = 19.125cm.

The radius of curvature of either surfaces of a convex lens is equal to it’s focal length. What is the refractive
index of the material ?

1 1 1
SOLUTION: (a) As we know the formula for refraction by double refractive index iS.'(LuZ - 1) (R— — R_> = ? .According to
1 2
1 1
question p = ? , Ry = +f,Ro = -f (where fis the focal length ) So using the mentioned formula we have :(u — 1) +_f - _f> =
1 2 1
? =(p—1) (;) = ? = p—1)=1/2):Sopn=(1+(1/2)=32=15..... Ans.

A biconvex lens with both faces of the same radius of curvature is to be manufactured from a glass of refractive
index 0.65What should be the radius of curvature for the focal length of the lens to be 10 cm.?

1 1 1

SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz - 1) (R— — R_> = ? According to
1 2

question p = 0.65, R = +R ,R2 = -R and the focal length = 10 cm. So using the mentioned formula we have : ( 0.65 -

1 1 2
1) ( ﬁ — 5) =1/10 = -0.35x <1—%> = (1/10) = R = -7cm. Radius of curvature of both faces is equal to -7cm.

The focal length of a convex lens in air is 15.5 cm. and the refractive index of glass material w.rt air is 1.5 .
What will be it’s focal length when it is immersed in a media whose refractive index w.r.t air is (i) 1.25 (11) 3.25
(iii) 1.125 (iv) 2.25

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R— — R_> = f_ ——(1) Where fa
1 2 a
1 1 1
is focal length in air Similarly focal length in media will be given as :(mp9 — 1) (F — F) = f_ ———(2) Where fm, is focal
1 2 m
9 _1 9 —1) Xq pu™
length in media dividing equation (1) by (2) we get: fr,, = ol = X fa . Which can be rearrange as : fm = M X
mpd — 1 (apt9 —a p™)

Ja:
= (1) fm =[(1.5-1) X 1.25/(1.5-1.25)] X 15.5 = fr, =38.75cm. = So focal length in the media will be given as : 38.75cm.
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(2) fm =[(1.5-1) X 3.25/(1.5-3.25)] X 15.5 = fm =-14.39286cm. = So focal length in the media will be given as : -14.39286¢m.
3) fm =[(1.5-1) X 1.125/(1.5-1.125)] X 15.5 = fm = 23.25cm. = So focal length in the media will be given as : 23.25cm.
(4) fm =[(1.5-1) X 2.25/(1.5 - 2.25)] X 15.5 = fm =-23.25cm. = So focal length in the media will be given as : -23.25cm.

The radius of curvatures of a double convex lens are 22 cm. and 38 cm respectively while refractive index of

the material of lens w.r.t air is 2.25. Find it’s focal length?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is:(au? — 1) (? — ?> = — . Wherefais
1 2 a

focal length in air According to question pn = 2.25, R1 = 22 cm. ,Ry = -38 cm. So using the mentioned formula we have : [( 2.25
1
-D(1+22) - 1/(-38))] = ? = f=[(22 x 38)/((2.25 -1) x (22 + 38))] after solving it we get f = 11.14667

The radius of curvatures of a double convex lens are 25 cm, 32 cm respectively and focal length26 cm. Find
refractive index of the material of lens w..t ? . .

1

SOLUTION: As we know the formula for refraction by double refractive index is: (qu9 — 1) R R_> = f_ . Where fa is focal
1 2 a

length in air According to question pp = ? , R1 = 25 cm. ,R2 = -32 cm.and focal length f= 26 cm. So using the mentioned formula

we have : [(p -1)(1/(+25) - 1/(-32)) = 1/26] = (p -1) = [(25 X 32)/((26) x (25 + 32))] after solving it we get pp = 1.539811

If the ratio of radius of curvatures of a biconvex lens is 2 : 4 and focal length is 14 cm. Find the refractive index
of the material of lens w.r.t air while curvature of first surface is 38 cm.
1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is:(au? — 1) (E N = — . Where fa is
1 2
focal length in air According to question p = ? , Ry = 2R = 76cm.,Ry = -4R = -152cm. and focal length f = 14 cjn. So using the
mentioned formula we have : [(p-1)(1/(+76) - 1/(-152))] = 1/14 = (p-1) = [(2 X 4)/(2+4)) x 38 x 1 /14] = p = [((2 X 4)/(2
+4)) x 38 x 1/14] + 1 after solving it we get p = 4.619048

If the ratio of radius of curvatures of a biconvex lens is 3 : 5 and refractive index of the material of lens w.r.t air

is 3.2 while curvature of first surface is 35 cm. Find the focal length of the lens

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) R = f_ . Where fa is focal
1 2 a

length in air According to question p = 3.2, R1 = 3R = 105cm.,R2 = -5R =-175cm. and focal length f = ? So using the mentioned
1

formula we have : [( 3.2 -1)(1/(+105 ) - 1/(-175))] = —

=f1=[(3x5x35/((3+35) X (3.2- 1))] after solving it we get f = 29.82954

An object 1 cm high is placed 24 c¢cm in front of a convex lens of focal length 17 cm. What is the position and

height of the image?
1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
voou
According to question u = -24 cm. , f= 17 cm. and height of the object h = Ilcm. , v = ? and height of image hl = ? . Now using
the mentioned formula we have 1/ 17 = 1/v - 1/ -24 = v = [(24 X 17)/(24 - 17 )] = 58.28571cm.(b) And for height of Image we

v Img
have‘ —‘ = | | = 158.28571/24) = |im/1]| = Im = 2.426571 cm.
u

An object 8 cm high is placed 46 cm in front of a concave lens of focal length -15 cm. What is the position and
height of the image?

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
voou

According to question u = -46 cm. , f = -15 cm. and height of the object h = 8cm. v = ? , and height of image hl = ? . Now using
the mentioned formula we have 1/ -15 = 1/v - 1/-46 = v = [(46 X -15)/(46 + 15 )] = -11.31148cm.(b) And for height of Image we
I

ﬂ‘ = |-11.31148/46| = |Im/8| = Im = 1.967213 cm.

have‘ L ‘ =
u Ob

An object placed 27 cm. from a lens produces a virtual/real image at 36 cm. from the lens. (a) What is the focal
length of the lens? (b) Is the lens convex or concave? (c) What is the height of the Image if the height of object
is Scm. L1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
According to question: (a) If image is real u = -27 cm. , v = 36 cm. and height of the objequt h :u5cm. =7, and height of image hl
= ? . Now using the mentioned formula we have L 1/36 - 1/-27 = = [(27 X 36)/(27 + 36)] = 15.42857cm. And for height of
Img
Ob
height of the object h = Scm. f=? , and height of image hl = ? . Now using the mentioned formula we have % =1/-36)-1/(-27) =

Image we have‘ 2 ‘ = ‘ ‘ = |36/27| = |Im/5| = Im = 6.666667 cm. Next case: (b)image is unreal u =-27 cm. , v =-36 cm. and
u
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Img

f=[(27 x -36)/(27 + -36 )] = 108cm.(b) And for height of Image we have‘ L ‘ = ‘ ‘ = |-36/27| = |Im/5| = Im = 6.666667 cm.
u

30. An object is placed 179 cm from a screen. A converging lens with a 29 cm focal length is then placed between
the object and the screen and used to form a focused image on the screen. Find (a) the distance from the object
for the placement of the lens, (b) the magnification.

1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is: 7 = — — — . Wherefis focal length of the lens

(a)As image is real let u = -x cm. , So v = (179 - x) cm. while focal length given is f = 29 cm. Uvmg the mentioned formula : 1/29 =
1/(179-x) -1/x=179/((179 - x) X x) . After Solving it we get x = 142.5966 cm. the distance from the object for the placement of

I
the lens is = 142.5966 cm.(b) And for magnifications have‘ 3‘ = % ‘ = |36.4034/142.5966] = 0.2552894
u

31. If the refractive index of a media w.r.t air ™ is 2.28. What is the speed of light in the media? Speed of light
in vacuum/air is 3 x 10® m/sec.
SOLUTION: As we know the formula for relation between velocity of light in different media and in air/vacuum as :m, p™2 =

mi

Vims

Va 3 x 108
Va (38X ):>

= Ving = (3 x 108 )/ 2.28 = 1.31579x 108 m/sec.
Vim Ving

Using the mentioned formula we have : ou™ =
32. The refractive index of medial w.r.t air is 0.55 and of media2 w.r.t air is 1.3 . What is refractive index of media2
w.r.t medial ,,, ™2 .

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial mq pu"™2 as :m p"™2 = a'uiml =1.3/0.55
alk

=236

33. The refractive index of medial wr.t air is 1.9 and refractive index of medial w.rt media2 is 1.3 . What is
refractive index of media2 w.r.t air.

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m,p™?2 as :m;p™? = akt

a/mel

mi
™ = ““—2 = 13=1.9/0™ : Soqu™ = 1.9/1.3 = 1.46
ap™
34. Find the radius of curvature of the convex surface of a Plano convex lens, whose focal length is 18.5cm and
refractive index of the material of lens material wr.t air is 2.6

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz — 1) (R— — R_> = ? According to
1 2

1 1

question . = 2.6, R1 = infinity , R = ? and = 18.5 cm : So using the mentioned formula we have : ( 2.6 -1) (— — R_> =
0o 2

1/18.5 = 1.6/R2 = 1/18.5 SoR2 = 29.6cm. = 29.6¢cm.

35. The radius of curvature of either surfaces of a convex lens is equal to it’s focal length. What is the refractive
index of the material ? . . .
SOLUTION: (a) As we know the formula for refraction by double refractive index is.'(l,uz - 1) (— - —) = ? .According to

R1 R
1 1
question p = ? , Ry = +f,Ro = -f (where fis the focal length ) So using the mentioned formula we have :(u — 1) +_f - _f> =
1 2 1
? =(p—1) (;) = ? = pu—1)=(1/2):Sopn=(1+(1/2)=32=15..... Ans.

36. A biconvex lens with both faces of the same radius of curvature is to be manufactured from a glass of refractive
index 1.3What should be the radius of curvature for the focal length of the lens to be 6.5 cm.?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (Lu - 1) ( R R_> = ? According to ques-
1 2
1 1
tion p = 1.3, R1 = +R ,R2 = -R and the focal length = 6.5 cm. So using the mentioned formula we have : (1.3 -1) (ﬁ - —R>

2
=1/6.5 = 0.3x (1—%> =(1/6.5) = R = 3.899999cm. Radius of curvature of both faces is equal to 3.899999cm.

37. The focal length of a convex lens in air is 12 cm. and the refractive index of glass material w.rt air is 1.5 . What
will be it’s focal length when it is immersed in a media whose refractive index w.r.t air is (i) 1.25 (11) 3.25 (iii)
1.125 (iv) 2.25

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) ( R R_> = f_ ——(1) Where fa
1 2 a
1 1 1
is focal length in air Similarly focal length in media will be given as :(mp9 — 1) ( R F) = f_ ——(2) Where fm, is focal
1 2 m
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9_1 9_1 m
length in media dividing equation (1) by (2) we get: fr,, = alk = X fa . Which can be rearrange as : fm = M
mpd —1 (ap? —a p™)

fa:

= (1) fm =[(1.5-1) X 1.25/(1.5-1.25)] X 12 = fp, = 30cm. = So focal length in the media will be given as : 30cm.

(2) fm =[(1.5-1) X 3.25/(1.5 - 3.25)] X 12 = fm, =-11.14286¢cm. = So focal length in the media will be given as : -11.14286¢m.
3) fm =[(1.5-1) X 1.125/(1.5- 1.125)] X 12 = fm,, = 18cm. = So focal length in the media will be given as : 18cm.

(4) fm =[(1.5-1) X 2.25/(1.5 - 2.25)] X 12 = fm =-18cm. = So focal length in the media will be given as : -18cm.

The radius of curvatures of a double convex lens are 43 cm. and 39 cm respectively while refractive index of

the material of lens w.r.t air is 0.75. Find it’s focal length?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is:(au? — 1) (F — F) = — . Wherefais
1 2 a

focal length in air According to question . = 0.75, R1 = 43 cm. ,Ro = -39 cm. So using the mentioned formula we have : [( 0.75
1
-1)(1/(+43) - 1/(-39))] = ? = f=[(43 X 39/((0.75-1) x (43 + 39))] after solving it we get f = -81.80488

The radius of curvatures of a double convex lens are 49 cm , 32 cm respectively and focal length18.5 cm. Find
refractive index of the material of lens w..t ?
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (Ril - Ri2> = f_la . Where fa is focal
length in air According to question p = ? , Ry =49 cm. ,Ra = -32 cm.and focal length f= 18.5 cm. So using the mentioned formula
we have : [(p -1)(1/(+49) - 1/(-32)) = 1/18.5] = (p -1) = [(49 X 32)/((18.5) X (49 + 32))] after solving it we get p = 2.04638

If the ratio of radius of curvatures of a biconvex lens is 2 : 4 and focal length is 12 cm. Find the refractive index
of the material of lens w.r.t air while curvature of first surface is 31 cm. ) ) )

SOLUTION: As we know the formula for refraction by double refractive index is:(au9 — 1) % = f— . Where fa is
1 2 a

focal length in air According to question p = ? , R1 = 2R = 62cm.,R2 = -4R = -124cm. and focal length f = 12 cm. So using the

mentioned formula we have : [(p-1)(1/(+62)-1/(-124))] = 1/12 = (pu-1) = [(2 X 4)/(2+4)) x 31 X 1/12] = p = [((2 X 4)/(2

+4)) x 31 x 1/12] + 1 after solving it we get p = 4.444445

If the ratio of radius of curvatures of a biconvex lens is 3 : 4 and refractive index of the material of lens w.r.t air

is 1.6 while curvature of first surface is 29 cm. Find the focal length of the lens

1 1 1

SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R_ — R_> = f_ . Where fa is focal
1 2 a

length in air According to question p = 1.6, R1 = 3R = 87cm.,Ry = -4R = -116¢cm. and focal length f = ? So using the mentioned

formula we have : [(1.6 -1)(1/(+87) - 1/(-116))] = % =1=[((3x4x29/((3+4) x (1.6-1))] after solving it we get f= 82.85714

An object 4 cm high is placed 58 cm in front of a convex lens of focal length 24 cm. What is the position and

height of the image?
1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the
u

v

lens According to question u = -58 cm. , = 24 cm. and height of the object h = 4cm. , v = ? and height of image hI = ? . Now
using the mentioned formula we have 1/24 = 1/v - 1/-58 = v = [(58 X 24)/(58 - 24 )] = 40.9411 8cm.(b) And for height of Image we
I

% ‘ = |40.94118/58| = |Im/4| = Im = 2.823529 cm.

v
have‘—‘ =
u

An object 4 cm high is placed 33 cm in front of a concave lens of focal length -31 cm. What is the position and
height of the image?

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
voou

According to question u = -33 cm. , f=-31 cm. and height of the object h = 4cm. v = ? , and height of image hl = ? . Now using
the mentioned formula we have 1/ -31 = 1/v - 1/-33 = v = [(33 X -31)/(33 + 31 )] = -15.98438cm.(b) And for height of Image we

Img
Ob = |-15.98438/33| = |Im/4| = Im = 1.9375 cm.

have‘ E‘ =
u

An object placed 28 cm. from a lens produces a virtual/real image at 27 cm. from the lens. (a) What is the focal
length of the lens? (b) Is the lens convex or concave? (c) What is the height of the Image if the height of object
is 4cm.

1 1

1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
voou

According to question: (a) If image is real u = -28 cm. , v = 27 cm. and height of the object h = 4cm. f= ? , and height of image hl
1

= ? . Now using the mentioned formula we have — = 1/27 - 1/-28 = f= [(28 X 27)/(28 + 27 )] = 13.74545cm. And for height of

Img

Image we have‘ L ‘ =
u Ob

‘ = |27/28| = |Im/4| = Im = 3.857143 cm. Next case: (b)image is unreal u =-28 cm. , v =-27 cm. and
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1
height of the object h = 4cm. f=? , and height of image hl = ? . Now using the mentioned formula we have — = 1/(-27) - 1/ (-28)

Img

= = [(28 X -27)/(28 + -27)] = -756cm. (b) And for height of Image we have‘ v ‘ - ‘ o
u

cm.

‘ = |-27/28| = |Im/4| = Im = 3.857143

45. An object is placed 161 cm from a screen. A converging lens with a 21 cm focal length is then placed between
the object and the screen and used to form a focused image on the screen. Find (a) the distance from the object

for the placement of the lens, (b) the magnification.

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is: — = — — — . Where fis focal length of the lens
u

v
(a)As image is real let u = -x cm. , So v = (161 - x) cm. while focal length given is f= 21 cm. Using the mentioned formula : 1/21 =
1/(161 -x) - 1/x =161/ (( 161 - x) X x) . After Solving it we get x = 136.1709 cm. the distance from the object for the placement of

Img
—| = |24.82909/136.1709| = 0.1823377

the lens is = 136.1709 cm.(b) And for magnifications have‘ E‘ = ‘ Ob
u

46. If the refractive index of a media w.r.t air " is 3.04. What is the speed of light in the media? Speed of light
in vacuum/air is 3 x 10® m/sec.

v
SOLUTION: As we know the formula for relation between velocity of light in different media and in air/vacuum as :m, p'™2 = %
™o
. . Va (3 x109) s
Using the mentioned formula we have : ou™ = E7 = v = Vg = (3 X 10° )/ 3.04 = 9.868421E+07 m/sec.
m ma

47. The refractive index of medial w.r.t air is 0.55 and of media2 wir.t air is 1.95 . What is refractive index of media2
w.rt medial ,,,, "2 .

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, ™2 as :m, p™2 = a'u—ml =195/
alt

0.55 = 3.55

48. The refractive index of medial w.rt air is 0.95 and refractive index of medial w.r.t media2 is 0.65 . What is
refractive index of media2 w.r.t air.

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, p™?2 as :m;p™? = akt

a/mel

m
mlza/’l’ !

pli 0.65 = 0.95/qu™2 : S0 qu™2 = 0.95/0.65 = 1.46
alk

ma M

49. Find the radius of curvature of the convex surface of a Plano convex lens, whose focal length is 6.5cm and
refractive index of the material of lens material wr.t air is 3.25 . .

1
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz - 1) (R— — R_> = ? According to
1 2

1 1

question p = 3.25, Ry = infinity ,Re = ? and f= 6.5 cm : So using the mentioned formula we have : ( 3.25 -1) (— — F) =
o] 2

1/6.5 = 2.25/R2 = 1/6.5 SoR2 = 14.625cm. = 14.625cm.

50. The radius of curvature of either surfaces of a convex lens is equal to it’s focal length. What is the refractive
index of the material ?

1 1 1
SOLUTION: (a) As we know the formula for refraction by double refractive index iS.'(LuZ - 1) (R— — R_> = ? .According to
1 2
1 1
question p = ? , Ry = +f,Ro = -f (where fis the focal length ) So using the mentioned formula we have :(u — 1) +_f - _f> =

% = (u—1) (;) = % = (u—1)=(1/2): Sop=(1+(1/2)=32=15.... Ans.

51. A biconvex lens with both faces of the same radius of curvature is to be manufactured from a glass of refractive
index 0.65What should be the radius of curvature for the focal length of the lens to be 18 cm.?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is.'(l,uz - 1) (— ) = ? According to

R R
question p = 0.65, R = +R ,R2 = -R and the focal length = 18 cm. So using the mentioned formula we have : ( 0.65 -
1 1 2
U(ﬁ — —R> =1/18 = -0.35x <1—%> =(1/18) = R = -12.6¢cm. Radius of curvature of both faces is equal to -12.6cm.

52. The focal length of a convex lens in air is 15 cm. and the refractive index of glass material w.rt airis 1.5 . What
will be it’s focal length when it is immersed in a media whose refractive index w.rt air is (i) 2 (11) 4 (iii) 1.5 (iv)

3
1 1 1

SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R— — R_> = f_ ——(1) Where fa

1 2

a
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. . . L . 1 1 1
is focal length in air Similarly focal length in media will be given as :(mp9 — 1) (F — F) = f_ ——(2) Where fm, is focal
1 2 m
9_1 9_1 m
length in media dividing equation (1) by (2) we get: f, = alk = X fa . Which can be rearrange as : f, = M X
mpd — 1 (ap9 —a p™)

fa:

= (1) fm =[(1.5-1) X 2/(1.5-2)] X 15 = fm =-30cm. = So focal length in the media will be given as : -30cm.

2) fm =[(1.5-1) X 4/(1.5-4)] X 15 = fm =-12cm. = So focal length in the media will be given as : -12cm.

3) fm =[(1.5-1) X 1.5/(1.5-1.5)] X 15 = fm = Infinitycm. = So focal length in the media will be given as : Infinitycm.
(4) fm =[(1.5-1) X 3/(1.5-3)] X 15 = fm =-15cm. = So focal length in the media will be given as : -15cm.

The radius of curvatures of a double convex lens are 27 cm. and 36 cm respectively while refractive index of
the material of lens w.rt air is 3. Find it’s focal length?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) ( R ) f . Where fa is focal
1 2

length in air According to question p = 3, Ry = 27 cm. ,Ry = -36 cm. So using the mentioned formula we have : [( 3 -1)(1/(+27)
1
-1/-36))] = ? = f=[(27 X 36)/((3 -1) X (27 + 36))] after solving it we get [ = 7.714286

The radius of curvatures of a double convex lens are 35 cm , 34 cm respectively and focal length25 cm. Find
refractive index of the material of lens w.r.t ? . .

SOLUTION: As we know the formula for refraction by double refractive index is: (o9 — 1) (R_ - R_> f . Where fa is focal
1 2 a

length in air According to question pp = ? , R1 = 35 cm. ,Ro = -34 cm.and focal length f= 25 cm. So using the mentioned formula
we have : [(p-1)(1/(+35) - 1/(-34)) = 1/25] = (p -1) = [(35 X 34)/((25) x (35 + 34))] after solving it we get 1 = 1.689855

If the ratio of radius of curvatures of a biconvex lens is 4 : 3 and focal length is 13 cm. Find the refractive index
of the material of lens w.r.t air while curvature of first surface is 34 cm.
1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) N . Where fa is focal
1 2
length in air According to question pp = ? , Ry = 4R = 136cm.,Ry = -3R = -102cm. and focal length f = 13 cm. So using the
mentioned formula we have : [(p -1)(1/(+136) - 1/(-102))] = 1/13 = (p-1) = [((4 X 3)/(4 +3)) x 34 x 1/13]
=pu=[((4x3)/(4+3) x 34 x 1/13] + 1 after solving it we get . = 5.483517

If the ratio of radius of curvatures of a biconvex lens is 2 : 4 and refractive index of the material of lens w.r.t air

is 3.2 while curvature of first surface is 25 cm. Find the focal length of the lens
1 1

SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R_ - R_> f . Where fa is focal
1 2 a

length in air According to question pn = 3.2, R1 = 2R = 50cm.,R2 = -4R = -100cm. and focal length f = ? So using the mentioned
1
Sformula we have : [(3.2-1)(1/(+50) - 1/(-100))] = ? =1=[(2 X4 X 25)/((2+4) x (3.2- 1))] after solving it we get f = 15.15152

An object 5 cm high is placed 15 cm in front of a convex lens of focal length 10 cm. What is the position and

height of the image?

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the
u

v
lens According to question u = -15 cm. , f= 10 cm. and height of the object h = 5cm. , v = ? and height of image hI = ? . Now
using the mentioned formula we have 1/ 10 = 1/v - 1/-15 = v = [(15 x 10)/(15 - 10 )] = 30cm.(b) And for height of Image we

I
gbg ‘ = |30/15] = |Im/5| = Im = 10 cm.

v
have‘—‘ =
u

An object 7 cm high is placed 31 cm in front of a concave lens of focal length -36 cm. What is the position and
height of the image?

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
voou

According to question u = -31 cm. , f=-36 cm. and height of the object h = 7cm. v = ? , and height of image hl = ? . Now using
the mentioned formula we have 1/-36 = 1/v - 1/-31 = v = [(3]1 X -36)/(3] + 36 )] =-16.65672cm.(b) And for height of Image we

_|Img
Ob = |-16.65672/31| = |Im/7| = Im = 3.761194 cm.

v
have|—| =
u

An object placed 49 cm. from a lens produces a virtual/real image at 38 cm. from the lens. (a) What is the focal
length of the lens? (b) Is the lens convex or concave? (c) What is the height of the Image if the height of object
is lem.

1

1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is.7 = — — — . Where f'is focal length of the lens
voou

According to question: (a) If image is real u = -49 cm. , v = 38 cm. and height of the object h = Icm. f=? , and height of image hl
1
= ? . Now using the mentioned formula we have ? =1/38-1/-49 = = [(49 x 38)/(49 + 38 )] = 21.4023cm. And for height of
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Img

Image we have‘ E‘ = ‘ ‘ = [38/49| = |Im/1| = Im = 0.7755102 cm. Next case: (b)image is unreal u = -49 cm. , v = -38 cm.
u

1
and height of the object h = Icm. f=? , and height of image hl = ? . Now using the mentioned formula we have 7 =1/-38) -1/

I
(-49) = [= [(49 X -38)/(49 + -38 )] = -169.2727cm.(b) And for height of Image we have‘ z ‘ = ‘% ‘ = |-38/49| = [Im/I| = Im
u
= 0.7755102 cm.

60. An object is placed 105 cm from a screen. A converging lens with a 24 cm focal length is then placed between
the object and the screen and used to form a focused image on the screen. Find (a) the distance from the object
for the placement of the lens, (b) the magnification.

1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is: — = — — — . Where fis focal length of the lens

(a)As image is real let u = -x cm. , So v = (105 - x) cm. while focal length given is f = 24 cm. Uvmg the mentioned formula : 1/24 =
1/(105-x) - 1/x=105/((105 - x) X x) . After Solving it we get x = 67.87042 cm. the distance from the object for the placement of

I
the lens is = 67.87042 cm.(b) And for magnifications have‘ v ‘ = |24 ‘ = |37.12958/67.87042| = 0.5470657
u

61. If the refractive index of a media w.r.t air o™ is 1.52. What is the speed of light in the media? Speed of light

in vacuum/air is 3 x 108 m/sec.
A

SOLUTION: As we know the formula for relation between velocity of light in different media and in air/vacuum as :m, p™2 = v
ma

Va 3 x 108
Vo _ B3x10%) |

Using the mentioned formula we have : ou™ = =
Vim Vims

5 = (3% 108)/1.52 = 1.973684x 108 m/sec.

62. The refractive index of medial wir.t air is 1.1 and of media2 w.r.t air is 2.6 . What is refractive index of media2
w.r.t medial ,,, ™2 .

mao
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, 12 as :m, p"2 = =26/11
=236

63. The refractive index of medial w.rt air is 2.85 and refractive index of medial w.r.t media2 is 0.65 . What is

refractive index of media2 w.r.t air.

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, p™?2 as :m;p™? = a'u—ml
alk

mi
™ = ““—mz = 0.65 = 2.85/qu™2 : So g™ = 2.85/0.65 = 4.38
alt
64. Find the radius of curvature of the convex surface of a Plano convex lens, whose focal length is 7.5cm and
refractive index of the material of lens material w.rt air is 2.6

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz — 1) (R— — R_> = ? According to
1 2

1 1

question pp = 2.6, R1 = infinity ,R2 = ? and f= 7.5 cm : So using the mentioned formula we have : (2.6 -1) (— - F) =1/7.5
0o 2

= 1.6/R2 = 1/7.5 SoR2 = 12cm. = 12cm.

65. The radius of curvature of either surfaces of a convex lens is equal to it’s focal length. What is the refractive
index of the material ? . . .
SOLUTION: (a) As we know the formula for refraction by double refractive index is.'(l,uz - 1) (— - —) = ? .According to

R1 R
1 1
question p = ? , Ry = +f,Ro = -f (where fis the focal length ) So using the mentioned formula we have :(u — 1) +_f - _f> =
1 2 1
? =(p—-1) (;) = ? = pu—1)=(1/2):Sopn=(1+(1/2)=32=15..... Ans.

66. A biconvex lens with both faces of the same radius of curvature is to be manufactured from a glass of refractive
index 2.6What should be the radius of curvature for the focal length of the lens to be 20 cm.?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (Lu - 1) ( R R_> = ? According to ques-
1 2
1 1
tion p = 2.6, Ry = +R,Ra = -R and the focal length = 20 cm. So using the mentioned formula we have : (2.6 -1) (ﬁ - —R>

2
=1/20= 1.6% (1—%> = (1/20) = R = 64cm. Radius of curvature of both faces is equal to 64cm.

67. The focal length of a convex lens in air is 21.5 cm. and the refractive index of glass material w.rt air is 1.5 .
What will be it’s focal length when it is immersed in a media whose refractive index w.r.t air is (i) 1.25 (11) 3.25
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(iif) 1.125 (iv) 2.25
1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) <R= - R=> = f= —(1) Where fa
1 2 a
1 1 1
is focal length in air Similarly focal length in media will be given as : (m,ug -1) ( R E) = f— ——(2) Where fm, is focal
1 2 m
g _ 9_1 m
length in media dividing equation (1) by (2) we get: fr, = alk = X fa . Which can be rearrange as : f, = M
mpd — 1 (ap9 —a p™)

fa:

= (1) fm =[(1.5-1) X 1.25/(1.5-1.25)] X 21.5 = fm = 53.75¢cm. = So focal length in the media will be given as : 53.75cm.
(2) fm =[(1.5-1) X 3.25/(1.5-3.25)] X 21.5 = fm =-19.96428cm. = So focal length in the media will be given as : -19.96428cm.
3) fm =[(1.5-1) X 1.125/(1.5-1.125)] X 21.5 = fm, = 32.25cm. = So focal length in the media will be given as : 32.25cm.

(4) fm =[(1.5-1) X 2.25/(1.5 - 2.25)] X 21.5 = fm =-32.25cm. = So focal length in the media will be given as : -32.25cm.

The radius of curvatures of a double convex lens are 37 cm. and 32 cm respectively while refractive index of

the material of lens w.r.t air is 2.25. Find it’s focal length?
1 1

Ri Ry
focal length in air According to question . = 2.25, R1 = 37 cm. ,Ry = -32 cm. So using the mentioned formula we have : [(2.25

-D(1/(+37) - 1/(-32))] = % = f=[(37 x 32)/((2.25 -1) x (37 + 32))] after solving it we get f = 13.72754

1
SOLUTION: As we know the formula for refraction by double refractive index is:(au? — 1) ( ) = — . Where fais

The radius of curvatures of a double convex lens are 35 cm , 37 cm respectively and focal length23.5 cm. Find
refractive index of the material of lens w.r.t ?
SOLUTION: As we know the formula for refraction by double refractive index is: (qu9 — 1) Rll Ri2> fla Where fa is focal
length in air According to question p = ? , Ry = 35 cm. ,R2 = -37 cm.and focal length f= 23.5 cm. So using the mentioned formula
we have : [(p-1)(1/(+35) - 1/(-37)) = 1/23.5] = (pn -1) = [(35 X 37)/((23.5) x (35 + 37))] after solving it we get p = 1.765366

If the ratio of radius of curvatures of a biconvex lens is 4 : 5 and focal length is 11 cm. Find the refractive index
of the material of lens w.r.t air while curvature of first surface is 31 cm.

1 1 1

SOLUTION: As we know the formula for mfracnon by double refractive index is:(qpu9 — 1) N . Where fa is focal
1 2

length in air According to question p = ? , Ry = 4R = 124cm.,Ry = -5R = -155cm. and focal length f = ]1 cm. So using the

mentioned formula we have : [( -])(]/(+]24) 1/(-155))] =1/l = (p-1) = [((4 X 5)/(4+5) x 3] x1/1l] =p=[((4X
5)/(4+35)) x 31 x 1/11] + 1 after solving it we get p = 7.262626

If the ratio of radius of curvatures of a biconvex lens is 2 : 3 and refractive index of the material of lens w.r.t air

is 3.2 while curvature of first surface is 39 cm. Find the focal length of the lens

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) 7 m f . Where fa is focal
1 2

length in air According to question p = 3.2, R1 = 2R = 78cm.,R2 = -3R = -117cm. and focal length f = ? So using the mentioned
1

Sformula we have : [(3.2-1)(1/(+78 ) - 1/(-117))] = =

=f1=[(2 x 3 x39/(2+3) X (3.2- 1))] after solving it we get f = 21.27273

An object 2 cm high is placed 8 cm in front of a convex lens of focal length 22 cm. What is the position and
height of the image?
1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the
u

lens According to question u = -8 cm. , f= 22 cm. and height of the object h = 2cm. , v = ? and height of image hI = ? . Now
using the mentioned formula we have 1/22 = 1/ - 1/-8 = v = [(8 X 22)/(8 - 22 )] = -12.57143cm.(b) And for height of Image we

Img
Ob = |-12.57143/8| = [Im/2| = Im = 3.142857 cm.

(SIS

v
have‘—‘ =
u

An object 5 cm high is placed 26 cm in front of a concave lens of focal length -26 cm. What is the position and
height of the image?

SIS
S

1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the

lens According to question u = -26 cm. , f=-26 cm. and height of the object h = 5cm. v = ? , and height of image hl = ? . Now
using the mentioned formula we have 1/-26 = 1/v - 1/-26 = v = [(26 X -26)/(26 + 26 )] = -13cm.(b) And for height of Image we

I
have‘g‘— mg‘=>|13/26| [Im/5| = Im = 2.5 cm.
u

An object placed 40 cm. from a lens produces a virtual/real image at 41 cm. from the lens. (a) What is the focal
length of the lens? (b) Is the lens convex or concave? (c) What is the height of the Image if the height of object
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is Scm.
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:l = ! — 1 . Where fis focal length of the lens
According to question: (a) If image is real u = -40 cm. , v = 41 cm. and height of the objequt h :u5cm. =7, and height of image hl
= ? . Now using the mentioned formula we have 1 1/41-1/-40 = = [(40 X 41)/(40 + 41 )] = 20.24691cm. And for height of
Img
Ob
height of the object h = Scm. f=? , and height of image hl = ? . Now using the mentioned formula we have L 1/(-41) - 1/ (-40) =

Image we have‘ E‘ = ‘ ‘ = [41/40| = |Im/5| = Im = 5.125 cm. Next case: (b)image is unreal u = -40 cm. , v =-41 cm. and
u

Img

= [(40 X -41)/(40 + -41 )] = 1640cm.(b) And for height of Image we have‘ 3‘ - ‘ o
u

‘ = |-41/40| = |Im/5| = Im = 5.125 cm.
75. An object is placed 80 cm from a screen. A converging lens with a 20 cm focal length is then placed between
the object and the screen and used to form a focused image on the screen. Find (a) the distance from the object

for the placement of the lens, (b) the magnification.

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is: — = — — — . Where fis focal length of the lens
v

(a)As image is real let u = -x cm. , Sov = (80 - x) cm. while focal length given is f = 20 cm. Using the mentioned formula : 1/20 =
1/(80-x) - 1/-x =80/(( 80 - x) X x). After Solving it we get x = 40 cm. the distance from the object for the placement of the lens is

I
= 40 c¢m.(b) And for magnifications have‘ L ‘ = % ‘ = |40/40| = 1
u

76. If the refractive index of a media w.r.t air ™ is 2.28. What is the speed of light in the media? Speed of light
in vacuum/air is 3 x 10® m/sec.

v
SOLUTION: As we know the formula for relation between velocity of light in different media and in air/vacuum as :m, p'™2 = %
™o
V. 3 x 108
Using the mentioned formula we have : ou™ = V—a = % = Vimgy = (3 X 108 )/ 2.28 = 1.31579x 108 m/sec.
m mo

77. The refractive index of medial w.r.t air is 0.55 and of media2 w.r.t air is 2.6 . What is refractive index of media2
w.rt medial ,,, "2 .

m
alt 2
mi

SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial ™2 as :pmq p'™2 =
=473

=26/0.55

78. The refractive index of medial wirt air is 0.95 and refractive index of medial w.r.t media2 is 2.6 . What is
refractive index of media2 w.r.t air.

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, p™?2 as :m;p™? = all

ap™1

m1
™ = e 262 0.95/0u™2 ; So a2 = 0.95/2.6=0.37
a2
79. Find the radius of curvature of the convex surface of a Plano convex lens, whose focal length is 8cm and
refractive index of the material of lens material w.r.t air is 2.6
1 1 1
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz - 1) (R— — R_> = — .According to
1 2
1 1
question . = 2.6, Ry = infinity ,Ro = ? and f'= 8 cm : So using the mentioned formula we have : (2.6 -1) (— - F) =1/8=
0 2
1.6/R2 = 1/8 SoR3 = 12.8cm. = 12.8cm.

80. The radius of curvature of either surfaces of a convex lens is equal to it’s focal length. What is the refractive
index of the material ?

SOLUTION: (a) As we know the formula for refraction by double refractive index is.'(l,uz - 1) (Ril - Ri2> = % .According to

question p = ? , Ry = +f,Ro = -f (where fis the focal length ) So using the mentioned formula we have :(u — 1) %f - %f) =

% =(p-1) (;) = % = (u—1)=(1/2):Sopu=(1+1/2)=32=15... Ans.

81. A biconvex lens with both faces of the same radius of curvature is to be manufactured from a glass of refractive
index 1.3What should be the radius of curvature for the focal length of the lens to be 23 cm.?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (1“2 - 1) (R— — R_> = ? According to ques-
1 2
1 1
tion p = 1.3, Ry = +R,Ra = -R and the focal length = 23 cm. So using the mentioned formula we have : (1.3 -1) (ﬁ - —R>

Numerical on Refraction Question and Answer prepared by O.P.Srivastava
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2
=1/23 = 0.3% <1—%> =(1/23) = R = 13.8cm. Radius of curvature of both faces is equal to 13.8cm.

82. The focal length of a convex lens in air is 11.5 cm. and the refractive index of glass material w.rt air is 1.5 .
What will be it’s focal length when it is immersed in a media whose refractive index w.r.t air is (i) 2 (11) 4 (iii)

1.5 (iv) 3
1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) ( R R_> = f_ ——(1) Where fa
1 2 a
1 1 1
is focal length in air Similarly focal length in media will be given as .'(m,ug -1) <? — ?> = f= ——(2) Where fp, is focal
1 2 m
g _ 9 _1 m
length in media dividing equation (1) by (2) we get: fr,, = Lla—— X fa . Which can be rearrange as : fm = M
mpd — 1 (ap9 —a p™)

Ja:

= (1) fm =[(1.5-1) X 2/(1.5-2)] X 11.5 = fm =-23cm. = So focal length in the media will be given as : -23cm.

2) fm =[(1.5-1) X 4/(1.5-4)] X 11.5 = fp, =-9.2cm. = So focal length in the media will be given as : -9.2cm.

3) fm =[(1.5-1) X 1.5/(1.5-1.5)] X 11.5 = fm = Infinitycm. = So focal length in the media will be given as : Infinitycm.
(4) fm =[(1.5-1) X 3/(1.5-3)] X 11.5 = fm =-11.5¢cm. = So focal length in the media will be given as : -11.5cm.

83. The radius of curvatures of a double convex lens are 29 cm. and 35 cm respectively while refractive index of

the material of lens w.rt air is 3. Find it’s focal length?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (qu9 — 1) ( I . Where fa is focal
1 2

length in air According to question p = 3, R1 = 29 cm. ,R2 = -35 cm. So using the mentioned formula we have [(3-D(1/(+29)
-1/-35)] = ? = f=[(29 X 35)/(3-1) X (29 + 35))] after solving it we get [ = 7.929688

84. The radius of curvatures of a double convex lens are 26 cm , 36 cm respectively and focal length21.5 cm. Find
refractive index of the material of lens w..t ?
1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) R R_> f . Where fa is focal
1 2 a
length in air According to question p = ? , Ry = 26 cm. ,R2 = -36 cm.and focal length f= 21.5 cm. So using the mentioned formula
we have : [((p -1)(1/(+26) - 1/(-36)) = 1/21.5] = (p-1) = [(26 X 36)/((21.5) X (26 + 36))] after solving it we get p = 1.702175

85. Ifthe ratio of radius of curvatures of a biconvex lens is 3 : 4 and focal length is 17 cm. Find the refractive index
of the material of lens w.r.t air while curvature of first surface is 32 cm.

1 1 1
SOLUTION: As we know the formula for refmction by double refractive index is:(qu9 — 1) N = f_ . Where fa is
1 2
focal length in air According to question p = ? , Ry = 3R = 96cm.,Ry = -4R = -128cm. and focal length f = 17 cm. So using the

mentioned formula we have : [(p-])(]/(+96) ]/( 128))] =1/17= (u-1)=[((3 X 4)/(3+4) x 32x 1/17] = pn=[((3 x4)/3
+4)) x 32 x 1/17] + 1 after solving it we get p = 4.226891

86. If the ratio of radius of curvatures of a biconvex lens is 2 : 3 and refractive index of the material of lens w.r.t air
is 2.4 while curvature of first surface is 35 cm. Find the focal length of the lens

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) ( R R_> = f_ . Where fa is focal
1 2 a

length in air According to question pp = 2.4, R1 = 2R = 70cm.,R2 = -3R = -105cm. and focal length f = ? So using the mentioned
formula we have :

[(24-D(/(+70) - 1/(-105))] = % = f=[((2 x 3 X 35)/((2 + 3) x (2.4- 1))] after solving it we get f= 30

87. An object 5 cm high is placed 35 cm in front of a convex lens of focal length 20 cm. What is the position and
height of the image?

SOLUTION: As we know the formula for refraction by thin concave/convex lens is:l = 1 — 1 . Where fis focal length of the lens

According to question u = -35 cm. , f= 20 cm. and height of the object h = 5cm. ,fv = ;J anduheight of image hl = ? . Now using

the mentioned formula we have 1/ 20 = 1/v - 1/ -35 = v = [(35 x 20)/(35 - 20 )] = 46.66667cm.(b) And for height of Image we

v Img
have‘ —‘ = | | = 146.66667/35| = |im/5| = Im = 6.666667 cm.
u

88. An object 9 cm high is placed 43 cm in front of a concave lens of focal length -15 cm. What is the position and
height of the image?

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
u

According to question u = -43 cm. , f = -15 cm. and height of the object h = 9cm. v = ’ , and height of image hI = ? . Now using
the mentioned formula we have 1/-15 = 1/v - 1/-43 = v = [(43 x -15)/(43 + 15)] = -]] 12069c¢m.(b) And for height oflmage we

I
have‘:‘ = |29 ‘ = |-11.12069/43| = |Im/9) = Im = 2.327586 cm.
u
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89. An object placed 22 cm. from a lens produces a virtual/real image at 39 cm. from the lens. (a) What is the focal
length of the lens? (b) Is the lens convex or concave? (c) What is the height of the Image if the height of object
is 4cm.

1

1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:= = — — — . Where fis focal length of the lens
voou

According to question: (a) If image is real u = -22 cm. , v = 39 cm. and height of the object h = 4cm. f= ? , and height of image hl
1
= ? . Now using the mentioned formula we have — = 1/39 - 1/-22 = f= [(22 X 39)/(22 + 39 )] = 14.06557cm. And for height of

v
Image we have‘ - ‘ =
u

I
% ‘ = [39/22| = |Im/4| = Im = 7.090909 cm. Next case: (b)image is unreal u = -22 cm. , v =-39 cm.

1
and height of the object h = 4cm. f=? , and height of image hl = ? . Now using the mentioned formula we have — = 1/(-39) - 1/

Img

(-22) = f= [(22 X -39)/(22 + -39 )] = 50.47059cm.(b) And for height of Image we have‘ v ‘ - ‘ o
u

‘ = |-39/22| = |Im/4| = Im
= 7.090909 cm.

90. An object is placed 113 cm from a screen. A converging lens with a 18 cm focal length is then placed between
the object and the screen and used to form a focused image on the screen. Find (a) the distance from the object

for the placement of the lens, (b) the magnification.

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is: — = — — — . Where fis focal length of the lens
voou

(a)As image is real let u = -x cm. , So v = (113 - x) cm. while focal length given is f = 18 cm. Using the mentioned formula : 1/18 =
/(113 -x)-1/~x=113/(( 113 -x) X x) . After Solving it we get x = 90.53307 cm. the distance from the object for the placement of

I
the lens is = 90.53307 cm.(b) And for magnifications have‘ 3‘ = ‘ % ‘ = |22.46693/90.53307| = 0.2481626
u

91. If the refractive index of a media w.r.t air o™ is 1.52. What is the speed of light in the media? Speed of light
in vacuum/air is 3 x 10® m/sec.

v
SOLUTION: As we know the formula for relation between velocity of light in different media and in air/vacuum as :m, p'™2 = %
™o
V. 3 x 108
Using the mentioned formula we have : ou™ = V—a = % = Vg = (3 X 108 )/ 1.52 = 1.973684x 108 m/sec.
m ma

92. The refractive index of medial w.r.t air is 0.55 and of media2 w.r.t air is 1.3 . What is refractive index of media2
w.r.t medial ,,, ™2 .

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial mq "2 as :m p"™2 = a'u—ml =1.3/0.55
alk
=236

93. The refractive index of medial w.r.t air is 0.95 and refractive index of medial w.r.t media2 is 0.65 . What is
refractive index of media2 w.r.t air.

mo
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, p™2 as :m;p™? = a'uml
alt
ml_a/’l’m17 - mo . mo — —
map™t = =0.65=0.95/u™2 : So ou™2 = 0.95/0.65 = 1.46
alt

94. Find the radius of curvature of the convex surface of a Plano convex lens, whose focal length is 14.5cm and
refractive index of the material of lens material wr.t air is 3.25 ) )

1
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz - 1) (R— — R_> = ? According to
1 2

1 1

question p = 3.25, Ry = infinity ,Ry = ? and f'= 14.5 cm : So using the mentioned formula we have : (3.25 -1) (— — R_> =
o 2

1/14.5 = 2.25/R2 = 1/14.5 SoRy = 32.625cm. = 32.625cm.

95. The radius of curvature of either surfaces of a convex lens is equal to it’s focal length. What is the refractive
index of the material ?

1 1 1
SOLUTION: (a) As we know the formula for refraction by double refractive index iS.'(LuZ — 1) (R— — R_> = ? .According to
1 2
1 1
question p = ? , R1 = +f,Ra = -f (where fis the focal length ) So using the mentioned formula we have :(u — 1) +_f - _f> =

1 2 1
7= (n—1) <?> == (w—1)=(1/2): Sop=(1+(1/2)=3/2=15...... Ans.

96. A biconvex lens with both faces of the same radius of curvature is to be manufactured from a glass of refractive
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index 1.3What should be the radius of curvature for the focal length of the lens to be 19.5 cm.?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (1“2 - 1) <R= — R=> = 7 According to ques-
1 2
1 1
tion p = 1.3, R1 = +R ,R2 = -R and the focal length = 19.5 cm. So using the mentioned formula we have : (1.3 -1) (ﬁ - —R>

2
=1/19.5 = 0.3x (E) =(1/19.5) = R = 11.7cm. Radius of curvature of both faces is equal to 11.7cm.

The focal length of a convex lens in air is 23 cm. and the refractive index of glass material w.rt airis 1.5 . What
will be it’s focal length when it is immersed in a media whose refractive index w.r.t air is (i) 1.25 (11) 3.25 (iii)
1.125 (iv) 2.25

1 1 1

SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) ( R R—) = ]T ——(1) Where fa
1 2 a

1 1 1
is focal length in air Similarly focal length in media will be given as : (m,ug -1) ( R F) = f_ ——(2) Where fp, is focal
1 2 m
9 _ 9 —1) Xqu™
length in media dividing equation (1) by (2) we get: fr,, = ak = >< fa . Which can be rearrange as : frn, = u X
mpd — (ap9 —a p™)

fa:

= (1) fm =[(1.5-1) X 1.25/(1.5-1.25)] X 23 = fm =57.5cm. = So focal length in the media will be given as : 57.5cm.

(2) frm = [(1.5-1) X 3.25/(1.5-3.25)] X 23 = fp =-21.35714cm. = So focal length in the media will be given as : -21.35714cm.
3) fm =[(1.5-1) X 1.125/(1.5- 1.125)] X 23 = fm = 34.5cm. = So focal length in the media will be given as : 34.5cm.

(4) frm = [(1.5-1) X 2.25/(1.5 - 2.25)] X 23 = fm =-34.5cm. = So focal length in the media will be given as : -34.5cm.

The radius of curvatures of a double convex lens are 45 cm. and 39 cm respectively while refractive index of
the material of lens w.rt air is 3. Find it’s focal length?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (qu9 — 1) ( R ) . Where fa is focal
1 2

length in air According to question p = 3, R1 = 45 cm. ,R2 = -39 cm. So using the mentioned formula we have [(3-1)(1/(+45)
-1/-39)] = ? = f=[(45 X 39/(3 -1) X (45 + 39))] after solving it we get [ = 10.44643

The radius of curvatures of a double convex lens are 29 cm , 38 cm respectively and focal length27 cm. Find
refractive index of the material of lens w..t ?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) R R_> = f_ . Where fa is focal
1 2 a

length in air According to question pp = ? , R1 = 29 cm. ,R = -38 cm.and focal length f= 27 cm. So using the mentioned formula
we have : [(p-1)(1/(+29) - 1/(-38)) = 1/27] = (p -1) = [(29 X 38)/((27) x (29 + 38))] after solving it we get p = 1.609176

If the ratio of radius of curvatures of a biconvex lens is 2 : 4 and focal length is 28 cm. Find the refractive index
of the material of lens w.r.t air while curvature of first surface is 32 cm.

1 1 1
SOLUTION: As we know the formula for refmction by double refractive index is:(qu9 — 1) (R E = — . Where fais
1
focal length in air According to question p = ? , Ry = 2R = 64cm.,Ry = -4R = -128cm. and focal length f = 28 cm So using the

mentioned formula we have : [(p-])(]/(+64) ]/( 128))] =128 = (u-1)=[((2 X 4)/(2+4)) x 32 x 1/28] = pn = [((2 x 4)/(2
+4)) x 32 x 1/28] + 1 after solving it we get p = 2.523809

If the ratio of radius of curvatures of a biconvex lens is 4 : 3 and refractive index of the material of lens w.r.t air

is 2.4 while curvature of first surface is 29 cm. Find the focal length of the lens

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) R = f_ . Where fa is focal
1 2 a

length in air According to question p = 2.4, R1 = 4R = 116cm.,R2 = -3R = -87cm. and focal length f = ? So using the mentioned
1
Sformula we have : [(2.4-1)(1/(+116) - 1/(-87))] = ? = f=[((4 X 3 X 29/((4 + 3) x (2.4- 1))] after solving it we get f = 35.5102

An object 1 cm high is placed 47 cm in front of a convex lens of focal length 14 cm. What is the position and
height of the image?

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
voou

According to question u = -47 cm. , f= 14 cm. and height of the object h = Ilcm. , v = ? and height of image hl = ? . Now using
the mentioned formula we have 1/ 14 = 1/v - 1/ -47 = v = [(47 X 14)/(47 - 14 )] = 19.93939cm.(b) And for height of Image we

v Im g
have‘ z ‘ = = |19.93939/47| = |Im/1| = Im = 0.4242424 cm.
u

An object 2 cm high is placed 20 cm in front of a concave lens of focal length -20 cm. What is the position and
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height of the image?

1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— =

S

1
— — . Where fis focal length of the
u

lens According to question u = -20 cm. , f=-20 cm. and height of the object h = 2cm. v = ? , and height of image hl = ? . Now
using the mentioned formula we have 1/-20 = 1/v - 1/-20 = v = [(20 x -20)/(20 + 20 )] = -10cm.(b) And for height of Image we

I
% ‘ = |-10/20) = |Im/2| = Im = I em.

v
have‘—‘ =
u

104. An object placed 20 cm. from a lens produces a virtual/real image at 20 cm. from the lens. (a) What is the focal
length of the lens? (b) Is the lens convex or concave? (c) What is the height of the Image if the height of object
is 2cm. L1

SOLUTION: As we know the formula for refraction by thin concave/convex lens is:= = — — — . Where fis focal length of the lens
According to question: (a) If image is real u = -20 cm. , v = 20 cm. and height of the objequt h :u2cm. =7, and height of image hl
= ? . Now using the mentioned formula we have 1 1720 - 1/-20 = = [(20 x 20)/(20 + 20 )] = 10cm. And for height of Image
s f
Ob
objecth = 2cm. f=7? , and height of image hI = ? . Now using the mentioned formula we have % =1/-20) - 1/(-20) = f= [(20 X

we have‘ z ‘ = ‘ ‘ = 120/20| = |Im/2| = Im = 2 cm. Next case: (b)image is unreal u = -20 cm. , v = -20 cm. and height of the
u

I
-20)/(20 + -20 )] = -Infinitycm.(b) And for height of Image we have‘ :‘ = ‘%‘ = |-20/20| = |Im/2| = Im =2 cm.
u

105. An object is placed 191 cm from a screen. A converging lens with a 26 cm focal length is then placed between
the object and the screen and used to form a focused image on the screen. Find (a) the distance from the object

for the placement of the lens, (b) the magnification.

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is: — = — — — . Where fis focal length of the lens
voou

(a)As image is real let u = -x cm. , So v = (191 - x) cm. while focal length given is f= 26 cm. Using the mentioned formula : 1/26 =
1/(191 -x) - 1/x =191/ (( 191 - x) X x) . After Solving it we get x = 159.9535 cm. the distance from the object for the placement of

Img
—= | = |31.04652/159.9535| = 0.1940972

the lens is = 159.9535 cm.(b) And for magnifications have‘ E‘ = Ob
u

106. If the refractive index of a media w.r.t air ™ is 1.52. What is the speed of light in the media? Speed of light
in vacuum/air is 3 x 10® m/sec.

SOLUTION: As we know the formula for relation between velocity of light in different media and in air/vacuum as :m, p'™2 = le
mao
V. 3 x 108
Using the mentioned formula we have : ou™ = V—a = % = Vimg = (3 x 108 )/ 1.52 = 1.973684x 108 m/sec.
m mo

107. The refractive index of medial w.r.t air is 0.55 and of media2 wir.t airis 1.95 . What is refractive index of media2
w.r.t medial ,,, ™2 .

a/Jan2

ap™1

SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, 1™2 as :m, p'™2 = =195/

0.55 = 3.55

108. The refractive index of medial w.r.t air is 2.85 and refractive index of medial w.r.t media2 is 1.95 . What is
refractive index of media2 w.r.t air.

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, p™2 as :m;p™? = ak

a/mel

m
mlza/’l’ !

a2

=1.95=285/qu™2 : S0 qu™2 =2.85/1.95 =146

109. Find the radius of curvature of the convex surface of a Plano convex lens, whose focal length is 24.5cm and
refractive index of the material of lens material w.r.t air is 1.3

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz — 1) (R— — R_> = ? According to
1 2

1 1

question . = 1.3, Ry = infinity ,Ro = ? and f = 24.5 cm : So using the mentioned formula we have : (1.3 -1) (— — R_> =
o] 2

1/24.5 = 0.3/R2 = 1/24.5 SoR2 = 7.349999cm. = 7.349999cm.

110. The radius of curvature of either surfaces of a convex lens is equal to it’s focal length. What is the refractive
index of the material ?

1 1 1
SOLUTION: (a) As we know the formula for refraction by double refractive index iS.'(LuZ — 1) (R_ — R_> = ? .According to
1 2
1 1
question p = ? , Ry = +f,Ro = -f (where fis the focal length ) So using the mentioned formula we have :(u — 1) <+_f - _f> =
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% = (u—1) (;) = % = (u—1)=(1/2): Sop=(1+(1/2)=32=15.... Ans.

A biconvex lens with both faces of the same radius of curvature is to be manufactured from a glass of refractive
index 0.65What should be the radius of curvature for the focal length of the lens to be 6.5 cm.?

1 1 1

SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz - 1) (R— — R_> = — .According to
1 2

question p = 0.65, Ry = +R ,Ry = -R and the focal length = 6.5 cm. So using the mentioned formula we have : ( 0.65 -

1 1 2
D\ — ———= | =1/6.5=-035x | = | =(1/6.5) = R = -4.55cm. Radius of curvature of both faces is equal to -4.55cm.
+R —R R

The focal length of a convex lens in air is 24 cm. and the refractive index of glass material w.rt airis 1.5 . What
will be it’s focal length when it is immersed in a media whose refractive index w.rt air is (i) 2 (11) 4 (iii) 1.5 (iv)
3

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (qu9 — 1) (R_ - R_> = f_ ——(1) Where fa
1 2 a
1 1 1
is focal length in air Similarly focal length in media will be given as :(mp9 — 1) <? — ?> = f= ———(2) Where fm, is focal
1 2 m
9 _1 9 —1) Xq pu™
length in media dividing equation (1) by (2) we get: fr,, = al = X fa . Which can be rearrange as : fm = M X
mpd —1 (ap? —a p™)
fa

= (1) fm =[(1.5-1) X 2/(1.5-2)] X 24 = fm, =-48cm. = So focal length in the media will be given as : -48cm.

(2) fm =[(1.5-1) X 4/(1.5-4)] X 24 = fim, =-19.2cm. = So focal length in the media will be given as : -19.2cm.

3) fm =[(1.5-1) X 1.5/(1.5 - 1.5)] X 24 = fm, = Infinitycm. = So focal length in the media will be given as : Infinitycm.
(4) fm =[(1.5-1) X 3/(1.5 - 3)] X 24 = fm, = -24cm. = So focal length in the media will be given as : -24cm.

The radius of curvatures of a double convex lens are 25 cm. and 32 cm respectively while refractive index of
the material of lens w.r.t air is 0.75. Find it’s focal length?
1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is:(au9 — 1) (— ) = — . Where fais

Rl a E2 a
focal length in air According to question . = 0.75, R1 = 25 cm. ,R2 = -32 cm. So using the mentioned formula we have : [( 0.75

-D(1/(+25) - 1/(-32))] = % = f=[(25 x 32)/((0.75 -1) x (25 + 32))] after solving it we get f = -56.14035

The radius of curvatures of a double convex lens are 27 cm , 36 cm respectively and focal length16 cm. Find
refractive index of the material of lens w.r.t ?

1 1 1

SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) R R_> = f_ . Where fa is focal
1 2 a

length in air According to question pp = ? , Ry = 27 cm. ,Rg = -36 cm.and focal length f= 16 cm. So using the mentioned formula

we have : [(p-1)(1/(+27) - 1/(-36)) = 1/16] = (p -1) = [(27 X 36)/((16) x (27 + 36))] after solving it we get 1 = 1.964286

If the ratio of radius of curvatures of a biconvex lens is 2 : 4 and focal length is 23 cm. Find the refractive index
of the material of lens w.r.t air while curvature of first surface is 23 cm. ) ) )
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R_ — R_> = f_ . Where fa is focal
1 2
length in air According to question p = ? , Ry = 2R = 46¢cm., Ry = -4R = -92cm. and focal length f= 23 cm. Sotzlzsing the mentioned
formula we have : [( p -1)(1/(+46 ) - 1/(-92)] = 1/23 = (1 -1) = [(2 x /2 +4)) x 23 x 1/23] = pu = [(2 X 4)/(2 + 4)) x
23 x 1/23] + 1 after solving it we get u = 2.333333

If the ratio of radius of curvatures of a biconvex lens is 2 : 3 and refractive index of the material of lens w.r.t air

is 3.2 while curvature of first surface is 34 cm. Find the focal length of the lens

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) N = f_ . Where fa is focal
1 2

a
length in air According to question pn = 3.2, Ry = 2R = 68cm.,Ry = -3R = -102cm. and focal length f = ? So using the mentioned
1
Sformula we have : [(3.2-1)(1/(+68 ) - 1/(-102))] = ? =1=[(2 %X 3 x34)/((2+3) x (3.2- 1))] after solving it we get f = 18.54545

An object 4 cm high is placed 58 cm in front of a convex lens of focal length 22 cm. What is the position and

height of the image?
1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is.7 = — — — . Where fis focal length of the lens
voou
According to question u = -58 cm. , f= 22 cm. and height of the object h = 4cm. , v = ? and height of image hl = ? . Now using
the mentioned formula we have 1/ 22 = 1/v - 1/ -58 = v = [(58 X 22)/(58 - 22 )] = 35.44444cm.(b) And for height of Image we

v Img
have‘ —‘ =10 = |35.44444/58| = |Im/4| = Im = 2.444444 cm.
u

An object 9 cm high is placed 11 cm in front of a concave lens of focal length -32 cm. What is the position and
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height of the image?

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:? = — — — . Where fis focal length of the lens
voou

According to question u = -11 cm. , f=-32 cm. and height of the object h = 9cm. v = ? , and height of image hl = ? . Now using
the mentioned formula we have 1/ -32 = 1/v - 1/-11 = v = [(1] X -32)/(1] + 32 )] = -8.186047cm.(b) And for height of Image we

v Img
have‘ —‘ = | o | = [-8.186047/11| = |im/9) = Im = 6.697674 cm.
u

119. An object placed 39 cm. from a lens produces a virtual/real image at 13 cm. from the lens. (a) What is the focal
length of the lens? (b) Is the lens convex or concave? (c) What is the height of the Image if the height of object
is lem. L1

SOLUTION: As we know the formula for refraction by thin concave/convex lens is:= = — — — . Where fis focal length of the lens
According to question:(a) If image is real u = -39 cm. , v = 13 cm. and height of the objecqtjh = ?cm. =7, and height of image hl =
? . Now using the mentioned formula we have 1 1/13-1/-39=f=[(39 x 13)/(39 + 13 )] = 9.75cm. And for height of Image we
g f
Ob
of the object h = Icm. f=? , and height of image hI = ? . Now using the mentioned formula we have % =1/-13)-1/(-39) = f=

have‘ E‘ = ‘ ‘ = [13/39| = |Im/1| = Im = 0.3333333 cm. Next case: (b)image is unreal u = -39 cm. , v =-13 cm. and height
u

I
39 X -13)/(39 +-13 )] = -19.5cm.(b) And for height of Image we have| 2| = | =2 | = |-13/39| = |Im/I| = Im = 0.3333333 cm.
Ob
u

120. An object is placed 106 cm from a screen. A converging lens with a 26 cm focal length is then placed between
the object and the screen and used to form a focused image on the screen. Find (a) the distance from the object

for the placement of the lens, (b) the magnification.

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is: ? = — — — . Wheref'is focal length of the lens
voou

(a)As image is real let u = -x cm. , So v = (106 - x) cm. while focal length given is f= 26 cm. Using the mentioned formula : 1/26 =
1/(106 - x) - 1/x =106/ (( 106 - x) X x) . After Solving it we get x = 60.28011 cm. the distance from the object for the placement of

I
the lens is = 60.28011 cm.(b) And for magnifications have‘ g ‘ = % ‘ = |45.71989/60.28011| = 0.7584573
u

121. If the refractive index of a media w.r.t air '™ is 2.28. What is the speed of light in the media? Speed of light
in vacuum/air is 3 x 10® m/sec.

SOLUTION: As we know the formula for relation between velocity of light in different media and in air/vacuum as :m, p'™2 = le
mao
V. 3 x 108
Using the mentioned formula we have : ou™ = V—a = % = Vimg = (3 x 108 )/2.28 = 1.31579x108 m/sec.
m mo

122. The refractive index of medial w.r.t air is 1.1 and of media2 w.r.t air is 0.65 . What is refractive index of media2
w.r.t medial ,,, ™2 .

ap™?2

ap™1

SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, 1™2 as :m, p'™2 = =0.65/

1.1 =059

123. The refractive index of medial w.r.t air is 0.95 and refractive index of medial w.r.t media2 is 0.65 . What is
refractive index of media2 w.r.t air.

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, p™2 as :m;p™? = ak

ap™1

m
mlza/’l’ !

a/Jan2

=0.65=0.95/qpu™2 : So qu™2 = 0.95/0.65 = 1.46

124. Find the radius of curvature of the convex surface of a Plano convex lens, whose focal length is 9cm and
refractive index of the material of lens material w.r.t air is 0.65

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz — 1) (R— — R_> = ? According to
1 2

1 1

question p = 0.65, R1 = infinity ,R2 = ? and =9 cm : So using the mentioned formula we have : ( 0.65 -1) (— - R_> =1/9
oo 2

= -0.35/R2 = 1/9 SoR2 = -3.15cm. = -3.15cm.

125. The radius of curvature of either surfaces of a convex lens is equal to it’s focal length. What is the refractive
index of the material ?

1 1 1
SOLUTION: (a) As we know the formula for refraction by double refractive index iS.'(LuZ — 1) (R_ — R_> = ? .According to
1 2
1 1
question p = ? , Ry = +f,Ro = -f (where fis the focal length ) So using the mentioned formula we have :(u — 1) <+_f - _f> =
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% = (u—1) (;) = % = (u—1)=(1/2): Sop=(1+(1/2)=32=15.... Ans.

A biconvex lens with both faces of the same radius of curvature is to be manufactured from a glass of refractive
index 2.6What should be the radius of curvature for the focal length of the lens to be 17 cm.?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: ( u? - 1) ( R R_> = ? According to ques-
1 2
1 1
tion p = 2.6, R1 = +R ,R2 = -R and the focal length = 17 cm. So using the mentioned formula we have : (2.6 -1) (ﬁ - —R>

2
=1/17=1.6x% <1—%> = (1/17) = R = 54.4cm. Radius of curvature of both faces is equal to 54.4cm.

The focal length of a convex lens in air is 23.5 cm. and the refractive index of glass material w.rt air is 1.5 .
What will be it’s focal length when it is immersed in a media whose refractive index w.r.t air is (i) 1.25 (11) 3.25
(iii) 1.125 (iv) 2.25

1 1 1

SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) <R= - R=> = f= ——(1) Where fa
1 2 a

1 1 1
is focal length in air Similarly focal length in media will be given as : (m,ug -1) ( R E) = f— ——(2) Where fp, is focal
1 2 m
9 _ 9 —1) Xqu™
length in media dividing equation (1) by (2) we get: fr, = ol = M X

X fa . Which can be rearrange as : fm =
mpd =177 " (an9 —a p™)
fa:
= (1) fm =[(1.5-1) X 1.25/(1.5-1.25)] X 23.5 = fm = 58.75cm. = So focal length in the media will be given as : 58.75cm.
(2) fm =[(1.5-1) X 3.25/(1.5 -3.25)] X 23.5 = fm =-21.82143cm. = So focal length in the media will be given as : -21.82143cm.
(3) fm =[(1.5-1) x 1.125/(1.5 - 1.125)] X 23.5 = fm = 35.25cm. = So focal length in the media will be given as : 35.25cm.

(4) fm = [(1.5-1) X 2.25/(1.5 - 2.25)] X 23.5 = fm =-35.25cm. = So focal length in the media will be given as : -35.25cm.

The radius of curvatures of a double convex lens are 27 cm. and 32 cm respectively while refractive index of
the material of lens w.r.t air is 0.75. Find it’s focal length?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is:(qu9 — 1) (E - F) = f_ . Where fa is
1 2 a

focal length in air According to question . = 0.75, R1 = 27 cm. ,R2 = -32 cm. So using the mentioned formula we have : [( 0.75
1
-D(1/(+27) - 1/(-32))] = ? == [(27 X 32)/((0.75 -1) x (27 + 32))] after solving it we get f = -58.57627

The radius of curvatures of a double convex lens are 45 cm , 38 cm respectively and focal length28 cm. Find
refractive index of the material of lens w.r.t ? . .

SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R_ - R_> f . Where fa is focal
1 2 a

length in air According to question pp = ? , R1 = 45 cm. ,R2 = -38 cm.and focal length = 28 cm. So using the mentioned formula
we have : [((p -1)(1/(+45) - 1/(-38)) = 1/28] = (1) = [(45 X 38)/((28) x (45 + 38))] after solving it we get pp = 1.7358

If the ratio of radius of curvatures of a biconvex lens is 4 : 5 and focal length is 17 cm. Find the refractive index
of the material of lens w.r.t air while curvature of first surface is 26 cm.
1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) . Where fa is focal

R1 Rz
length in air According to question pp = ? , Ry = 4R = 104cm.,Ry = -5R = -130cm. and focal length f = 17 cm. So using the

mentioned formula we have : [( p -1)(]/(+]04) 1/-130)] =1/17 = (p-1) = [((4 X 5)/(4+5) x 26 x 1/17] = p = [((4 X
5)/(4+5) x 26 x1/17] + 1 after solving it we get . = 4.398693

If the ratio of radius of curvatures of a biconvex lens is 3 : 5 and refractive index of the material of lens w.r.t air

is 1.6 while curvature of first surface is 25 cm. Find the focal length of the lens

1 1
—) . Where fa is focal
Ri Ry fa

length in air According to question pp = 1.6, R1 = 3R = 75cm.,R2 = -5R = -125cm. and focal length f = ? So using the mentioned
1
Sformula we have : [( 1.6 -1)(1/(+75) - 1/(-125))] = ? =f1=[((3 x5 %X 25/(3+5) X (1.6- 1))] after solving it we get = 78.125

SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (

An object 3 cm high is placed 31 cm in front of a convex lens of focal length 18 cm. What is the position and
height of the image?
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:l = 1 — 1 . Where fis focal length of the lens
According to question u = -31 cm. , f= 18 cm. and height of the object h = 3cm. , v = ;J anduheight of image hl = ? . Now using
the mentioned formula we have 1/ 18 = 1/v - 1/-31 = v = [(3]1 x 18)/(31 - 18 )] = 42.92308cm.(b) And for height of Image we

I
have‘:‘ =|=4 | = |42.92308/31| = |Im/3| = Im = 4.153846 cm.
u
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An object 2 cm high is placed 41 cm in front of a concave lens of focal length -18 cm. What is the position and
height of the image?

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
voou

According to question u = -41 cm. , f = -18 cm. and height of the object h = 2cm. v = ? , and height of image hl = ? . Now using
the mentioned formula we have 1/ -18 = 1/v - 1/-41 = v = [(4]1 X -18)/(4]1 + 18 )] = -12.50847cm.(b) And for height of Image we
I

% ‘ = |-12.50847/41| = |Im/2| = Im = 0.6101695 cm.

v
have‘—‘ =
u

An object placed 29 cm. from a lens produces a virtual/real image at 40 cm. from the lens. (a) What is the focal
length of the lens? (b) Is the lens convex or concave? (c) What is the height of the Image if the height of object
is Scm. L1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:= = — — — . Where fis focal length of the lens
According to question: (a) If image is real u = -29 cm. , v = 40 cm. and height of the objequt h :u5cm. =7, and height of image hl
= ? . Now using the mentioned formula we have L 1/40-1/-29 = = [(29 X 40)/(29 + 40 )] = 16.81159cm. And for height of

I
Image we have‘ 2 ‘ = ‘% ‘ = 140/29| = |Im/5| = Im = 6.896552 cm. Next case: (b)image is unreal u = -29 cm. , v =-40 cm.
u

1
and height of the object h = S5cm. f=? , and height of image hl = ? . Now using the mentioned formula we have — = 1/(-40) - 1/

Img

(-29) = = [(29 X -40)/(29 + -40 )] = 105.4545cm.(b) And for height of Image we have‘ z ‘ = ‘ Ob
u

=6.896552 cm.

‘ = |-40/29| = |Im/5| = Im

An object is placed 153 cm from a screen. A converging lens with a 37 cm focal length is then placed between
the object and the screen and used to form a focused image on the screen. Find (a) the distance from the object

for the placement of the lens, (b) the magnification.

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is: — = — — — . Where fis focal length of the lens
v

(a)As image is real let u = -x cm. , So v = (153 - x) cm. while focal length given is f= 37 cm. Using the mentioned formula : 1/37 =
1/(153 -x) - 1/x =153/ ((153 - x) X x) . After Solving it we get x = 90.32932 cm. the distance from the object for the placement of

I
the lens is = 90.32932 cm.(b) And for magnifications have‘ 3‘ = % ‘ = [62.67068/90.32932| = 0.6938023
u

If the refractive index of a media w.r.t air o™ is 0.76. What is the speed of light in the media? Speed of light
in vacuum/air is 3 x 10® m/sec.

v
SOLUTION: As we know the formula for relation between velocity of light in different media and in air/vacuum as :m, p"™2 = %
ma
V. 3 x 108
Using the mentioned formula we have : ou™ = V—a = % = Vimg = (3 x 108 )/0.76 = 3.947368x 108 m/sec.
m mo

The refractive index of medial w.r.t air is 1.65 and of media2 wir.t air is 0.65 . What is refractive index of media2
w.r.t medial ,,, ™2 .

a/Jan2
ap™1

SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial ;™2 as :m, p'™2 = =0.65/

1.65 =0.39

The refractive index of medial wr.t air is 2.85 and refractive index of medial w.r.t media2 is 2.6 . What is
refractive index of media2 w.r.t air.

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, p™2 as :m;p™? = akt

a/mel

my

™ = “Z—mz = 2.6 =2.85/au™2 : S0 qu™2 = 2.85/2.6 = 1.1
a

Find the radius of curvature of the convex surface of a Plano convex lens, whose focal length is 18cm and

refractive index of the material of lens material w.r.t air is 0.65

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz — 1) (R— — R_> = ? According to
1 2

1 1
question . = 0.65, R1 = infinity ,R2 = ? and f= 18 cm : So using the mentioned formula we have : ( 0.65 -1) (— — R_> =

o] 2
1/18 = -0.35/R2 = 1/18 SoR2 = -6.3cm. = -6.3cm.

The radius of curvature of either surfaces of a convex lens is equal to it’s focal length. What is the refractive
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index of the material ?

1 1 1
SOLUTION: (a) As we know the formula for refraction by double refractive index iS.'(LuZ - 1) (R— — R_> = ? .According to
1 2
1 1
question p = ? , Ry = +f,Ro = -f (where fis the focal length ) So using the mentioned formula we have :(u — 1) +=f - =f>

% = (u—1) (;) = % = (u—1)=(1/2): Sop=(1+(1/2)=32=15.... Ans.

A biconvex lens with both faces of the same radius of curvature is to be manufactured from a glass of refractive
index 1.3What should be the radius of curvature for the focal length of the lens to be 22 cm.?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (1“2 - 1) (R— — R_> = ? According to ques-
1 2

1 1
tion p = 1.3, Ry = +R,Ra = -R and the focal length = 22 cm. So using the mentioned formula we have : (1.3 -1) ( TR R)

2
=1/22=0.3x% (1—%> =(1/22) = R = 13.2cm. Radius of curvature of both faces is equal to 13.2cm.

The focal length of a convex lens in air is 24 cm. and the refractive index of glass material w.rt airis 1.5 . What
will be it’s focal length when it is immersed in a media whose refractive index w.r.t air is (i) 1.25 (11) 3.25 (iii)
1.125 (iv) 2.25

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) <R= - R=> = f= ——(1) Where fa
1 2 a
1 1 1
is focal length in air Similarly focal length in media will be given as :(mp9 — 1) ( R F) = f_ ——(2) Where fm, is focal
1 2 m
9 _1 9 —1) Xq pu™
length in media dividing equation (1) by (2) we get: fr,, = ol = X fa . Which can be rearrange as : fm = M X
mpd —1 (ap9 —a p™)

fa:

= (1) fm =[(1.5-1) X 1.25/(1.5 - 1.25)] X 24 = fm = 60cm. = So focal length in the media will be given as : 60cm.

(2) fm =[(1.5-1) X 3.25/(1.5 - 3.25)] X 24 = fm =-22.28572cm. = So focal length in the media will be given as : -22.28572cm.
3) fm =[(1.5-1) X 1.125/(1.5- 1.125)] X 24 = f, = 36cm. = So focal length in the media will be given as : 36cm.

(4) fm =[(1.5-1) X 2.25/(1.5 - 2.25)] X 24 = fm =-36cm. = So focal length in the media will be given as : -36cm.

The radius of curvatures of a double convex lens are 32 cm. and 31 cm respectively while refractive index of

the material of lens w.rt air is 3. Find it’s focal length?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a 19 — 1) ( R . Where fa is focal
1 2

length in air According to question p = 3, Ry = 32 cm. ,Ry = -31 cm. So using the mentioned formula we have [(3-D(1/(+32)
-1/-31)] = ? = f=[(32 X 3D/(3-1) x (32 + 31))] after solving it we get [ = 7.873016

The radius of curvatures of a double convex lens are 28 cm , 30 cm respectively and focal length25.5 cm. Find
refractive index of the material of lens w..t ? 1

1

SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) e R_> f . Where fa is focal
1 2 a

length in air According to question p = ? , Ry = 28 cm. ,Ra = -30 cm.and focal length f= 25.5 cm. So using the mentioned formula

we have : [((p -1)(1/(+28) - 1/(-30)) = 1/25.5] = (p -1) = [(28 X 30)/((25.5) x (28 + 30))] after solving it we get p = 1.567951

If the ratio of radius of curvatures of a biconvex lens is 3 : 4 and focal length is 10 cm. Find the refractive index
of the material of lens w.r.t air while curvature of first surface is 35 cm.
1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R_ - R_> f . Where fa is focal
1 2 a
length in air According to question pp = ? , R1 = 3R = 105cm.,R2 = -4R = -140cm. and focal length f = 10 cm. So using the
mentioned formula we have : [( p-1)(1/(+105) - 1/(-140))] = 1/10 = (pn-1) = [(B X 4)/(3 +4) x 35 x 1/10] = p = [((3 X
4)/(3+4)) x 35 x 1/10] + 1 after solving it we get . =7

If the ratio of radius of curvatures of a biconvex lens is 3 : 4 and refractive index of the material of lens w.r.t air

is 1.6 while curvature of first surface is 35 cm. Find the focal length of the lens

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) N f . Where fa is focal
1 2

length in air According to question p = 1.6, Ry = 3R = 105cm.,Ry = -4R = -140cm. and focal length f = ? So using the mentioned
1
Sformula we have : [(1.6 -1)(1/(+105) - 1/(-140))] = ? =f=[((3 x4 x35/(3+4) x (1.6- 1))] after solving it we get f = 99.99999

An object 2 cm high is placed 29 cm in front of a convex lens of focal length 16 cm. What is the position and
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height of the image?

1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
u

Ve | =

According to question u = -29 cm. , f= 16 cm. and height of the object h = 2cm. , v =
the mentioned formula we have 1/ 16 = 1/v - 1/-29 = v = [(29 X 16)/(29 - 16 )] = 3

Img
b = |35.69231/29| = |Im/2| = Im = 2.461538 cm.

? and height of image hI = ? . Now using
.69231cm.(b) And for height of Image we

n

v
have‘—‘ =
u

An object 2 cm high is placed 40 cm in front of a concave lens of focal length -32 cm. What is the position and
height of the image?

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
voou

According to question u = -40 cm. , f =-32 cm. and height of the object h = 2cm. v = ? , and height of image hl = ? . Now using
the mentioned formula we have 1/ -32 = 1/v - 1/-40 = v = [(40 X -32)/(40 + 32 )] = -17.77778cm.(b) And for height of Image we

Img
—= | = |-17.77778/40| = |Im/2| = Im = 0.888889 cm.

have‘ L ‘ =
u Ob

An object placed 46 cm. from a lens produces a virtual/real image at 11 cm. from the lens. (a) What is the focal
length of the lens? (b) Is the lens convex or concave? (c) What is the height of the Image if the height of object
is 6cm. L1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
According to question:(a) If image is real u = -46 cm. , v = 11 cm. and height of the objec?h = gcm. =7, and height of image hl =
? . Now using the mentioned formula we have % =1/11-1/-46 = = [(46 X 11)/(46 + 11 )] = 8.877193cm. And for height of Image

I
we have‘ i ‘ = ‘% ‘ = |11/46| = |Im/6| = Im = 1.434783 cm. Next case: (b)image is unreal u = -46 cm. , v =-1I cm. and height
u

1
of the object h = 6¢cm. f=? , and height of image hl = ? . Now using the mentioned formula we have — = 1/(-11) - 1/ (-46) = f =

Img

[(46 X -11)/(46 + -11 )] = -14.45714cm.(b) And for height of Image we have‘ L ‘ - ‘ o
u

cm.

‘ = |-11/46| = |Im/6| = Im = 1.434783

An object is placed 64 cm from a screen. A converging lens with a 16 cm focal length is then placed between
the object and the screen and used to form a focused image on the screen. Find (a) the distance from the object

for the placement of the lens, (b) the magnification.

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is: ? = — — — . Wheref'is focal length of the lens
voou

(a)As image is real let u = -x cm. , Sov = (64 - x) cm. while focal length given is f = 16 cm. Using the mentioned formula : 1/16 =
1/(64 -x) - 1/-x = 64 /(( 64 - x) X x). After Solving it we get x = 32 cm. the distance from the object for the placement of the lens is

I
= 32 c¢m.(b) And for magnifications have‘ 2 ‘ = % ‘ =132/32| =1
u

If the refractive index of a media w.r.t air o™ is 1.52. What is the speed of light in the media? Speed of light
in vacuum/air is 3 x 10® m/sec.

v
SOLUTION: As we know the formula for relation between velocity of light in different media and in air/vacuum as :m, p'™2 = %
™o
V. 3 x 108
Using the mentioned formula we have : ou™ = V—a = % = Vg = (3 X 108 )/ 1.52 = 1.973684x 108 m/sec.
m ma

The refractive index of medial wr.t air is 1.1 and of media2 w.r.t air is 2.6 . What is refractive index of media2
w.rt medial ,,,, "2 .
ap™?

apt™1

SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, p"™2 as :m, p™2 = =26/11

=236

The refractive index of medial wrt air is 0.95 and refractive index of medial w.r.t media2 is 1.95 . What is
refractive index of media2 w.r.t air.

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, p™?2 as :m;p™? = a'u—ml
alk

my

™ = “Z—mz = 1.95= 0.95/q™2 : So g™ = 0.95/1.95 = 0.49
a

Find the radius of curvature of the convex surface of a Plano convex lens, whose focal length is 6.5cm and

refractive index of the material of lens material w.r.t air is 0.65

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz - 1) (R— — R_> = ? According to
1 2
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1 1
question p = 0.65, R1 = infinity ,R2 = ? and f= 6.5 cm : So using the mentioned formula we have : ( 0.65 -1) (— — ?> =

o 2
1/6.5 = -0.35/R2 = 1/6.5 SoRa = -2.275¢m. = -2.275cm.

155. The radius of curvature of either surfaces of a convex lens is equal to it’s focal length. What is the refractive
index of the material ?

1 1 1
SOLUTION: (a) As we know the formula for refraction by double refractive index iS.'(LuZ — 1) (R— — R_> = ? .According to
1 2
1 1
question p = ? , Ry = +f,Ro = -f (where fis the focal length ) So using the mentioned formula we have :(u — 1) <+_f - _f> =
1 2 1
7 =(p—1) <7> = 7 = pu—1)=(1/2):Sopn=(1+(1/2)=32=15..... Ans.

156. A biconvex lens with both faces of the same radius of curvature is to be manufactured from a glass of refractive

index 0.65What should be the radius of curvature for the focal length of the lens to be 19.5 cm.?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz — 1) (R_ — R_> = ? According to
1 2

question p = 0.65, Ry = +R ,Ry = -R and the focal length = 19.5 cm. So using the mentioned formula we have : ( 0.65
1 1 2
-1) (ﬁ — —R> =1/19.5 = -0.35% <§> =(1/19.5) = R = -13.65cm. Radius of curvature of both faces is equal to -13.65cm.

157. The focal length of a convex lens in air is 15 cm. and the refractive index of glass material w.r.t air is 1.5 . What
will be it’s focal length when it is immersed in a media whose refractive index w.rt air is (i) 2 (11) 4 (iii) 1.5 (iv)

3
1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R— — R_> = f_ ——(1) Where fa
1 2 a
1 1 1
is focal length in air Similarly focal length in media will be given as :(mp9 — 1) (F — F) = f_ ———(2) Where fm, is focal
1 2 m
9 _1 9 —1) Xq pu™
length in media dividing equation (1) by (2) we get: fr,, = ak = X fa . Which can be rearrange as : fm = M X
mpd —1 (ap? —a p™)

fa:

= (1) fm =[(1.5-1) X 2/(1.5-2)] X 15 = fm =-30cm. = So focal length in the media will be given as : -30cm.

2) fm =[(1.5-1) X 4/(1.5-4)] X 15 = fm =-12cm. = So focal length in the media will be given as : -12cm.

3) fm =[(1.5-1) X 1.5/(1.5-1.5)] X 15 = fum, = Infinitycm. = So focal length in the media will be given as : Infinitycm.
(4) fm =[(1.5-1) X 3/(1.5-3)] X 15 = fm =-15cm. = So focal length in the media will be given as : -15cm.

158. The radius of curvatures of a double convex lens are 29 cm. and 38 cm respectively while refractive index of
the material of lens w.r.t air is 0.75. Find it’s focal length?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is:(au? — 1) (E — E) = f_ . Where fa is
1 2 a

focal length in air According to question pn = 0.75, R1 = 29 cm. ,Ry = -38 cm. So using the mentioned formula we have : [( 0.75
1
-D(/+29) - 1/(-38))] = ? == [(29 x 38)/((0.75 -1) x (29 + 38))] after solving it we get f = -65.79105

159. The radius of curvatures of a double convex lens are 23 cm , 38 cm respectively and focal length21.5 cm. Find
refractive index of the material of lens w.r.t ? .

1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R— — R_> = f_ . Where fa is focal
1 2 a

length in air According to question p = ? , Ry = 23 cm. ,Ra = -38 cm.and focal length f= 21.5 cm. So using the mentioned formula
we have : [((p-1)(1/(+23) - 1/(-38)) = 1/21.5] = (p -1) = [(23 X 38)/((21.5) x (23 + 38))] after solving it we get . = 1.666412

160. If the ratio of radius of curvatures of a biconvex lens is 3 : 4 and focal length is 22 cm. Find the refractive index
of the material of lens w.r.t air while curvature of first surface is 28 cm. ) ) )

SOLUTION: As we know the formula for refraction by double refractive index is:(au9 — 1) N = f_ . Where fa is
1 2 a

focal length in air According to question p = ? , R1 = 3R = 84cm.,R2 = -4R = -112cm. and focal length f = 22 cm. So using the

mentioned formula we have : [(p-1)(1/(+84) - 1/(-112))] = 1/22 = (pn-1) = [(B X 4)/(3+4)) x 28 x 1/22] = p = [((3 X 4)/(3

+4)) x 28 x 1/22] + 1 after solving it we get p = 3.181818

161. If the ratio of radius of curvatures of a biconvex lens is 2 : 5 and refractive index of the material of lens w.r.t air

is 1.6 while curvature of first surface is 35 cm. Find the focal length of the lens

1 1 1

SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R— ~ B = f_ . Where fa is focal

1 2 a

length in air According to question pp = 1.6, Ry = 2R = 70cm.,Ry = -5R = -175cm. and focal length f = ? So using the mentioned
1

Sformula we have : [(1.6 -1)(1/(+70) - 1/(-175))] = ? =1=[(2 %X 5% 35/(2+5)x (1.6- 1))] after solving it we get f = 8§3.33333
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An object 5 cm high is placed 41 cm in front of a convex lens of focal length 14 cm. What is the position and
height of the image?

1 11
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
voou
According to question u = -41 cm. , f= 14 cm. and height of the object h = S5cm. , v = ? and height of image hI = ? . Now using

the mentioned formula we have 1/ 14 = 1/v - 1/ -41 = v = [(41 X 14)/(4] - ]4) = 21.25926cm.(b) And for height of Image we

I
have‘ —‘ = =2 ‘ = (21.25926/41| = |Im/5| = Im = 2.592593 cm.
u

An object 6 cm high is placed 45 cm in front of a concave lens of focal length -20 cm. What is the position and
height of the image?
1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
u

According to question u = -45 cm. , f = -20 cm. and height of the object h = 6cm. v = ’ , and height of image hI = ? . Now using
the mentioned formula we have 1/ -20 = 1/v - 1/-45 = v = [(45 X -20)/(45 + 20)] = -13 84615cm.(b) And for height oflmage we

Img
Ob = |-13.84615/45| = |Im/6| = Im = 1.846154 cm.

v
have‘—‘ =
u

An object placed 18 cm. from a lens produces a virtual/real image at 13 cm. from the lens. (a) What is the focal
length of the lens? (b) Is the lens convex or concave? (c) What is the height of the Image if the height of object
is 9cm.

SOLUTION: As we know the formula for refraction by thin concave/convex lens is:l = % — %L . Where fis focal length of the lens

According to question:(a) If image is real u = -18 cm. , v = 13 cm. and height of the object h = 9cm. f=? , and height of image
1
hl =? . Now using the mentioned formula we have ? =1/13-1/-18=f=[(18 X 13)/(18 + 13)] = 7.548387cm. And for height

Img

of Image we have‘g‘ = ‘ ‘ = |13/18| = |Im/9]| = Im = 6.5 cm. Next case: (b)image is unreal u =-18 cm. , v =-13 cm. and
u

1
height of the object h = 9cm. f=? , and height of image hl = ? . Now using the mentioned formula we have ? =1/-13) - 1/(-18)

I
=f=[(18 X -13)/(18 + -13 )] = -46.8cm.(b) And for height of Image we have‘ z ‘ = ‘ 19
u

‘ = |-13/18| = |Im/9| = Im = 6.5 cm.

An object is placed 189 cm from a screen. A converging lens with a 32 cm focal length is then placed between
the object and the screen and used to form a focused image on the screen. Find (a) the distance from the object

for the placement of the lens, (b) the magnification.

1 11
SOLUTION: As we know the formula for refraction by thin concave/convex lens is: — = — . Where f'is focal length of the lens

(a)As image is real let u = -x cm. , So v = (189 - x) cm. while focal length given is f = 32 cm. Uvmg the mentioned formula : 1/32 =
1/(189-x) -1/x=189/((189 - x) X x) . After Solving it we get x = 148.1866 cm. the distance from the object for the placement of

I
the lens is = 148.1866 cm.(b) And for magnifications have‘ 3‘ = % ‘ = |40.81342/148.1866) = 0.2754191
u

If the refractive index of a media w.r.t air o™ is 1.52. What is the speed of light in the media? Speed of light
in vacuum/air is 3 x 10® m/sec.

v
SOLUTION: As we know the formula for relation between velocity of light in different media and in air/vacuum as :m, p'™2 = %
™o
V. 3 x 108
Using the mentioned formula we have : ou™ = V—a = % = Vg = (3 X 108 )/ 1.52 = 1.973684x 108 m/sec.
m mo

The refractive index of medial w.r.t air is 0.55 and of media2 w.r.t air is 2.6 . What is refractive index of media2
w.rt medial ,,, "2 .

m2
B~ 56/055
m1

SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial mq ™2 as :m p"™2 =
=473

The refractive index of medial wr.t air is 1.9 and refractive index of medial w.rt media2 is 1.95 . What is
refractive index of media2 w.r.t air.

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial p,, p™2 as :m,p™2 = akt

apm1

ap™?
e = 1.95=1.9/ap™> : So ap™> =1.9/1.95 = 0.97
alh

my] —
mo I 1 =

Find the radius of curvature of the convex surface of a Plano convex lens, whose focal length is 16.5cm and
refractive index of the material of lens material w.r.t air is 3.25

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz - 1) (R— — R_> = ? According to
1 2
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1 1
question p = 3.25, R1 = infinity ,R2 = ? and f'=16.5 cm : So using the mentioned formula we have : (3.25 -1) (— — R_> =

o 2
1/16.5 = 2.25/R2 = 1/16.5 SoRy = 37.125cm. = 37.125cm.

170. The radius of curvature of either surfaces of a convex lens is equal to it’s focal length. What is the refractive
index of the material ?

1 1 1
SOLUTION: (a) As we know the formula for refraction by double refractive index iS.'(LuZ — 1) (R— — R_> = = .According to
1 2
1 1
question p = ? , Ry = +f,Ro = -f (where fis the focal length ) So using the mentioned formula we have :(u — 1) +_f - _f> =

% = (u—1) (%) = % = (u—1)=(1/2): Sop=(1+(1/2)=32=15.... Ans.

171. A biconvex lens with both faces of the same radius of curvature is to be manufactured from a glass of refractive
index 0.65What should be the radius of curvature for the focal length of the lens to be 6.5 cm.?

1 1 1

SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz — 1) (R_ — R_> = ? According to
1 2

question p = 0.65, Ry = +R ,Ry = -R and the focal length = 6.5 cm. So using the mentioned formula we have : ( 0.65 -

1 1 2
D — — ——= | =1/6.5=-035x | — | =(1/6.5) = R = -4.55cm. Radius of curvature of both faces is equal to -4.55cm.
+R —R R

172. The focal length of a convex lens in air is 13.5 cm. and the refractive index of glass material w.r.t air is 1.5 .
What will be it’s focal length when it is immersed in a media whose refractive index w.r.t air is (i) 1.25 (11) 3.25
(iii) 1.125 (iv) 2.25

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (o9 — 1) (R_ - R_> = f_ —(1) Where fa
1 2 a
1 1 1
is focal length in air Similarly focal length in media will be given as :(mp9 — 1) (F — F) = f_ ———(2) Where fm, is focal
1 2 m
9 _1 9 —1) Xq pu™
length in media dividing equation (1) by (2) we get: fr,, = ol = X fa . Which can be rearrange as : fm = M X
mpd — 1 (apt9 —a p™)

fa:

= (1) fm =[(1.5-1) X 1.25/(1.5-1.25)] X 13.5 = fm = 33.75¢cm. = So focal length in the media will be given as : 33.75cm.
(2) fm =[(1.5-1) X 3.25/(1.5-3.25)] X 13.5 = fm =-12.53571cm. = So focal length in the media will be given as : -12.53571cm.
3) fm =[(1.5-1) X 1.125/(1.5-1.125)] X 13.5 = fm = 20.25cm. = So focal length in the media will be given as : 20.25cm.

(4) fm =[(1.5-1) X 2.25/(1.5 - 2.25)] X 13.5 = fm =-20.25cm. = So focal length in the media will be given as : -20.25cm.

173. The radius of curvatures of a double convex lens are 47 cm. and 33 cm respectively while refractive index of

the material of lens w.r.t air is 2.25. Find it’s focal length?

1 1 1

SOLUTION: As we know the formula for refraction by double refractive index is:(au9 — 1) (E — E) = — . Wherefais
1 2 a

focal length in air According to question p = 2.25, R1 = 47 cm. ,R2 = -33 cm. So using the mentioned formula we have : [( 2.25

-D(1/(+47) - 1/(-33))] = % = f=[(47 x 33)/((2.25 -1) x (47 + 33))] after solving it we get f = 15.51

174. The radius of curvatures of a double convex lens are 29 cm , 34 cm respectively and focal length26.5 cm. Find

refractive index of the material of lens w.r.t ?
1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) R R_> = f_ . Where fa is focal
1 2 a
length in air According to question p = ? , Ry = 29 cm. ,Ry = -34 cm.and focal length f= 26.5 cm. So using the mentioned formula
we have : [(p -1)(1/(+29) - 1/(-34)) = 1/26.5] = (p -1) = [(29 X 34)/((26.5) X (29 + 34))] after solving it we get p = 1.590596

175. If the ratio of radius of curvatures of a biconvex lens is 3 : 5 and focal length is 27 cm. Find the refractive index
of the material of lens w.r.t air while curvature of first surface is 23 cm. ) ) .
SOLUTION: As we know the formula for refraction by double refractive index is:(au? — 1) (F — F) = f_ . Where fa is
1 2
focal length in air According to question p = ? , Ry = 3R = 69cm.,Ry = -5R = -115cm. and focal length f = 27 c(:n. So using the
mentioned formula we have : [(p-1)(1/(+69 ) - 1/(-115))] = 1/27 = (p-1) = [((3 X 5)/(3+5)) x 23 x 1/27] = p = [((3 X 5)/(3
+5)) x 23 x 1/27] + 1 after solving it we get p = 2.597222

176. If the ratio of radius of curvatures of a biconvex lens is 3 : 4 and refractive index of the material of lens w.r.t air

is 3.2 while curvature of first surface is 35 cm. Find the focal length of the lens

1 1 1

SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) N = f_ . Where fa is focal
1 2 a

length in air According to question p = 3.2, Ry = 3R = 105cm.,Ry = -4R = -140cm. and focal length = ? So using the mentioned

Sformula we have : [(3.2-1)(1/(+105) - 1/(-140))] = % =f=[((3 x4 x35/((3+4) X (3.2- 1))] after solving it we get f = 27.27273
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An object 5 cm high is placed 41 cm in front of a convex lens of focal length 18 cm. What is the position and
height of the image?

1 11
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
voou
According to question u = -41 cm. , f= 18 cm. and height of the object h = S5cm. , v = ? and height of image hl = ? . Now using

the mentioned formula we have 1/ 18 = 1/v - 1/ -41 = v = [(41 x 18)/(4] - ]8) = 32.08696cm.(b) And for height of Image we

I
have‘ —‘ = =2 ‘ = [32.08696/41| = |Im/5| = Im = 3.913043 cm.
u

An object 9 cm high is placed 35 cm in front of a concave lens of focal length -33 cm. What is the position and
height of the image?
1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
u

According to question u = -35 cm. , f =-33 cm. and height of the object h = 9cm. v = ’ , and height of image hI = ? . Now using
the mentioned formula we have 1/-33 = 1/ - 1/-35 = v = [(35 x -33)/(35 + 33 )] = -]6 98529cm.(b) And for height oflmage we

Img
Ob = |-16.98529/35| = |Im/9| = Im = 4.367647 cm.

v
have‘—‘ =
u

An object placed 48 cm. from a lens produces a virtual/real image at 13 cm. from the lens. (a) What is the focal
length of the lens? (b) Is the lens convex or concave? (c) What is the height of the Image if the height of object
is 7cm.

1 1

1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
voou

According to question: (a) If image is real u = -48 cm. , v = 13 cm. and height of the object h = 7em. f=? , and height of image hl
1
= ? . Now using the mentioned formula we have ? =1/13-1/-48 = f=[(48 x 13)/(48 + 13 )] = 10.22951cm. And for height of

I
Image we have‘ L ‘ = |24
u

‘ = [13/48| = |Im/7| = Im = 1.895833 cm. Next case: (b)image is unreal u = -48 cm. , v =-13 cm.
1
and height of the object h = 7cm. f=? , and height of image hl = ? . Now using the mentioned formula we have ? =1/-13)- 1/

(-48) = [= [(48 X -13)/(48 + -13 )] = -17.82857cm.(b) And for height of Image we have‘ z ‘ =
u
= 1.895833 cm.

I
‘ mg‘ = |-13/48] = |Im/7| = Im

An object is placed 175 cm from a screen. A converging lens with a 18 cm focal length is then placed between
the object and the screen and used to form a focused image on the screen. Find (a) the distance from the object

for the placement of the lens, (b) the magnification.

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is: — = — — — . Where fis focal length of the lens
v

(a)As image is real let u = -x cm. , So v = (175 - x) cm. while focal length given is f= 18 cm. Using the mentioned formula : 1/18 =
1/(175-x) - 1/x =175/ ((175 - x) X x) . After Solving it we get x = 154.6286 cm. the distance from the object for the placement of

I
the lens is = 154.6286 cm.(b) And for magnifications have‘ L ‘ — |29
u

‘ = 120.3714/154.6286| = 0.1317441

If the refractive index of a media w.r.t air o™ is 3.04. What is the speed of light in the media? Speed of light
in vacuum/air is 3 x 10® m/sec.

v
SOLUTION: As we know the formula for relation between velocity of light in different media and in air/vacuum as :m, p'™2 = %
mo
. . Vo (3 x109) s .
Using the mentioned formula we have : o™ = VoS v = Vi, = (3 X 10%)/3.04 = 9.868421 x 107 m/sec.
m ma

The refractive index of medial w.r.t air is 2.2 and of media2 w.r.t air is 0.65 . What is refractive index of media2
w.rt medial ,,, p"*? .
a/Jan2 _

SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial p,, p™2 as :m;p™? = o
alt

0.65/2.2 = 0.3

The refractive index of medial wr.t air is 1.9 and refractive index of medial w.rt media2 is 0.65 . What is
refractive index of media2 w.r.t air.

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, p™?2 as :m;p™? = akt

mi a“ml
ma "t = a'u—mz =0.65=1.9/qu™2 : S0 oqu™2 =1.9/0.65=2.92
alk

Find the radius of curvature of the convex surface of a Plano convex lens, whose focal length is 20cm and
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refractive index of the material of lens material w.r.t air is 1.95

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz - 1) (R— — R_> = ? According to
1 2
1 1
question p = 1.95, Ry = infinity ,Ry = ? and f= 20 cm : So using the mentioned formula we have : ( 1.95 -1) <= - R=> =
0 2
1/20 = 0.95/R2 = 1/20 SoR2 = 19cm. = 19cm.

The radius of curvature of either surfaces of a convex lens is equal to it’s focal length. What is the refractive
index of the material ?

1 1 1
SOLUTION: (a) As we know the formula for refraction by double refractive index iS.'(LuZ - 1) <R= — R=> = 7 .According to
1 2
1 1
question p = ? , Ry = +f,Ro = -f (where fis the focal length ) So using the mentioned formula we have :(u — 1) +_f - _f> =

% = (u—1) (%) = % = (u—1)=(1/2): Sop=(1+(1/2)=32=15.... Ans.

A biconvex lens with both faces of the same radius of curvature is to be manufactured from a glass of refractive
index 1.3What should be the radius of curvature for the focal length of the lens to be 6 cm.?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz - 1) (R— — R—) = ? According to
1 2
1 1
question p = 1.3, R1 = +R Ry = -R and the focal length = 6 cm. So using the mentioned formula we have : (1.3 -1) (ﬁ - —R>

2
=1/6 = 0.3x (1—%> = (1/6) = R = 3.599999cm. Radius of curvature of both faces is equal to 3.599999cm.

The focal length of a convex lens in air is 21.5 cm. and the refractive index of glass material w.rt air is 1.5 .
What will be it’s focal length when it is immersed in a media whose refractive index w.r.t air is (i) 2 (11) 4 (iii)
1.5(@v)3

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R— — R_> = f_ ——(1) Where fa
1 2 a
1 1 1
is focal length in air Similarly focal length in media will be given as :(mp9 — 1) (F — F) = f_ ———(2) Where fm, is focal
1 2 m
. . . a/J'g_l . (aﬂg_l)xaﬂm
length in media dividing equation (1) by (2) we get: fpn = ————— X fa . Which can be rearrange as : fm = ————————— X
mpd —1 (apt9 —a p™)

fa =) fm =[(1.5-1) X 2/(1.5-2)] X 21.5 = fm =-43cm. = So focal length in the media will be given as : -43cm.

2) fm =[(1.5-1) X 4/(1.5-4)] X 21.5 = fi, =-17.2cm. = So focal length in the media will be given as : -17.2cm.

3) fm =[(1.5-1) X 1.5/(1.5-1.5)] X 21.5 = fm = Infinitycm. = So focal length in the media will be given as : Infinitycm
(4) fm =[(1.5-1) X 3/(1.5-3)] X 21.5 = fm =-21.5cm. = So focal length in the media will be given as : -21.5cm.

The radius of curvatures of a double convex lens are 27 cm. and 38 cm respectively while refractive index of

the material of lens w.r.t air is 2.25. Find it’s focal length?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is:(qu9 — 1) (E - F) = — . Where fais
1 2 a

focal length in air According to question p = 2.25, R1 = 27 cm. ,R2 = -38 cm. So using the mentioned formula we have : [( 2.25
1
-D(+27) - 1/(-38))] = ? =f=[(27 X 38)/((2.25 -1) x (27 + 38))] after solving it we get f = 12.62769

The radius of curvatures of a double convex lens are 25 cm , 36 cm respectively and focal length25.5 cm. Find
refractive index of the material of lens w..t ?
1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) R R_> = f_ . Where fa is focal
1 2 a
length in air According to question p = ? , Ry = 25 cm. ,R2 = -36 cm.and focal length f= 25.5 cm. So using the mentioned formula
we have : [((p -1)(1/(+25) - 1/(-36)) = 1/25.5] = (p -1) = [(25 X 36)/((25.5) X (25 + 36))] after solving it we get pp = 1.578592

If the ratio of radius of curvatures of a biconvex lens is 2 : 4 and focal length is 23 cm. Find the refractive index
of the material of lens w.r.t air while curvature of first surface is 23 cm.
1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R— — R_> = f_ . Where fa is focal
1 2
length in air According to question p = ? , Ry = 2R = 46cm., Ry = -4R = -92cm. and focal length f= 23 cm. Sotzlzsing the mentioned
formula we have : [( i -1)(1/(+46 ) - 1/(-92)] = 1/23 = (p-1) = [(2 x /2 +4)) x 23 x 1/23] = pu = [(2 X 4)/(2 + 4)) x
23 x 1/23] + 1 after solving it we get u = 2.333333

If the ratio of radius of curvatures of a biconvex lens is 2 : 3 and refractive index of the material of lens w.r.t air

is 1.6 while curvature of first surface is 28 cm. Find the focal length of the lens
1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R— — R_> = f_ . Where fa is focal
1 2 a
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length in air According to question pp = 1.6, R1 = 2R = 56cm.,R2 = -3R = -84cm. and focal length f = ? So using the mentioned
1
formula we have : [( 1.6 -1)(1/(+56 ) - 1/(-84))] = 7 = f=[((2 X 3 X 28)/((2 +3) X (1.6- 1))] after solving it we get f = 56

An object 1 cm high is placed 43 cm in front of a convex lens of focal length 15 cm. What is the position and

height of the image?
1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:= = — —
v
According to question u = -43 cm. , f= 15 cm. and height of the object h = Ilcm. , v = ? and height of image hI = ? . Now using

the mentioned formula we have 1/ 15 = 1/v - 1/ -43 = v = [(43 X 15)/(43 - 15 )] = 23.03572cm.(b) And for height of Image we
I
%‘ = |23.03572/43| = |Im/I| = Im = 0.5357143 cm.

Where fis focal length of the lens

S

v
have‘—‘ =
u

An object 7 cm high is placed 21 cm in front of a concave lens of focal length -36 cm. What is the position and
height of the image?

SOLUTION: As we know the formula for refraction by thin concave/convex lens is:

S

1
— — . Where fis focal length of the lens
u

N

According to question u = -21 cm. , f =-36 cm. and height of the object h = 7cm. v = ? , and height of image hl = ? . Now using
the mentioned formula we have 1/-36 = 1/v - 1/-21 = v = [(2] X -36)/(2]1 + 36 )] = -13.26316cm.(b) And for height of Image we

Img
Ob = |-13.26316/21| = |Im/7| = Im = 4.421052 cm.

v
have‘=‘ =
u

An object placed 25 cm. from a lens produces a virtual/real image at 36 cm. from the lens. (a) What is the focal
length of the lens? (b) Is the lens convex or concave? (c) What is the height of the Image if the height of object
is 4cm.
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:l = % — %L . Where fis focal length of the lens
According to question:(a) If image is real u = -25 cm. , v = 36 cm. and height of the object h = 4cm. f= ? , and height of image hl =
? . Now using the mentioned formula we have L 1/36-1/-25 = f=[(25 X 36)/(25 + 36 )] = 14.7541cm. And for height of Image

I
we have‘ L ‘ = ‘% ‘ = |36/25| = |Im/4| = Im = 5.76 cm. Next case: (b)image is unreal u = -25 cm. , v =-36 cm. and height of
u

1
the object h = 4cm. f=? , and height of image hl = ? . Now using the mentioned formula we have ? =1/-36)-1/(-25) = f=[(25

I
X -36)/(25 + -36 )] = 81.81818cm. (b) And for height of Image we have‘ L ‘ - ‘ ng
u

‘ = |-36/25| = |Im/4| = Im = 5.76 cm.

An object is placed 140 cm from a screen. A converging lens with a 18 cm focal length is then placed between
the object and the screen and used to form a focused image on the screen. Find (a) the distance from the object
for the placement of the lens, (b) the magnification.

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is: ? = - . Where f'is focal length of the lens

(a)As image is real let u = -x cm. , So v = (140 - x) cm. while focal length given is f = 18 cm. Uvmg the mentioned formula : 1/18 =
1/(140 - x) - 1/x = 140/ (( 140 - x) X x) . After Solving it we get x = 118.7852 cm. the distance from the object for the placement of

I
the lens is = 118.7852 cm.(b) And for magnifications have‘ g ‘ = i{f ‘ = |21.21476/118.7852| = 0.1785976
u

If the refractive index of a media w.r.t air o™ is 1.52. What is the speed of light in the media? Speed of light
in vacuum/air is 3 x 10® m/sec.

v
SOLUTION: As we know the formula for relation between velocity of light in different media and in air/vacuum as :m, p'™2 = %
™o
V. 3 x 108
Using the mentioned formula we have : ou™ = V—a = % = Vg = (3 X 108 )/ 1.52 = 1.973684x 108 m/sec.
m mo

The refractive index of medial w.r.t air is 0.55 and of media2 w.r.t air is 2.6 . What is refractive index of media2
w.r.t medial ,,, ™2 .

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial mq pu"™2 as :m p"2 = a'uml =2.6/0.55
alk

=473

The refractive index of medial wr.t air is 2.85 and refractive index of medial w.r.t media2 is 2.6 . What is
refractive index of media2 w.r.t air.

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, p™2 as :m;p™? = a'uml
alt
mi1 a/’l’ml — — mo . mo _ _
mo Mt = ——— =2.6=2.85/qu™2 : S0 ou™2 =285/2.6 =11
a2
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Find the radius of curvature of the convex surface of a Plano convex lens, whose focal length is 7cm and
refractive index of the material of lens material w.r.t air is 1.95
1 1 1
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz - 1) (R— — R_> = ? According to
1 2
1 1
question p = 1.95, Ry = infinity ,Ra = ? and =7 cm : So using the mentioned formula we have : ( 1.95 -1) <= — R=> =1/7
o0

2
= 0.95/R2 = 1/7 SoRg = 6.650001cm. = 6.650001cm.

The radius of curvature of either surfaces of a convex lens is equal to it’s focal length. What is the refractive
index of the material ?

1 1 1
SOLUTION: (a) As we know the formula for refraction by double refractive index iS.'(LuZ - 1) <R= — R=> = 7 .According to
1 2
1 1
question p = ? , Ry = +f,Ro = -f (where fis the focal length ) So using the mentioned formula we have :(u — 1) +_f - _f> =

% = (u—1) (%) = % = (u—1)=(1/2):Sopu=(+1/2)=32=15... Ans.
A biconvex lens with both faces of the same radius of curvature is to be manufactured from a glass of refractive
index 1.95What should be the radius of curvature for the focal length of the lens to be 14.5 cm.?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz - 1) (R— — R—) = ? According to
1 2

question p = 1.95, Ri = +R ,R2 = -R and the focal length = 14.5 cm. So using the mentioned formula we have : ( 1.95
1 1 2
-1) (ﬁ — —R> =1/14.5 = 0.95% <1—%> =(1/14.5) = R = 27.55cm. Radius of curvature of both faces is equal to 27.55cm.

The focal length of a convex lens in air is 24 cm. and the refractive index of glass material w.rt airis 1.5 . What
will be it’s focal length when it is immersed in a media whose refractive index w.rt air is (i) 2 (11) 4 (iii) 1.5 (iv)
3

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R— — R_> = f_ ——(1) Where fa
1 2 a
1 1 1
is focal length in air Similarly focal length in media will be given as :(mp9 — 1) (E — F) = f_ ——(2) Where fp, is focal
1 2 m
9 _1 9 —1) Xq pu™
length in media dividing equation (1) by (2) we get: fr,, = alk = X fa . Which can be rearrange as : fm = M X
mpd —1 (ap9 —a p™)

fa:

= (1) fm =[(1.5-1) X 2/(1.5-2)] X 24 = fm =-48cm. = So focal length in the media will be given as : -48cm.

2) fm =[(1.5-1) X 4/(1.5-4)] X 24 = f, =-19.2cm. = So focal length in the media will be given as : -19.2cm.

3) fm =[(1.5-1) X 1.5/(1.5-1.5)] X 24 = fm, = Infinitycm. = So focal length in the media will be given as : Infinitycm.
(4) fm =[(1.5-1) X 3/(1.5 - 3)] X 24 = fp, =-24cm. = So focal length in the media will be given as : -24cm.

The radius of curvatures of a double convex lens are 33 cm. and 35 cm respectively while refractive index of

the material of lens w.r.t air is 2.25. Find it’s focal length?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is:(qu9 — 1) (E - F) = f_ . Where fa is
1 2 a

focal length in air According to question p = 2.25, R1 = 33 cm. ,R2 = -35 cm. So using the mentioned formula we have : [( 2.25
1
-1(1/(+33) - 1/(-35))] = ? = f=[(33 X 35)/((2.25-1) x (33 + 35))] after solving it we get f = 13.58823

The radius of curvatures of a double convex lens are 42 cm , 31 cm respectively and focal lengthll cm. Find
refractive index of the material of lens w.r.t ?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R_ — R_> = f_ . Where fa is focal
1 2 a
length in air According to question p = ? , R1 = 42 cm. ,R2 = -31 cm.and focal length = 11 cm. So using the mentioned formula
we have : [(p-1)(1/(+42) - 1/(-31)) = I/11] = (p-1) = [(42 X 31)/(1]) X (42 + 31))] after solving it we get pp = 2.62142

If the ratio of radius of curvatures of a biconvex lens is 4 : 5 and focal length is 20 cm. Find the refractive index
of the material of lens w.r.t air while curvature of first surface is 39 cm. ) )

1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) N = f_ . Where fa is focal
1 2 a
length in air According to question pp = ? , Ry = 4R = 156cm.,Ry = -5R = -195cm. and focal length f = 20 cm. So using the
mentioned formula we have : [( p -1)(1/(+156 ) - 1/(-195))] = 1/20 = (p-1) = [((4 X 5)/(4 +5)) x 39 x 1/20] = p = [((4 %
5)/(4 +5)) x 39 x 1/20] + 1 after solving it we get p = 5.333333

If the ratio of radius of curvatures of a biconvex lens is 4 : 5 and refractive index of the material of lens w.r.t air
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is 2.4 while curvature of first surface is 27 cm. Find the focal length of the lens

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) R R=> f . Where fa is focal
1 2
length in air According to question p = 2.4, Ry = 4R = 108cm.,Ry = -5R = -135cm. and focal length = ? So using the mentioned

Sformula we have : [(2.4-1)(1/(+108) - 1/(-135))] = % =f=[((4 X 5% 27)/((4 +5) X (2.4- 1))] after solving it we get f = 42.857 14

An object 4 cm high is placed 8 cm in front of a convex lens of focal length 28 cm. What is the position and
height of the image?
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:i = ! — 1 . Where fis focal length of the lens
According to question u = -8 cm. , f = 28 cm. and height of the object h = 4cm. , v =7 a?m’ he?ght of image hl = ? . Now using the
mentioned formula we have 1/28 = 1/ -1/-8 = v = [(8 X 28)/(8 - 28 )] = -11.2cm.(b) And for height of Image we have‘ % ‘ = Im=g

Ob
= |-11.2/8| = |Im/4| = Im = 5.6 cm.

An object 3 cm high is placed 18 cm in front of a concave lens of focal length -17 cm. What is the position and

height of the image?

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
u

According to question u = -18 cm. , f =-17 cm. and height of the object h = 3cm. v = ’ , and height of image hl = ? . Now using
the mentioned formula we have 1/-17 = 1/ - 1/-18 = v = [(18 x -17)/(18 + 17 )] =-8. 742857cm.(b) And for height of Image we

I
have‘ i‘ = mg‘ = |-8.742857/18| = |Im/3| = Im = 1.457143 cm.
u

Ob

An object placed 29 cm. from a lens produces a virtual/real image at 21 cm. from the lens. (a) What is the focal
length of the lens? (b) Is the lens convex or concave? (c) What is the height of the Image if the height of object
is 2cm.
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:l = 1 — 1 . Where fis focal length of the lens
According to question:(a) If image is real u = -29 cm. , v = 21 cm. and height of the objecqtjh = ?cm. =7, and height of image hl =
? . Now using the mentioned formula we have L 121-1/-29=f=[(29 x 21)/(29 + 21 )] = 12.18cm. And for height of Image

I
we have‘ E‘ = ‘%‘ = |21/29| = [Im/2| = Im = 1.448276 cm. Next case: (b)image is unrealu =-29 cm. , v =-21 cm. and height
u

1
of the object h = 2cm. f=? , and height of image hI = ? . Now using the mentioned formula we have ? =1/-21)-1/(-29) = f=

I
[(29 % -21)/(29 + 21 )] = -76.125¢m.(b) And for height of Image we have‘ g ‘ - ‘ 29
u

‘ = |-21/29| = |Im/2| = Im = 1.448276 cm.
An object is placed 162 cm from a screen. A converging lens with a 23 cm focal length is then placed between
the object and the screen and used to form a focused image on the screen. Find (a) the distance from the object

for the placement of the lens, (b) the magnification.

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is: ? = - . Where f'is focal length of the lens

(a)As image is real let u = -x cm. , So v = (162 - x) cm. while focal length given is f = 23 cm. Uvmg the mentioned formula : 1/23 =
1/(162-x) - 1/x=162/((162 - x) X x) . After Solving it we get x = 134.2447 cm. the distance from the object for the placement of

I
the lens is = 134.2447 cm.(b) And for magnifications have‘ 3‘ = ibg ‘ = [27.75528/134.2447| = 0.2067514
u

If the refractive index of a media w.r.t air o™ is 0.76. What is the speed of light in the media? Speed of light
in vacuum/air is 3 x 10® m/sec.

v
SOLUTION: As we know the formula for relation between velocity of light in different media and in air/vacuum as :py, p'™2 = %
ma
Vi 3 x 108
Using the mentioned formula we have : opu™ = —— = Q 5 = (3% 108)/0.76 = 3.947368x 108 m/sec.
Vim Vims

The refractive index of medial w.r.t air is 1.65 and of media2 w.r.t air is 1.3 . What is refractive index of media2
w.r.t medial ,,, ™2 .

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial mq "2 as :m p2 = a'uml =13/165
alk

=079

The refractive index of medial wrt air is 0.95 and refractive index of medial w.r.t media2 is 1.95 . What is
refractive index of media2 w.r.t air.

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, p™?2 as :m;p™? = akt

a/mel
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my
ma "t = a'umz =1.95=0.95/qu™2 : S0 qu™2 =0.95/1.95=0.49
alk

Find the radius of curvature of the convex surface of a Plano convex lens, whose focal length is 16.5cm and
refractive index of the material of lens material w.rt air is 2.6 ) )

1
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz - 1) (R— — R_> = ? According to
1 2

1 1
question . = 2.6, Ry = infinity ,Ry = ? and f = 16.5 cm : So using the mentioned formula we have : (2.6 -1) (— — R_> =

o] 2
1/16.5 = 1.6/R2 = 1/16.5 SoR2 = 26.4cm. = 26.4cm.

The radius of curvature of either surfaces of a convex lens is equal to it’s focal length. What is the refractive
index of the material ?

1 1 1
SOLUTION: (a) As we know the formula for refraction by double refractive index is: ( w2 — 1) ( R R_> = ? .According to
1 2
1 1
question p = ? , Ry = +f,Ro = -f (where fis the focal length ) So using the mentioned formula we have :(u — 1) +_f - _f> =

% = (u—1) (;) = % = (u—1)=(1/2): Sop=(1+(1/2)=32=15.... Ans.

A biconvex lens with both faces of the same radius of curvature is to be manufactured from a glass of refractive
index 1.3What should be the radius of curvature for the focal length of the lens to be 20.5 cm.?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: ( u? - 1) ( R R_> = ? According to ques-
1 2

1 1
tion p = 1.3, R1 = +R ,R2 = -R and the focal length = 20.5 cm. So using the mentioned formula we have : (1.3 -1) ( TR R)

2
=1/20.5 = 0.3x <1—%> =(1/20.5) = R = 12.3cm. Radius of curvature of both faces is equal to 12.3cm.

The focal length of a convex lens in air is 23 cm. and the refractive index of glass material w.rt airis 1.5 . What
will be it’s focal length when it is immersed in a media whose refractive index w.rt air is (i) 2 (11) 4 (iii) 1.5 (iv)
3

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) ( R R_> = f_ ——(1) Where fa
1 2 a
1 1 1
is focal length in air Similarly focal length in media will be given as : (m,ug -1) ( R F) = f_ ——(2) Where fp, is focal
1 2 m
apd —1 (ap? —1) Xa p™

length in media dividing equation (1) by (2) we get: fr,, =

fa:

= (1) fm =[(1.5-1) X 2/(1.5-2)] X 23 = fm =-46cm. = So focal length in the media will be given as : -46¢m.

2) fm =[(1.5-1) X 4/(1.5-4)] X 23 = fm, =-18.4cm. = So focal length in the media will be given as : -18.4cm.

3) fm =[(1.5-1) X 1.5/(1.5-1.5)] X 23 = fm, = Infinitycm. = So focal length in the media will be given as : Infinitycm.
(4) fm =[(1.5-1) X 3/(1.5 - 3)] X 23 = fm =-23cm. = So focal length in the media will be given as : -23cm.

1 X fa . Which can be rearrange as : fm =

mp9 — (ap9 —a p™)

The radius of curvatures of a double convex lens are 28 cm. and 37 cm respectively while refractive index of

the material of lens w.r.t air is 0.75. Find it’s focal length?
1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is:(au9 — 1) (R R ) = — . Where fa is
1 2
focal length in air According to question . = 0.75, R1 = 28 cm. ,R2 = -37 cm. So using the mentioned formula we have : [(0.75

-D(1/(+28) - 1/(-37))] = % = = [(28 X 37)/((0.75 -1) x (28 + 37))] after solving it we get f = -63.75385

The radius of curvatures of a double convex lens are 49 cm , 38 cm respectively and focal length17 cm. Find
refractive index of the material of lens w.r.t ?

1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1)

1
—) . Where fa is focal
Ri Ry fa

length in air According to question pp = ? , R1 = 49 cm. ,Ro = -38 cm.and focal length f= 17 cm. So using the mentioned formula
we have : [(p-1)(1/(+49) - 1/(-38)) = 1/17] = (p -1) = [(49 X 38)/((17) X (49 + 38))] after solving it we get p = 2.258959

If the ratio of radius of curvatures of a biconvex lens is 2 : 3 and focal length is 25 cm. Find the refractive index
of the material of lens w.r.t air while curvature of first surface is 31 cm.

1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (

—) . Where fa is focal
Ri Rz fa

length in air According to question p = ? , Ry = 2R = 62cm.,Ra = -3R =-93cm. and focal length f= 25 cm. So using the mentioned
Sformula we have : [(p-1)(1/(+62)-1/(-93))] = 1/25 = (pn-1) = [((2 X 3)/2+3)) x 31 x 1/25] = p = [((2 % 3)/(2+3)) x
31 x 1/25] + 1 after solving it we get . = 2.488
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If the ratio of radius of curvatures of a biconvex lens is 2 : 5 and refractive index of the material of lens w.r.t air

is 1.6 while curvature of first surface is 28 cm. Find the focal length of the lens

1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) N f . Where fa is focal
1 2 a

length in air According to question pp = 1.6, Ry = 2R = 56cm.,Ry = -5R = -140cm. and focal length f = ? So using the mentioned
1
Sformula we have : [(1.6 -1)(1/(+56 ) - 1/(-140))] = ? =f=[((2x 5% 28)/((2+5) x (1.6- 1))] after solving it we get f = 66.66666

An object 2 cm high is placed 59 cm in front of a convex lens of focal length 16 cm. What is the position and

height of the image?
1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:= = — —
v

According to question u = -59 cm. , f= 16 cm. and height of the object h = 2cm. , v = ? and height of image hl = ? . Now using
the mentioned formula we have 1/ 16 = 1/v - 1/ -59 = v = [(59 X 16)/(59 - 16 )] = 21.95349cm.(b) And for height of Image we

Img
= |21.95349/59| = |Im/2| = Im = 0.7441861 cm.

Where fis focal length of the lens

S

v
have‘—‘ =
u

An object 8 cm high is placed 23 cm in front of a concave lens of focal length -24 cm. What is the position and

height of the image?

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
voou

According to question u = -23 cm. , f = -24 cm. and height of the object h = 8cm. v = ? , and height of image hl = ? . Now using
the mentioned formula we have 1/ -24 = 1/v - 1/-23 = v = [(23 X -24)/(23 + 24 )] = -11.74468cm.(b) And for height of Image we

I
have‘ﬁ‘ = |29 ‘ = |-11.74468/23| = |Im/8| = Im = 4.085106 cm.
u

An object placed 42 cm. from a lens produces a virtual/real image at 35 cm. from the lens. (a) What is the focal
length of the lens? (b) Is the lens convex or concave? (c) What is the height of the Image if the height of object
is lem.

1 1

1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
v

u

According to question: (a) If image is real u = -42 cm. , v = 35 cm. and height of the object h = Icm. f=? , and height of image hl
1

= ? . Now using the mentioned formula we have ? =1/35-1/-42 = f=[(42 X 35)/(42 + 35 )] = 19.09091cm. And for height of

‘Img

v
Image we have‘ —‘ = ‘ = [35/42| = |Im/1| = Im = 0.8333333 cm. Next case: (b)image is unreal u = -42 cm. , v = -35 cm.
u

1
and height of the object h = Icm. f=? , and height of image hl = ? . Now using the mentioned formula we have ? =1/-35)-1/

I
(-42) = f= [(42 X -35)/(42 + -35 )] = -210cm.(b) And for height of Image we have‘ 2 ‘ = ‘% ‘ = |-35/42| = |Im/1|
u
= Im = 0.8333333 cm.

An object is placed 164 cm from a screen. A converging lens with a 34 cm focal length is then placed between
the object and the screen and used to form a focused image on the screen. Find (a) the distance from the object

for the placement of the lens, (b) the magnification.

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is: — = — . Where f'is focal length of the lens

(a)As image is real let u = -x cm. , So v = (164 - x) cm. while focal length given is f = 34 cm. Uvmg the mentioned formula : 1/34 =
1/(164-x) - 1/x =164/ ((164 - x) X x) . After Solving it we get x = 115.8821 cm. the distance from the object for the placement of

the lens is = 115.8821 cm.(b) And for magnifications have‘ L ‘ =
u

Img
b = |48.11785/115.8821| = 0.4152309

If the refractive index of a media w.r.t air o™ is 3.04. What is the speed of light in the media? Speed of light
in vacuum/air is 3 x 10® m/sec.

v
SOLUTION: As we know the formula for relation between velocity of light in different media and in air/vacuum as :py, p'™2 = %
ma
Vi 3 x 108
Using the mentioned formula we have : ou™ = V—a = % Ving = (3 % 108 )/ 3.04 = 9.868421E+07 m/sec.
m ma

The refractive index of medial w.r.t air is 0.55 and of media2 wir.t air is 0.65 . What is refractive index of media2
w.r.t medial ,,, p"?

m
a/sz

SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial ;™2 as :m, p'™2 = T 0.65/
alk

0.55=1.18

The refractive index of medial wr.t air is 2.85 and refractive index of medial w.r.t media2 is 2.6 . What is
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refractive index of media2 w.r.t air.

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, p™2 as :m;p™? = ak ~

ap™1
pumt
mab™ = a“_mz = 2.6 =2.85/au™2 : S0 o™ = 2.85/2.6 = 1.1
a
Find the radius of curvature of the convex surface of a Plano convex lens, whose focal length is 21cm and
refractive index of the material of lens material w.r.t air is 1.3

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz — 1) (R— — R—) = ? According to
1 2

1 1

question p = 1.3, Ry = infinity , Ry = ? and f =21 cm : So using the mentioned formula we have : (1.3 -1) (— - F) =121
oo 2

= 0.3/R2 = 1/21 SoR2 = 6.299999cm. = 6.299999cm.

The radius of curvature of either surfaces of a convex lens is equal to it’s focal length. What is the refractive
index of the material ? . . .
SOLUTION: (a) As we know the formula for refraction by double refractive index is.'(l,uz - 1) ( ) = ? .According to

Ri Ry
1 1
question p = ? , Ry = +f,Ro = -f (where fis the focal length ) So using the mentioned formula we have :(u — 1) +_f - _f> =
1 2 1
? =(p—1) (;) = ? = p—1)=1/2):Sopn=(1+(1/2)=32=15..... Ans.

A biconvex lens with both faces of the same radius of curvature is to be manufactured from a glass of refractive
index 1.95What should be the radius of curvature for the focal length of the lens to be 10 cm.?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is.'(l,uz - 1) (— ) = — .According to

R R
question p = 1.95, Ri = +R ,R2 = -R and the focal length = 10 cm. So using the mentioned formula we have : ( 1.95 -
1 1 2
U(ﬁ — —R> =1/10 = 0.95% (1—%> = (1/10) = R = 19cm. Radius of curvature of both faces is equal to 19cm.

The focal length of a convex lens in air is 11.5 cm. and the refractive index of glass material w.rt air is 1.5 .
What will be it’s focal length when it is immersed in a media whose refractive index w.r.t air is (i) 1.25 (11) 3.25
(iii) 1.125 (iv) 2.25

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R_ — R_> = f_ ——(1) Where fa
1 2 a
1 1 1
is focal length in air Similarly focal length in media will be given as :(mp9 — 1) (F — F) = f_ ———(2) Where fm, is focal
1 2 m
9 _1 9 —1) Xq pu™
length in media dividing equation (1) by (2) we get: fr, = ol = X fa . Which can be rearrange as : fm = M
mpd —1 (ap¥ —a p™)
fa

= (1) fm =[(1.5-1) X 1.25/(1.5-1.25)] X 11.5 = fm = 28.75¢cm. = So focal length in the media will be given as : 28.75cm.
(2) fm =[(1.5-1) X 3.25/(1.5-3.25)] X 11.5 = fr, =-10.67857cm. = So focal length in the media will be given as : -10.67857cm.
3) fm =[(1.5-1) X 1.125/(1.5- 1.125)] X 11.5 = fm = 17.25¢cm. = So focal length in the media will be given as : 17.25cm.

(4) fm = [(1.5-1) X 2.25/(1.5 - 2.25)] x 11.5 = fm =-17.25¢cm. = So focal length in the media will be given as : -17.25cm.

The radius of curvatures of a double convex lens are 44 cm. and 36 cm respectively while refractive index of
the material of lens w.r.t air is 0.75. Find it’s focal length?

1 1 1

SOLUTION: As we know the formula for refraction by double refractive index is:(au? — 1) (E — E) = — . Wherefais
1 2 a

focal length in air According to question . = 0.75, R1 = 44 cm. Ry = -36 cm. So using the mentioned formula we have : [( 0.75

-D)(1/(+44) - 1/(-36))] = % = = [(44 x 36)/((0.75 -1) X (44 + 36))] after solving it we get f = -79.2

The radius of curvatures of a double convex lens are 25 cm, 31 cm respectively and focal length20 cm. Find

refractive index of the material of lens w.r.t ?
1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R— — R_> = — . Wherefais focal
1 2 a
length in air According to question pp = ? , Ry = 25 cm. ,Rg = -31 cm.and focal length f= 20 cm. So using the mentioned formula
we have : [(p-1)(1/(+25) - 1/(-31)) = 1/20] = (p -1) = [(25 X 31)/((20) x (25 + 31))] after solving it we get . = 1.691964

If the ratio of radius of curvatures of a biconvex lens is 3 : 4 and focal length is 16 cm. Find the refractive index
of the material of lens w.r.t air while curvature of first surface is 29 cm. ) ) )

SOLUTION: As we know the formula for refraction by double refractive index is:(qu9 — 1) N = f_ . Where fa is

1 2 a
focal length in air According to question p = ? , R1 = 3R = 87cm.,R2 = -4R = -116¢cm. and focal length f = 16 cm. So using the
mentioned formula we have : [(p -1)(1/(+87) - 1/(-116))] = 1/16 = (p-1) = [(3 X 4)/3 +4)) x 29 x 1/16]
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=pu=[((3%X4)/3+4)x29x1/16] + I after solving it we get yu = 4.107143

If the ratio of radius of curvatures of a biconvex lens is 3 : 5 and refractive index of the material of lens w.r.t air

is 2.4 while curvature of first surface is 29 cm. Find the focal length of the lens

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) o m f . Where fa is focal
1 2

length in air According to question pp = 2.4, Ry = 3R = 87cm.,Ry = -5R = -145cm. and focal length f = ? So using the mentioned
1

Sformula we have : [( 2.4 -1)(1/(+87 ) - 1/(-145))] = —

=f1=[(3%x5x29/(3+35) X (2.4- 1))] after solving it we get f = 38.83928

An object 5 cm high is placed 54 cm in front of a convex lens of focal length 15 cm. What is the position and

height of the image?

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
voou

According to question u = -54 cm. , f= 15 cm. and height of the object h = S5cm. , v = ? and height of image hl = ? . Now using
the mentioned formula we have 1/ 15 = 1/v - 1/ -54 = v = [(54 X 15)/(54 - 15 )] = 20.76923cm.(b) And for height of Image we

I
have‘ 3‘ = |29 ‘ = 120.76923/54| = |Im/5| = Im = 1.923077 cm.
u

An object 7 cm high is placed 21 cm in front of a concave lens of focal length -21 cm. What is the position and
height of the image?

1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the
voou

lens According to question u = -21 cm. , f=-21 cm. and height of the object h = 7cm. v = ? , and height of image hl = ? . Now
using the mentioned formula we have 1/-21 = 1/v - 1/-21 = v = [(2] x -21)/(21 + 21 )] = -10.5cm.(b) And for height of Image we

Img

have‘ﬁ‘ =15 ‘ = |-10.5/21] = |Im/7| = Im = 3.5 cm.
u

An object placed 31 cm. from a lens produces a virtual/real image at 34 cm. from the lens. (a) What is the focal
length of the lens? (b) Is the lens convex or concave? (c) What is the height of the Image if the height of object
is 8cm.

1 1

1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
voou

According to question: (a) If image is real u = -31 cm. , v = 34 cm. and height of the object h = 8cm. f=? , and height of image hl
1
= ? . Now using the mentioned formula we have ? =1/34-1/-31 = f=[(3] x 34)/(31 + 34 )] = 16.21539cm. And for height of

I
Image we have‘ L ‘ - |24
u

‘ = [34/31| = |Im/8| = Im = 8.774194 cm. Next case: (b)image is unreal u = -31 cm. , v =-34 cm.
1
and height of the object h = 8cm. f=? , and height of image hl = ? . Now using the mentioned formula we have ? =1/-34)- 1/

I
(-31) = f=[(3] x -34)/(31 + -34 )] = 351.3333cm.(b) And for height of Image we have‘ z ‘ = ‘% ‘ = |-34/31| = |Im/8| = Im
u
= 8.774194 cm.

An object is placed 148 cm from a screen. A converging lens with a 25 cm focal length is then placed between
the object and the screen and used to form a focused image on the screen. Find (a) the distance from the object

for the placement of the lens, (b) the magnification.

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is: ? = - . Where f'is focal length of the lens

(a)As image is real let u = -x cm. , So v = (148 - x) cm. while focal length given is f = 25 cm. Uvmg the mentioned formula : 1/25 =
1/(148 -x) - 1/x = 148/ (( 148 - x) X x) . After Solving it we get x = 116.1426 cm. the distance from the object for the placement of

I
the lens is = 116.1426 cm.(b) And for magnifications have‘ g ‘ = i{f ‘ = |31.85738/116.1426| = 0.2742954
u

If the refractive index of a media w.r.t air , ™ is 2.28. What is the speed of light in the media? Speed of light
in vacuum/air is 3 x 10® m/sec.

v
SOLUTION: As we know the formula for relation between velocity of light in different media and in air/vacuum as :m, p™2 = L

ng
Va (3 x108)
—_— = =

= Ving = (3 x 108 )/ 2.28 = 1.31579x 108 m/sec.
Vim Ving

Using the mentioned formula we have : ou™ =

The refractive index of medial w.r.t air is 2.2 and of media2 w.r.t air is 1.95 . What is refractive index of media2
w.r.t medial ,,, ™2 .

m
a/sz

SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial ;™2 as ‘m, p'™2 = T 1.95/
alk
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2.2=0.89

The refractive index of medial wrt air is 0.95 and refractive index of medial w.r.t media2 is 1.95 . What is
refractive index of media2 w.r.t air.

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, p™?2 as :m;p™? = akt

a/mel

m
mlza/’l’ !

a/Jan2

ok =1.95=0.95/4u™2 : So qu™2 = 0.95/1.95 = 0.49

Find the radius of curvature of the convex surface of a Plano convex lens, whose focal length is 16cm and
refractive index of the material of lens material w.r.t air is 0.65 . . .
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz - 1) (R— — R_> = ? According to
1 2

1 1
question p = 0.65, Ry = infinity ,Ry = ? and f= 16 cm : So using the mentioned formula we have : ( 0.65 -1) <= - R=> =

0 2
1/16 = -0.35/R2 = 1/16 SoR2 = -5.6cm. = -5.6¢cm.

The radius of curvature of either surfaces of a convex lens is equal to it’s focal length. What is the refractive
index of the material ?

1 1 1
SOLUTION: (a) As we know the formula for refraction by double refractive index iS.'(LuZ - 1) <R= — R=> = 7 .According to
1 2
1 1
question p = ? , Ry = +f,Ro = -f (where fis the focal length ) So using the mentioned formula we have :(u — 1) +_f - _f> =

% = (u—1) (;) = % = (u—1)=(1/2): Sop=(1+(1/2)=32=15.... Ans.

A biconvex lens with both faces of the same radius of curvature is to be manufactured from a glass of refractive
index 1.95What should be the radius of curvature for the focal length of the lens to be 14 cm.?

1 1 1

SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz - 1) (R— — R_> = ? According to
1 2

question p = 1.95, Ri = +R ,R2 = -R and the focal length = 14 cm. So using the mentioned formula we have : ( 1.95 -

1 1 2
Dl ———= | =1/14=095x | — | =(1/14) = R = 26.6cm. Radius of curvature of both faces is equal to 26.6cm.
+R —R R

The focal length of a convex lens in air is 8 cm. and the refractive index of glass material w.ct air is 1.5 . What
will be it’s focal length when it is immersed in a media whose refractive index w.r.t air is (i) 1.25 (11) 3.25 (iii)
1.125 (iv) 2.25

1 1 1

SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R— — R_> = f_ ——(1) Where fa
1 2 a

1 1 1
is focal length in air Similarly focal length in media will be given as :(mp9 — 1) (F — F) = f_ ———(2) Where fm, is focal
1 2 m
9 _1 9 —1) Xq pu™
length in media dividing equation (1) by (2) we get: fr,, = ak = X fa . Which can be rearrange as : fm = M X
mpd —1 (apt9 —a p™)

fa:

= (1) fm =[(1.5-1) X 1.25/(1.5 - 1.25)] X 8 = fm = 20cm. = So focal length in the media will be given as : 20cm.

(2) fm =[(1.5-1) X 3.25/(1.5 - 3.25)] X 8 = fm =-7.428571cm. = So focal length in the media will be given as : -7.428571cm.
) fm =[(1.5-1) X 1.125/(1.5- 1.125)] X 8 = fm, = 12cm. = So focal length in the media will be given as : 12cm.

(4) fm = [(1.5-1) X 2.25/(1.5 - 2.25)] X 8 = fm = -12cm. = So focal length in the media will be given as : -12cm.

The radius of curvatures of a double convex lens are 32 cm. and 31 cm respectively while refractive index of

the material of lens w.r.t air is 2.25. Find it’s focal length?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is:(au? — 1) (E — E) = — . Wherefais
1 2 a

focal length in air According to question pn = 2.25, R1 = 32 cm. ,Ry = -31 cm. So using the mentioned formula we have : [( 2.25
1
-D(1/(+32) - 1/(-31))] = ? =f=[(32 x 3D/((2.25-1) x (32 + 31))] after solving it we get f = 12.59683

The radius of curvatures of a double convex lens are 31 cm , 33 cm respectively and focal length29.5 cm. Find
refractive index of the material of lens w.r.t ?
1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) | — ) = f_ . Where fa is focal
a

Ri R_z
length in air According to question p = ? , Ry = 31 cm. ,Ra = -33 cm.and focal length f= 29.5 cm. So using the mentioned formula

we have : [(p-1)(1/(+31) - 1/(-33)) = 1/29.5] = (p -1) = [(31 X 33)/((29.5) x (31 + 33))] after solving it we get . = 1.541843

If the ratio of radius of curvatures of a biconvex lens is 4 : 3 and focal length is 23 cm. Find the refractive index
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of the material of lens w.r.t air while curvature of first surface is 33 cm.

1 1 1
SOLUTION: As we know the formula for refmctzon by double refractive index is:(qu9 — 1) R E = — . Where fais
1
focal length in air According to question p = ? , Ry = 4R = 132cm.,Ry = -3R = -99cm. and focal length f = 23 cm So using the

mentioned formula we have : [(p-])(]/(+]32) 1/(-99))] =123 = (p-1)=[((4 x 3)/(4+3)) x 33 x 1/23] = p=[((4 X 3)/(4
+3)) x 33 x 1/23] + 1 after solving it we get p = 3.459627

If the ratio of radius of curvatures of a biconvex lens is 2 : 5 and refractive index of the material of lens w.r.t air

is 1.6 while curvature of first surface is 26 cm. Find the focal length of the lens

1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) ( R f . Where fa is focal
1 2 a

length in air According to question pn = 1.6, Ry = 2R = 52cm.,Ry = -5R = -130cm. and focal length f = ? So using the mentioned
1
Sformula we have : [(1.6 -1)(1/(+52) - 1/(-130))] = 7 =f=[((2x 5% 26)/((2+5) x (1.6- 1))] after solving it we get f = 61.90476

An object 3 cm high is placed 7 cm in front of a convex lens of focal length 22 cm. What is the position and

height of the image?

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the
voou

lens According to question u = -7 cm. , f= 22 cm. and height of the object h = 3cm. , v = ? and height of image hI = ? . Now
using the mentioned formula we have 1/22 = 1/ - 1/-7 = v = [(7 X 22)/(7 - 22 )] = -10.26667cm.(b) And for height of Image we

Img
Ob = |-10.26667/7| = |Im/3| = Im = 4.4 cm.

v
have‘f‘ =
u

An object 2 cm high is placed 32 cm in front of a concave lens of focal length -32 cm. What is the position and
height of the image?

SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— =

SIS

1
— — . Where fis focal length of the
u

lens According to question u = -32 cm. , f=-32 cm. and height of the object h = 2cm. v = ? , and height of image hl = ? . Now
using the mentioned formula we have 1/-32 = 1/v - 1/-32 = v = [(32 X -32)/(32 + 32 )] = -16cm.(b) And for height of Image we

I
have‘ﬁ‘ = |29\ 5 |-16/32| = |Im/2] = Im = 1 em.
u Ob

An object placed 33 cm. from a lens produces a virtual/real image at 28 cm. from the lens. (a) What is the focal
length of the lens? (b) Is the lens convex or concave? (c) What is the height of the Image if the height of object
is 9cm.

1 1

1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
voou

According to question: (a) If image is real u = -33 cm. , v = 28 cm. and height of the object h = 9cm. f=? , and height of image hl
1
= ? . Now using the mentioned formula we have ? =1/28-1/-33 = f=[(33 x 28)/(33 + 28 )] = 15.14754cm. And for height of

I
Image we have‘ L ‘ = |24
u

‘ = [28/33| = |Im/9| = Im = 7.636364 cm. Next case: (b)image is unreal u = -33 cm. , v =-28 cm.
1
and height of the object h = 9cm. f=? , and height of image hl = ? . Now using the mentioned formula we have ? =1/-28) - 1/

I
(-33) = f= [(33 X -28)/(33 + -28 )] = -184.8cm.(b) And for height of Image we have‘ 3‘ = ‘% ‘ = |-28/33| = |Im/9] = Im =
u
7.636364 cm.

An object is placed 101 cm from a screen. A converging lens with a 24 cm focal length is then placed between
the object and the screen and used to form a focused image on the screen. Find (a) the distance from the object

for the placement of the lens, (b) the magnification.

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is: ? = - . Where f'is focal length of the lens

(a)As image is real let u = -x cm. , So v = (101 - x) cm. while focal length given is f = 24 cm. Uvmg the mentioned formula : 1/24 =
1/(101 -x) - 1/-x = 101/ (( 101 - x) X x) . After Solving it we get x = 61.7361 cm. the distance from the object for the placement of

I
the lens is = 61.7361 cm.(b) And for magnifications have| > ibg ‘ = |39.2639/61.7361| = 0.6359957
u

If the refractive index of a media w.r.t air o™ is 3.04. What is the speed of light in the media? Speed of light
in vacuum/air is 3 x 10® m/sec.

v
SOLUTION: As we know the formula for relation between velocity of light in different media and in air/vacuum as :m, p™2 = i

ng
Va (3 x108)
—_— = =

= Vins = (3 X 108 )/ 3.04 = 9.868421E+07 m/sec.
Vi Vins

Using the mentioned formula we have : ou™ =

The refractive index of medial w.r.t air is 1.1 and of media2 w.r.t air is 0.65 . What is refractive index of media2
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w.r.t medial ,,, ™2 .

m
a2

SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial ;™2 as :m, p'™2 = o= 0.65/

1.1 =059

The refractive index of medial wrt air is 0.95 and refractive index of medial w.r.t media2 is 0.65 . What is
refractive index of media2 w.r.t air.

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, p™?2 as :m;p™? = akt

a/mel

my
mo "t = % =0.65=0.95/u™2 : S0 qu™2 = 0.95/0.65 = 1.46
alk

Find the radius of curvature of the convex surface of a Plano convex lens, whose focal length is 7cm and
refractive index of the material of lens material w.r.t air is 0.65
1 1 1
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz - 1) (R— — R_> = ? According to
1 2

1 1

question p = 0.65, Ry = infinity ,Ra = ? and =7 cm : So using the mentioned formula we have : ( 0.65 -1) (— — R_> =1/7
00 2

= -0.35/R2 = 1/7 SoR2 = -2.45cm. = -2.45cm.

The radius of curvature of either surfaces of a convex lens is equal to it’s focal length. What is the refractive
index of the material ?

1 1 1
SOLUTION: (a) As we know the formula for refraction by double refractive index iS.'(LuZ - 1) (R— — R—) = ? .According to
1 2
1 1
question p = ? , Ry = +f,Ro = -f (where fis the focal length ) So using the mentioned formula we have :(p — 1) +_f - _f> =

% = (u—1) (;) = % = (u—1)=(1/2): Sop=(1+(1/2)=32=15... Ans.

A biconvex lens with both faces of the same radius of curvature is to be manufactured from a glass of refractive
index 2.6What should be the radius of curvature for the focal length of the lens to be 5.5 cm.?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (1“2 - 1) (R— — R_> = ? According to ques-
1 2
1 1
tion p = 2.6, R1 = +R ,R2 = -R and the focal length = 5.5 cm. So using the mentioned formula we have : (2.6 -1) (ﬁ - —R>

2
=1/55=16% (1—%> =(1/5.5) = R = 17.6cm. Radius of curvature of both faces is equal to 17.6cm.

The focal length of a convex lens in air is 8 cm. and the refractive index of glass material w.ct air is 1.5 . What
will be it’s focal length when it is immersed in a media whose refractive index w.r.t air is (i) 1.25 (11) 3.25 (iii)
1.125 (iv) 2.25

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R— — R_> = f_ ——(1) Where fa
1 2 a
1 1 1
is focal length in air Similarly focal length in media will be given as :(mp9 — 1) (F — F) = f_ ———(2) Where fm, is focal
1 2 m
9 _1 9 —1) Xq pu™
length in media dividing equation (1) by (2) we get: fr,, = al = X fa . Which can be rearrange as : fm = M X
mpd —1 (apt9 —a p™)
Ja:

= (1) fm =[(1.5-1) X 1.25/(1.5 - 1.25)] X 8 = fm = 20cm. = So focal length in the media will be given as : 20cm.

2) fm =[(1.5-1) X 3.25/(1.5 - 3.25)] X 8 = fm =-7.428571cm. = So focal length in the media will be given as : -7.428571cm.
) fm =[(1.5-1) X 1.125/(1.5- 1.125)] X 8 = fm, = 12cm. = So focal length in the media will be given as : 12cm.

(4) fm = [(1.5-1) X 2.25/(1.5 - 2.25)] X 8 = fm = -12c¢m. = So focal length in the media will be given as : -12cm.

The radius of curvatures of a double convex lens are 48 cm. and 33 cm respectively while refractive index of
the material of lens w.r.t air is 2.25. Find it’s focal length?

1 1 1

SOLUTION: As we know the formula for refraction by double refractive index is:(au? — 1) (E — E) = — . Wherefais
1 2 a

focal length in air According to question p = 2.25, R1 = 48 cm. ,Ry = -33 cm. So using the mentioned formula we have : [( 2.25

-D(1/(+48) - 1/(-33))] = % = = [(48 x 33)/((2.25 -1) x (48 + 33))] after solving it we get f = 15.64444

The radius of curvatures of a double convex lens are 21 cm, 39 cm respectively and focal length26 cm. Find
refractive index of the material of lens w.r.t ?
1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) [ — ) = — . Wherefais focal

Rl h E fa
length in air According to question pp = ? , Ry = 21 cm. ,Rg = -39 cm.and focal length f= 26 cm. So using the mentioned formula

Numerical on Refraction Question and Answer prepared by O.P.Srivastava



Name:

265.

266.

267.

268.

269.

270.

271.

Student ID: Page: 37 of 41

we have : [(p-1)(1/(+21) - 1/(-39)) = 1/26] = (p -1) = [(21 X 39)/((26) x (21 + 39))] after solving it we get . = 1.525

If the ratio of radius of curvatures of a biconvex lens is 4 : 3 and focal length is 10 cm. Find the refractive index
of the material of lens w.r.t air while curvature of first surface is 20 cm.

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) R R_> = f_ . Where fa is focal
1 2 a

length in air According to question p = ? , R1 = 4R = 80cm.,R2 = -3R = -60cm. and focal length f = 10 cm. So using the mentioned
Sformula we have : [(p -1)(1/(+80) - 1/(-60))] = 1/10 = (p-1) = [((4 X 3)/(4 +3)) x 20 x 1 /10] = p = [((4 X 3)/(4 +3)) x
20 x 1/10] + 1 after solving it we get . = 4.428571

If the ratio of radius of curvatures of a biconvex lens is 4 : 3 and refractive index of the material of lens w.r.t air
is 3.2 while curvature of first surface is 20 cm. Find the focal length of the lens

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) <R= - R=> f . Where fa is focal
1 2
length in air According to question pp = 3.2, Ry = 4R = 80cm.,R2 = -3R = -60cm. and focal length f = ? So using the mentioned

formula we have : [(3.2-1)(1/(+80 ) - 1/(-60))] = % =f=[((4 x 3 X 20)/((4 + 3) X (3.2- 1))] after solving it we get f = 15.58442

An object 2 cm high is placed 54 cm in front of a convex lens of focal length 17 cm. What is the position and
height of the image?

S

1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:= = — — Where fis focal length of the lens

i:’ﬂ»—‘

According to question u = -54 cm. , f= 17 cm. and height of the object h = 2cm. , v = ’ and height of image hI = ? . Now using
the mentioned formula we have 1/ 17 = 1/v - 1/ -54 = v = [(54 X 17)/(54 - 17)] = 24.81081cm.(b) And for height oflmage we

v Im g
have‘ z ‘ = = |24.81081/54] = |Im/2| = Im = 0.9189189 cm.
u

An object 4 cm high is placed 31 cm in front of a concave lens of focal length -24 cm. What is the position and
height of the image?
1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
u

According to question u = -31 cm. , f = -24 cm. and height of the object h = 4cm. v = ’ , and height of image hl = ? . Now using
the mentioned formula we have 1/ -24 = 1/v - 1/-31 = v = [(3] X -24)/(3] + 24 )] = -13 52727cm.(b) And for height oflmage we

Img
Ob = |-13.52727/31| = |Im/4| = Im = 1.745455 cm.

v
have‘—‘ =
u

An object placed 33 cm. from a lens produces a virtual/real image at 47 cm. from the lens. (a) What is the focal
length of the lens? (b) Is the lens convex or concave? (c) What is the height of the Image if the height of object
is lem.

1 1

SOLUTION: As we know the formula for refraction by thin concave/convex lens is:l = — — — . Where f'is focal length of the lens
According to question: (a) If image is real u = -33 cm. , v =47 cm. and height of the objequt h :u]cm. =7, and height of image hl
= ? . Now using the mentioned formula we have L 1/47 - 1/-33 = = [(33 X 47)/(33 + 47 )] = 19.3875cm. And for height of
2= |5

Image we have ‘ = [47/33| = |Im/1| = Im = 1.424242 cm. Next case: (b)image is unreal u = -33 cm. , v =-47 cm.
u

1
and height of the object h = Icm. f=? , and height of image hl = ? . Now using the mentioned formula we have ? =1/(-47) - 1/

(-33) = f=[(33 X -47)/(33 + -47 )] = 110.7857cm. (b) And for height of Image we have‘ 2 ‘ =
u
= Im = 1.424242 cm.

I
‘ mg‘ = |-47/33| = |Im/1|

An object is placed 92 cm from a screen. A converging lens with a 21 cm focal length is then placed between
the object and the screen and used to form a focused image on the screen. Find (a) the distance from the object

for the placement of the lens, (b) the magnification.

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is: — = — — — . Where fis focal length of the lens
v

(a)As image is real let u = -x cm. , Sov = (92 - x) cm. while focal length given is f = 21 cm. Using the mentioned formula : 1/21 =
1/(92-x)-1/-x =92/ ((92 -x) X x). After Solving it we get x = 59.56466 cm. the distance from the object for the placement of the

I
lens is = 59.56466 cm. (b) And for magnifications have‘ g ‘ = |24 ‘ = |32.43534/59.56466| = 0.54454
u

If the refractive index of a media w.r.t air o™ is 2.28. What is the speed of light in the media? Speed of light
in vacuum/air is 3 x 10® m/sec.

v
SOLUTION: As we know the formula for relation between velocity of light in different media and in air/vacuum as :m, p'™2 = RALLE

Vins
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1 8
_Ya _ (8 x 107 = Viny = (3 x 108 )/ 2.28 = 1.31579x10% m/sec.
Vim Vimsy

Using the mentioned formula we have : o™

272. The refractive index of medial wir.t air is 1.1 and of media2 w.r.t air is 1.3 . What is refractive index of media2
w.r.t medial ,,, ™2 .

m
mgza/’l’ 2

ap™t

=13/11

SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, 12 as :mq pt
=118

273. The refractive index of medial w.r.t air is 0.95 and refractive index of medial w.r.t media2 is 1.95 . What is
refractive index of media2 w.r.t air.

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, p™2 as :m;p™? = ak

apm1

mi
B 195 =0.95/uu™2 : S0 qu™2 = 0.95/1.95 = 0.49

m p—
ma " = =
alk

274. Find the radius of curvature of the convex surface of a Plano convex lens, whose focal length is 13.5cm and
refractive index of the material of lens material w.r.t air is 1.3

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz - 1) (R— — R_> = ? According to
1 2

1 1
question . = 1.3, Ry = infinity ,Ro = ? and f = 13.5 cm : So using the mentioned formula we have : (1.3 -1) (— — R_> =

o 2
1/13.5 = 0.3/R2 = 1/13.5 SoR2 = 4.049999cm. = 4.049999cm.

275. The radius of curvature of either surfaces of a convex lens is equal to it’s focal length. What is the refractive
index of the material ?

1 1 1
SOLUTION: (a) As we know the formula for refraction by double refractive index iS.'(LuZ — 1) <R= — R=> = 7 .According to
1 2
1 1
question p = ? , R1 = +f,Ra = -f (where fis the focal length ) So using the mentioned formula we have :(u — 1) <+_f - _f> =
1 2 1
? =(p—1) <?> = ? = pu—1)=(1/2):Sopn=(1+(1/2)=32=15..... Ans.

276. A biconvex lens with both faces of the same radius of curvature is to be manufactured from a glass of refractive

index 1.95What should be the radius of curvature for the focal length of the lens to be 15.5 cm.?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz — 1) (R— — R_> = = .According to
1 2

question p = 1.95, Ry = +R ,Ry = -R and the focal length = 15.5 cm. So using the mentioned formula we have : ( 1.95
1 1 2
-1) (ﬁ — —R> =1/15.5 = 0.95% <1—%> =(1/15.5) = R = 29.45cm. Radius of curvature of both faces is equal to 29.45cm.

277. The focal length of a convex lens in air is 9 cm. and the refractive index of glass material w.r.t air is 1.5 . What
will be it’s focal length when it is immersed in a media whose refractive index w.rt air is (i) 2 (11) 4 (iii) 1.5 (iv)

3
1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R_ — R_> = f_ ——(1) Where fa
1 2 a
1 1 1
is focal length in air Similarly focal length in media will be given as :(mp9 — 1) (F — F) = f_ ———(2) Where fm, is focal
1 2 m
9 _1 9 —1) Xq pu™
length in media dividing equation (1) by (2) we get: fr,, = ol = X fa . Which can be rearrange as : fm = M X
mpd —1 (ap? —a p™)

fa:

= (1) fm =[(1.5-1) X 2/(1.5-2)] X 9 = fm =-18cm. = So focal length in the media will be given as : -18cm.

2) fm =[(1.5-1) X 4/(1.5-4)] X 9= fm =-7.2cm. = So focal length in the media will be given as : -7.2cm.

3) fm =[(1.5-1) X 1.5/(1.5-1.5)] X 9 = fm = Infinitycm. = So focal length in the media will be given as : Infinitycm.
(4) fm =[(1.5-1) X 3/(1.5-3)] X 9= fm =-9cm. = So focal length in the media will be given as : -9cm.

278. The radius of curvatures of a double convex lens are 29 cm. and 38 cm respectively while refractive index of

the material of lens w.r.t air is 0.75. Find it’s focal length?

1 1 1

SOLUTION: As we know the formula for refraction by double refractive index is:(au? — 1) (E — E) = — . Wherefais
1 2 a

focal length in air According to question . = 0.75, R1 = 29 cm. ,R2 = -38 cm. So using the mentioned formula we have : [( 0.75

-D(1/(+29) - 1/(-38))] = % == [(29 x 38)/((0.75 -1) x (29 + 38))] after solving it we get f = -65.79105

279. The radius of curvatures of a double convex lens are 42 cm, 31 cm respectively and focal length18.5 cm. Find
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refractive index of the material of lens w.r.t ? . . .
SOLUTION: As we know the formula for refraction by double refractive index is: (qu9 — 1) R R_> = f_ . Where fa is focal
1 2 a
length in air According to question p = ? , Ry =42 cm. ,Ry = -31 cm.and focal length f= 18.5 cm. So using the mentioned formula
we have : [(p-1)(1/(+42) - 1/(-31)) = 1/18.5] = (p -1) = [(42 X 31)/((18.5) X (42 + 31))] after solving it we get p = 1.964087

If the ratio of radius of curvatures of a biconvex lens is 2 : 5 and focal length is 27 cm. Find the refractive index
of the material of lens w.r.t air while curvature of first surface is 36 cm.
1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is:(au? — 1) N = f= . Where fa is
1 2
focal length in air According to question p = ? , Ry = 2R = 72cm.,Ry = -5R = -180cm. and focal length f = 27 cjn. So using the
mentioned formula we have : [(p-1)(1/(+72) - 1/(-180))] = 1/27 = (p-1) = [((2 X 5)/(2+5)) X 36 X 1/27] = p = [((2 X 5)/(2
+5)) X 36 X 1/27] + 1 after solving it we get p = 2.904762

If the ratio of radius of curvatures of a biconvex lens is 4 : 3 and refractive index of the material of lens w.r.t air

is 2.4 while curvature of first surface is 38 cm. Find the focal length of the lens

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (o9 — 1) 7 = f= . Where fa is focal
1 2

a
length in air According to question p = 2.4, R1 = 4R = 152cm.,R2 = -3R = -114cm. and focal length = ? So using the mentioned
1
Sformula we have : [(2.4 -1)(1/(+152) - 1/(-114))] = ? =f=[((4 x 3 X 38)/((4+ 3) X (2.4- 1))] after solving it we get f = 46.53061

An object 2 cm high is placed 24 c¢cm in front of a convex lens of focal length 29 cm. What is the position and

height of the image?

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:= = = — — . Where fis focal length of the
voou

lens According to question u = -24 cm. , = 29 cm. and height of the object h = 2cm. , v = ? and height of image hI = ? . Now
using the mentioned formula we have 1/29 = 1/ - 1/-24 = v = [(24 x 29)/(24 - 29 )] = -139.2cm.(b) And for height of Image we

I
9 ‘ = |-139.2/24 = |Im/2| = Im = 11.6 cm.

have‘ L ‘ =
u Ob

An object 5 cm high is placed 14 cm in front of a concave lens of focal length -35 cm. What is the position and

height of the image?
1

1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the
voou
lens According to question u = -14 cm. , f=-35 cm. and height of the object h = 5cm. v = ? , and height of image hl = ? . Now
using the mentioned formula we have 1/-35 = 1/v - 1/-14 = v = [(14 X -35)/(14 + 35 )] = -10cm.(b) And for height of Image we

Img
b = |-10/14| = |Im/5| = Im = 3.571429 cm.

v
have|—| =
u

An object placed 30 cm. from a lens produces a virtual/real image at 36 cm. from the lens. (a) What is the focal
length of the lens? (b) Is the lens convex or concave? (c) What is the height of the Image if the height of object
is 4cm.
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:l = 1 — 1 . Where fis focal length of the lens
According to question:(a) If image is real u = -30 cm. , v = 36 cm. and height of the ob;ect hu: 4em. f=? , and height of image
hl =? . Now using the mentioned formula we have % =1/36-1/-30 = = [(30 X 36)/(30 + 36)] = 16.36364cm. And for height

I
of Image we have‘ 2 ‘ = ‘% ‘ = |36/30| = |Im/4| = Im = 4.8 cm. Next case: (b)image is unreal u = -30 cm. , v =-36 cm. and
u

1
height of the object h = 4cm. f=? , and height of image hl = ? . Now using the mentioned formula we have ? =1/-36) - 1/(-30)

Img

== [(30 x -36)/(30 + -36 )] = 180cm.(b) And for height of Image we have‘ E‘ = ‘ Ob
u

‘ = [-36/30| = |Im/4| = Im = 4.8 cm.
An object is placed 113 cm from a screen. A converging lens with a 28 cm focal length is then placed between
the object and the screen and used to form a focused image on the screen. Find (a) the distance from the object

for the placement of the lens, (b) the magnification.

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is: ? = — — — . Wheref'is focal length of the lens
v

(a)As image is real let u = -x cm. , So v = (113 - x) cm. while focal length given is f = 28 cm. Using the mentioned formula : 1/28 =
/(113 -x)-1/~x=113/(( 113 -x) X x) . After Solving it we get x = 61.81507 cm. the distance from the object for the placement of

I
the lens is = 61.81507 cm.(b) And for magnifications have‘ 3‘ = ‘ % ‘ = |51.18493/61.81507| = 0.8280331
u

If the refractive index of a media w.r.t air o™ is 1.52. What is the speed of light in the media? Speed of light
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in vacuum/air is 3 x 108 m/sec.

v
SOLUTION: As we know the formula for relation between velocity of light in different media and in air/vacuum as :m, p'™2 = %
™o
V. 3 x 108
Using the mentioned formula we have : ou™ = V=a = % = Vg = (3 X 108 )/ 1.52 = 1.973684x 108 m/sec.
m ma

287. The refractive index of medial w.r.t air is 1.65 and of media2 wir.t air is 0.65 . What is refractive index of media2
w.rt medial ,,, p"*? .
a/Jan2

mi

SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial ;12 as ‘m, p'™2 = =0.65/

1.65 =0.39

288. The refractive index of medial w.r.t air is 1.9 and refractive index of medial w.rt media2 is 2.6 . What is
refractive index of media2 w.r.t air.

ma
SOLUTION: As we know the formula for relation, refractive index of media2 wrt medial m, p™2 as :m,p™2 = a'uml
alt
my
ma "t = alt =26=19/um2 80 u™2=19/26=0.73
a2

289. Find the radius of curvature of the convex surface of a Plano convex lens, whose focal length is 14.5cm and
refractive index of the material of lens material w.r.t air is 1.3

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz - 1) (R— — R_> = ? According to
1 2

1 1
question p = 1.3, Ry = infinity , Ry = ? and = 14.5 cm : So using the mentioned formula we have : (1.3 -1) <= — R=> =

0o 2
1/14.5 = 0.3/R2 = 1/14.5 SoRg = 4.349999cm. = 4.349999cm.

290. The radius of curvature of either surfaces of a convex lens is equal to it’s focal length. What is the refractive
index of the material ?

1 1 1
SOLUTION: (a) As we know the formula for refraction by double refractive index iS.'(LuZ - 1) (R— — R_> = ? .According to
1 2
1 1
question p = ? , Ry = +f,Ro = -f (where fis the focal length ) So using the mentioned formula we have :(u — 1) <+_f - _f> =
1 2 1
? =(p—1) (;) = ? = p—1)=1/2):Sopn=(1+(1/2)=32=15..... Ans.

291. A biconvex lens with both faces of the same radius of curvature is to be manufactured from a glass of refractive
index 0.65What should be the radius of curvature for the focal length of the lens to be 13 cm.?

1 1 1

SOLUTION: As we know the formula for refraction by double refractive index iS.'(lpz - 1) (R— — R_> = — .According to
1 2

question p = 0.65, Ry = +R ,Re = -R and the focal length = 13 cm. So using the mentioned formula we have : ( 0.65 -

1 1 2
U(ﬁ — 5) =1/13 = -0.35x% <1—%> =(1/13) = R =-9.1cm. Radius of curvature of both faces is equal to -9.1cm.

292. The focal length of a convex lens in air is 9 cm. and the refractive index of glass material w.r.t air is 1.5 . What
will be it’s focal length when it is immersed in a media whose refractive index w.r.t air is (i) 1.25 (11) 3.25 (iii)
1.125 (iv) 2.25

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R— — R_> = f_ ——(1) Where fa
1 2 a
1 1 1
is focal length in air Similarly focal length in media will be given as :(mp9 — 1) (F — F) = f_ ———(2) Where fm, is focal
1 2 m
9 -1 9 —1) Xq pu™
length in media dividing equation (1) by (2) we get: f, = ak = X fa . Which can be rearrange as : f, = M
mpd —1 (ap9 —a p™)

fa:

= (1) fm =[(1.5-1) X 1.25/(1.5-1.25)] X 9 = fm = 22.5cm. = So focal length in the media will be given as : 22.5cm.

2) fm =[(1.5-1) X 3.25/(1.5 - 3.25)] X 9 = fm =-8.357142cm. = So focal length in the media will be given as : -8.357142cm.
3) fm =[(1.5-1) X 1.125/(1.5- 1.125)] X 9= fm = 13.5cm. = So focal length in the media will be given as : 13.5cm.

(4) fm =[(1.5-1) X 2.25/(1.5 - 2.25)] X 9 = fm =-13.5¢cm. = So focal length in the media will be given as : -13.5cm.

293. The radius of curvatures of a double convex lens are 23 cm. and 33 cm respectively while refractive index of

the material of lens w.r.t air is 2.25. Find it’s focal length?

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is:(au? — 1) (E — E) = — . Wherefais
1 2 a

focal length in air According to question . = 2.25, R1 = 23 cm. ,Ry = -33 cm. So using the mentioned formula we have : [( 2.25
1
-D(1/(+23) - 1/(-33))] = ? = f=[(23 X 33)/((2.25-1) x (23 + 33))] after solving it we get f = 10.84286
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294. The radius of curvatures of a double convex lens are 40 cm , 33 cm respectively and focal lengthll cm. Find
refractive index of the material of lens w..t ?
1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) (R— — R_> = f_ . Where fa is focal
1 2 a
length in air According to question p = ? , R1 = 40 cm. ,R2 = -33 cm.and focal length = 11 cm. So using the mentioned formula
we have : [(p -1)(1/(+40) - 1/(-33)) = 1/11] = (p-1) = [(40 x 33)/((11) X (40 + 33))] after solving it we get p = 2.643836

295. If the ratio of radius of curvatures of a biconvex lens is 2 : 4 and focal length is 11 cm. Find the refractive index
of the material of lens w.r.t air while curvature of first surface is 21 cm. ) )

1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) N = f= . Where fa is focal
1 2 a
length in air According to question jp = ? , R4 = 2R = 42cm.,Ra = -4R = -84cm. and focal length f= 11 cm. So using the mentioned
formula we have : [(p -D(1/(+42) - 1/(-84))] = I/1l = (pn-1) =[(2 X 4)/(2+4) x 21 x 1/1l] = p=[(2%X 4)/(2+4) x 2]
X 1/ 11] + 1 after solving it we get p = 3.545455

296. If the ratio of radius of curvatures of a biconvex lens is 3 : 5 and refractive index of the material of lens w.r.t air
is 1.6 while curvature of first surface is 36 cm. Find the focal length of the lens

1 1 1
SOLUTION: As we know the formula for refraction by double refractive index is: (a9 — 1) R R=> = f= . Where fa is focal
1 2 a

length in air According to question p = 1.6, R1 = 3R = 108cm.,R2 = -5R = -180cm. and focal length f = ? So using the mentioned
1
Sformula we have : [( 1.6 -1)(1/(+108 ) - 1/(-180))] = ? =f=[((3 X 5x36)/((3+5) X (1.6- 1))] after solving it we get f = 112.5

297. An object 3 cm high is placed 33 c¢cm in front of a convex lens of focal length 24 cm. What is the position and

height of the image?

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:= = = — — . Where fis focal length of the
u

v
lens According to question u = -33 cm. , = 24 cm. and height of the object h = 3cm. , v = ? and height of image hI = ? . Now
using the mentioned formula we have 1/ 24 = 1/v - 1/-33 = v = [(33 X 24)/(33 - 24 )] = 88cm.(b) And for height of Image we
I

% | = |88/33| = |Im/3] = Im = 8 cm.

have‘ E‘ =
u

298. An object 5 cm high is placed 40 cm in front of a concave lens of focal length -16 cm. What is the position and
height of the image?

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
voou

According to question u = -40 cm. , f = -16 cm. and height of the object h = 5cm. v = ? , and height of image hl = ? . Now using
the mentioned formula we have 1/ -16 = 1/v - 1/-40 = v = [(40 X -16)/(40 + 16 )] = -11.42857cm.(b) And for height of Image we

Img

have‘ 3‘ = E‘ = |-11.42857/40| = |Im/5| = Im = 1.428571 cm.
u

299. An object placed 32 cm. from a lens produces a virtual/real image at 19 cm. from the lens. (a) What is the focal
length of the lens? (b) Is the lens convex or concave? (c) What is the height of the Image if the height of object
is Scm.

1 1

1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is:— = — — — . Where fis focal length of the lens
voou

According to question: (a) If image is real u = -32 cm. , v = 19 cm. and height of the object h = 5cm. f=? , and height of image hl

= ? . Now using the mentioned formula we have 1 =1/19-1/-32 = f=[(32 x 19)/(32 + 19)] = 11.92157cm. And for height of
my f

Ob

height of the object h = S5cm. f=? , and height of image hl = ? . Now using the mentioned formula we have % =1/-19) - 1/(-32)

Image we have‘ E‘ = ‘ ‘ = [19/32] = |Im/5| = Im = 2.96875 cm. Next case: (b)image is unreal u =-32 cm. , v =-19 cm. and
u

Img

= f=[(32 X -19/32 + -19)] = -46.76923cm.(b) And for height of Image we have‘ 3‘ = ‘ o
u

2.96875 cm.

‘ = |-19/32| = |Im/5| = Im =

300. An object is placed 98 cm from a screen. A converging lens with a 20 cm focal length is then placed between
the object and the screen and used to form a focused image on the screen. Find (a) the distance from the object

for the placement of the lens, (b) the magnification.

1 1 1
SOLUTION: As we know the formula for refraction by thin concave/convex lens is: — = — — — . Where fis focal length of the lens
v

(a)As image is real let u = -x cm. , Sov = (98 - x) cm. while focal length given is f = 20 cm. Using the mentioned formula : 1/20 =
1/(98 -x) - 1/-x = 98 /(( 98 - x) X x) . After Solving it we get x = 70 cm. the distance from the object for the placement of the lens is

I
= 70 cm.(b) And for magnifications have‘ 2 ‘ = % ‘ = [28/70| = 0.4
u
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