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By calculation:
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Q90 continued.
By calculation:
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(a) (i), b (i) (ii)
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Q19
Power = +2; Ho = 2 mm (= 0.2 cm); u = +20 cm.
(a) the power is positive (+2) which means it is a converging (convex) lens
(b) Focal length f = 1/Power = 1/+2 = +0.5 m, or 50 cm. The object is located at a distance <f therefore we see produced an upright, enlarged virtual image on the same side as the object.
(c) Calculate v: 1/v + 1/u = 1/f
 
 
 
v = 100/3 = 33.3 cm
(d) M = Hi/Ho = |v/u|
Hi = v × Ho/u = 33.3 × 0.2/20 = 0.333 cm = 3.3 mm
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Q22
Rays 2 and 4 drawn correctly.
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Q23
If u is very big then the image will form at F (thus v = F).
[image: ]

Q24
[image: ]
[image: ]
[image: ]

Q25
(a) convex
(b) u < f so that an upright, enlarged image is produced
(c) s the optical power is increased the image would get bigger. This is because Optical Power = 1/f. As focal length (f) gets shorter, the image gets larger, and power gets larger too.
Q 26
[image: http://seniorphysics.com/ch19q26.gif]

For the convex lens
1/v + 1/u = 1/f
1/v = 1/f - 1/u
= 1/5 - 1/12
v = 8.57 cm
Therefore the distance to the concave lens = 25 - 8.57 = 16.43 cm.
For the concave lens :
1/v + 1/u = 1/f
1/v = 1/f - 1/u
= 1/-8 - 1/16.43
v = -5.4 cm 
therefore the image is 5.4 cm to the right of the concave lens.

Q27
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(a) See image of light through the lens and the image of the image of the light in the mirror.

Q28
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When v = u the object and the image are at the centre of curvature that is at 2f.
v = u = 40 cm ,therefore f = 20 cm.

Q29
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Let the object distance be 'x'
then: v = (3.6 - x) m 
M = 8
M = v/u = (3.6 - x) / x
(3.6 - x) / x = 8 
3.6 - x = 8x 
3.6 = 9x
x = 40 cm
1/v + 1/u = 1/f
1/320 + 1/40 = 1/f
f = 35.5 cm


Q30
M = v/u = 7 ,then v = 7 u, and v + u = 400 cm 
7u + u = 400
8u = 400
u = 50 cm
therefore v = 400 - 50 = 350 cm
1/v + 1/u = 1/f
1/50 + 1/350 = 1/f
f = 43.8 cm.

Q31
(a) Since the image is upright and this only occurs when there is a virtual image, the image is on the same side of the lens. That is 'v' is negative.
f = 20 , M = 5 , M	= v/u	= 5, v = 5 u ,and v is negative
1/v + 1/u = 1/f
1/-5u + 1/u = 1/20
-1/5u + 5/5u	= 1/20
4/5u	= 1/20
5u	= 80
u = 16 cm
(b) Since the image is inverted it is real , and therefore on the opposite side of the lens. M = v/u	= 5
v	= 5u and is positive
1/5u + 1/u	= 1/20
1/5u + 5/5u	= 1/20
6/5u	= 1/20
5u	= 120
u	= 24 cm

Q32

[image: http://seniorphysics.com/ch19q32.gif]

Using a few values: M = v/u 
when u = 80 cm M = 0.2 that is 0.2 = v/80
or v = 0.2 x 80 = 16 cm
1/v + 1/u = 1/f
1/-16 + 1/80 = 1/f
-5/80 + 1/80 = 1/f
-4/80 = 1/f
f = -20 cm
For u = 20 cm, M = 0.5 
that is 0.5 = v/20
or v = 0.5 x 20 = 10 cm
1/v + 1/u = 1/f
1/-10 + 1/20 = 1/f
-2/20 + 1/20 = 1/f
-1/20 = 1/f
f = -20 cm, the focal length is 20 cm
Graphically: Since 1/v + 1/u = 1/f or 1/v = - 1/u + 1/f
that is y = -x +c where y = 1/v, x = 1/u, and c = 1/f.
Graphing 1/v against 1/u gives an intercept on the y (1/v) axis of c (1/f).
[image: http://seniorphysics.com/ch19q32b.gif][image: http://seniorphysics.com/ch19q32c.gif]
The graph crosses the y axis at approximately 0.055 this is 1/f 
1/f = 0.055 , f = 18.2cm

Q33
M = 3, that is v/u = 3 or v = 3u
1/v + 1/u = 1/f
1/3u + 1/u = 1/f
1/3u + 3/3u = 1/f
4/3u = 1/f
Now M = 2.5, that is v/u = 2.5 or v = 2.5 u
that is (3u -20) = 2.5 x, where x = new object distance.
(3u-20)/2.5 = x
and 1/v + 1/u = 1/f,
Combining and reducing to 1/f = 3.5/(3u-20)
substitute for 1/f = 4/3u
10.5 u = 12u - 80
1.5u = 80
u = 53.3 cm
therefore 1/f = 4/3u = 4 / 3 x 53.3 
f = 40 cm
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