G491 Imaging Questions – Part II – Sections A and B
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(i) Calculate the greatest depth that could be represented in the image.





Jan 2006 Q7

[image: image1.png]) S Repafs - Sewing Machine Di: * | &0 BBC - Learning Zane Class ¢/ ' [ P1_10 » | [ Enter the sie [ 641 (0P | [ physics taskermiward.org.u

€« C' A | [ physics.taskermiward.org.uk KS5/past_papers/G491_2860_papers/2850_lune_2005_QP.pdf ol =
£ Customize nks £ Free Hotmall ] Windows Marketplace £ Windows Media [ Windows 10 Access options ) Gravitatonalpotential.. [E] Google Inage Resut .. @ Nasa Water Rockets p. [ Other booknarks
for
4 | Examiner's
e

4 (a) The grains in a photographic film are spaced about 12m apart.
One picture takes up an area of film that is 36 mm x 25 mm.

Show that the number of grains making up one picture is about 6 x 10°.

e

(b) Each grain is either exposed or not and can therefore be digitised as 1 bit of
information, either 1 or 0.

A CD can store about 650 Mbytes of information.

Calculate the number of these pictures that can be stored on the CD.

number of pictures = 2

5 Fig. 5.1 shows an aluminium conductor on the surface of a computer chip.
It has a cross-sectional area A = 2.0 x 10'°m? and a length L = 8.5 x 10~*m. g
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[image: image3.png]7 This question is about the fixed focus disposable camera, shown in Fig. 7.1.

Fig. 7.1
(a) Fig. 7.2 shows three wavefronts of light moving towards a lens from a very distant
object.
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Fig.7.2

On Fig. 7.2, draw the wavefronts of light after passing through the lens, as they move

towards F the principal focus of the lens.

‘One wavefront has been drawn for you. 0]
(b) The focal length f of the camera lens is 12.5mm.

Calculate the power of the lens, in dioptres.
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Fig.72

On Fig. 7.2, draw the wavefronts of light after passing through the lens, as they move
towards F the principal focus of the lens.

One wavefront has been drawn for you. vl

(b) The focal length fof the camera lens is 12.5 mm.

Calculate the power of the lens, in diopires.

power .D[2]

9 for
(©) () The camera is used to photograph a very distant object.

‘The film s 12.5 mm behind the lens.
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9.) A slide projector produces a magnified focused image of a slide as shown in Fig. 9. 
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9 Aslide projector produces a magnified focused image of a slide as shown in
Fig. 9.
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Fig.9

(a) State the type of lens required for the projector.

m
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 (a) State the type of lens required for the projector. 

[1]

(b) The image on the screen is projected the correct way up.   How must the slide be placed in the projector to achieve this? 

[1] 

(c) The width of the slide is 35 mm. If the image on the screen is to be 1.75m wide, what is the magnification? 

magnification = ……………………………….[2] 

(d) The image is 4.0 m from the projector lens.  Calculate the object distance u from the slide to the lens. 

object distance u = ……………………………….[2] 

(e) Calculate the power of the projector lens. 

power of lens = ......... ..................... D [3]

(f) The screen is moved further away from the projector.  What adjustment to the lens position is needed to keep the image in focus? 

[1]

[image: image5.png](¢) (i) The camera is used to photograph a very distant object.
‘The film s 12.5 mm behind the lens.
s

s
Using the equation = & + ¢

explain why the image is in focus on the film.

)]

(i) Calculate the distance of the image from the lens, when the object is 2.00m in front
of the lens.

Give your answer o an appropriate number of significant figures.

image distance = . mm [3]

() An advertisement for the camera states that the depth of field i from 2.0m to nfiity(-).
The depth of feld i the range of object distances which give a reasonable focus on the.
fim.

‘Suggest how your answer to (c)(ii) supports this statement.

U]
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[image: image6.png]8 Fig.8.1is a digital photograph of the identical space shuttles Atlantis (foreground) and Endeavour
(background) at the NASA Space Centre in Florida. The length of each shuttie is shown by white
marker lines.

700pixels
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Fig.8.1
(a) Each pixel of the image is recorded on a greyscale with 128 levels.

‘State and explain how many bits per pixel are needed for 128 alterative levels.

(b) The image is 700 x 520 pixels.

‘Show that the amount of information in the image is less than 1 Mbyte.





[image: image7.png](e) Use Fig. 8.1 o calculate the ratio:
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/ In your answer, you should make the steps in your method clear.

(d) The image resolution at the position of Atlantis is 0.24m pixel™".
(i) Use this information to estimate the length of Atlantis indicated in Fig. 8.1.
Make your method clear.

length
(i) Estimate the resolution of the image at the position of Endeavour.

m pixel~" [1]
[Total: 10]
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[image: image8.png]7 Along-sighted person needs a corrective lens of power + 5.5 D for reading. One corrective lens is
rather thick and heavy. The optician suggests a lighter, less curved lens of a material with a higher
refractive index, as shown in Fig. 7.1. The density of the materials for both lenses is the same.

thicklens  higher refractive index lens
Fig. 7.1

Explain how the higher refractive index lens can

(a) be less heavy than the thick lens

U]
(b) have the same power as the thick lens.

U]
[Total Section A: 20]





[image: image9.png]10 A vertical filament lamp is placed a distance u in front of a converging lens as shown in

Fig. 10.1
A real image of height his focused on the screen at distance v from the lens.

lens screen
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Fig. 10.1

(a) () On Fig. 10.1, mark with the letter F the principal focus of the converging lens.  [1]

(i) Explain using Fig. 10.1 why the real image is Inverted.

U}

(b) The distance of the screen from the lens is varied and the image is refocused by
changing the object distance u. Values of h and v are measured and the data plotted
(Fig. 10.2).
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[image: image10.png]() Draw the line of best fit on Fig. 10.2. m| ™
(i) State the value of the intercept on the horizontal axs.
[T —— Y0
(il Explain why this intercept is equal to the focal length of the lens.
|
|
() The filament lamp is piaced 0.20m behind the lens.
(i) Show that the curvature of waves entering the lens is —5.0D.
U}
(i) The power of the lens is +10D.
Galculate the image distance v.
v miz)
(il Explain why the image s the same height as the object in this situation.
m
[Total: 9]











