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Key Concept Review 
 1. (a)  

      
(b)  

 
 2. The iris is a ring of muscle that opens or closes around the pupil, the 

area where light enters the eye. When the iris closes, the pupil is 
small and little light gets into the eye. When the iris opens, the pupil 
is large and lots of light gets into the eye. 

 3. Both the cornea and the lens refract light. 
 4. (a) In near-sightedness, light from far objects focusses in front of the 

retina. 
(b) In far-sightedness, light from close objects focusses behind the 

retina. 
(c) In astigmatism, the eye has an irregular shape and light focusses 

on some parts of the retina but not on others. 
 5. The term “legally blind” applies to people who need to be 6 m from 

an object to see it as well as a person with normal vision would at 60 
m; another version of legal blindness involves a field of view of less 
than 20°. 

 6. Two corneal laser surgeries for vision correction are surface surgery 
and flap surgery. 

 7. A photonic device that can detect light and send signals is implanted 
in the eye to replace the retina. 

 8. Colour vision deficiency is the condition where a person can’t 
distinguish colours normally. 

 9. This is red-green colour deficiency. 
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10. Some people with dyslexia have difficulty reading letters against a 
white background. Colour filters in eyeglasses make the background 
appear coloured. 

11. (a) A camera uses a convex lens. 
(b) The image is formed behind the lens on the film or on the light-

sensing electronics. 
12. Telephoto images show a very narrow field of view but give good 

detail of distant objects. Wide-angle images show a broad field of 
view but little detail of distant objects. Wide-angle lenses can also be 
used for close-up pictures of flowers—these images have good detail 
at a given distance but poor depth of focus. 

13. (a) A pixel is a tiny square of electronics that is an element of a 
computer image. 
(b) Each pixel is assigned a colour and all of the pixels together 

create the image. 
14. Computer software is used to reassign colours to individual pixels or 

groups of pixels, changing the overall picture. 
15. (a) Anthony van Leeuwenhoek was the first to see microbes with a 

microscope. 
(b) This was the beginning of modern understanding of the causes, 

prevention, and diagnosis of many diseases. 
16. There is an objective lens near the sample. A tube of an appropriate 

length separates the objective lens from the second lens, the eyepiece. 
17. For small diameters, the image quality of a refracting telescope is 

better. For larger diameters, high quality lenses are too difficult to 
make, too expensive, and too heavy for reasonable use. In this case a 
reflecting telescope is better. 

18. There is a concave mirror at the bottom of the tube. This reflects light 
to a tiny plane mirror close to the focal point of the concave mirror. 
This in turn reflects light into an eyepiece (convex lens). 

19. (a) Laser light is very collimated and only heats things it hits. As a 
result you can get a lot of usable brightness without spreading 
heat all around. 

(b) Laser light may burn your retina. 
20. (a) Solar cells use semiconductors (photovoltaic cells) to turn light 

directly into electricity. 
(b) In optical computers, photons are used to carry signals rather than 

an electric current. 

Connect Your Understanding  
21. (a) Microscopes help detect disease-causing organisms. The 

magnification is limited to a few thousand times. 
(b) A small refracting telescope is sturdy. The clarity and weight of 

large lenses make large refracting telescopes impractical. 
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(c) It is easy to make a huge reflecting telescope with a high quality 
mirror. However, such instruments are fragile and not for casual 
amateur use. 

(d) Binoculars allow you to look more closely at birds or stars, and 
can be used for navigation. However, even using prisms, 
binoculars that catch a lot of light are bulky. 

(e) Cameras record memories but they can also invade privacy. 
22. My eye would have difficulty controlling the amount of light 

entering. The pupil might not open enough to see in dim conditions; it 
might not close enough to protect against bright light. 

23. Drivers of personal vehicles have the choice of not driving in poor 
visibility. Public transit drivers must still drive in poor conditions but 
have the option to drive slowly. Emergency vehicle drivers have to 
drive fast and expertly in all conditions. A person’s vision has to be 
better to cope with harder conditions. 

24. (a)  
Function Part of eye Part of camera 
protection eyelid lens cap 
controls amount of light iris diaphragm 
opening for light pupil aperture 
adjusting focus ciliary muscles focussing ring 
redirects light lens lens 
records image retina film/CCD 

 
(b) Both devices have outer protective mechanisms, a way to control 

the amount of light, a way to adjust the focus and then focus the 
light, and a way to record an image. 

(c) In the eye, the devices are made of tissue and are controlled by 
the brain. In a camera, the devices are inorganic and are 
controlled by hand or computer. 

25. The cone cells in our eye distinguish colour in reasonably bright 
conditions. The rod cells make white-grey-black distinctions in dim 
conditions and also pick up motion easily. So an orange cat will 
certainly look grey in very poor lighting; however, a boldly spotted 
black and white cat might still look spotted. 

26. It is possible for the retina to detach partly or fully from the back of 
the eye. Light would be unable to focus properly on the detached 
area.  

27. Our brain takes the three types of signals and interprets the mixture as 
something close to a spectral colour. 

28. Students’ answers may vary but may include some of these points: 
• A blind person needs support (cane, dog, companion) to walk 

safely along a sidewalk, while a colour blind person can see the 
bumps, cracks, and turns. 

• A blind person needs support (sounds, dog, companion) to cross a 
street at a light, while a colour blind person can often distinguish a 
red and green light by position. 
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• A legally blind person with partial sight can select coloured 
clothing and household colour schemes without difficulty, but a 
colour blind person requires a lot of fashion advice. 

Reflection 
29. Students’ answers may vary but might include: An optical device 

often has two or more components that redirect light (each making its 
own image) and then the eye redirects light again—it is hard to 
picture the final result of all of these changes in the light. I found it 
hard to keep track of which image was real and which was virtual, 
and why the combination worked. 

30. Students’ answers will vary. The following are two possibilities: 
•  

 
I would like someone to perfect an invisible soccer ball. It would 
be covered with tiny photonic devices. Some would record the 
light striking the surface of the ball; the others would project these 
images on the opposite side of the ball making the ball appear to 
not be there. 

•  

 
I would like someone to perfect a way to bring sunlight from the 
roof of my house down into the dark hallways. The device would 
be similar to a small skylight on the roof but inside it would be like 
fibre optics, redirecting light along a wide tube using total internal 
reflection. 
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Have students look at the flowcharts in Skills References 3 and 4 and 
consider whether they think they are realistic models for analyzing issues. 
 
 
 
Students need to see the arrangement of the light bulb and possible 
support mechanisms for their shade before they can complete their 
design. Demonstrate to students how the amount of light will be 
measured. 
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