Chapter 7

100 MCQ Answers

1) Answer: (a), (c). Sensation is the process of perceiving information about our environment. Understanding what is out there to be sensed, and how this information may be utilized by a biological system are two major aspects to the process of sensation.

2) Answer: False. In psychology’s past we have relied on participant’s ability to describe their perceptions in order to understand the senses. This was known as introspection. Today we have quite a few techniques and new technologies that require only minimal and sometimes no verbal descriptions.

3) Answers: (a), (c), and (d). Arguably our most important perceptual ability is vision. We know that vision depends on light: when there is no light, we cannot see. What are the important characteristics of light, and how do these affect the kind of information it conveys to us? Light is a form of electromagnetic radiation. ‘Visible’ light forms just a small part of the full spectrum of this radiation. The sun emits radiation over a much larger part of the spectrum than the chunk of it that we can see.

4) Answer: (c). Visible light is in the limited range of 400nm – 700nm. Before this the light spectrum is composed of ultra-violet, x-rays, gamma rays, and cosmic rays. After this the light spectrum is composed of infra-red, microwaves, TV, and radio. None of these are visible to the naked eye.

5) Answer: (d). There is plenty of ultra-violet (UV) radiation about, especially as you get nearer to the equator and at high altitude. You will have heard about your skin being at risk of sunburn when there is a lot of UV radiation around you. So we know that UV radiation is damaging to skin, and presumably other biological tissue too. This is the most likely explanation for our eyes having an in-built filter to remove UV radiation. To put it simply, if we were able to see UV rays, they would be likely to damage our eyes. Some animals do possess UV vision, especially insects and birds. It is thought that they are less vulnerable to this hazardous radiation because they live a shorter time span than humans. Our eyes must function throughout a long lifetime. Other forms of short-wavelength information, such as X-rays and gamma rays, are even more damaging to biological tissue, but these are filtered out by the earth’s atmosphere.

6) Answer: (d). Human visual sensation is very limited in its range of perceivable wavelengths. It cannot see most of the range of electromagnetic radiation, including x-rays, infra-red, or radio without some form of visual aid.

7) Answer: (c). Infra red (IR) radiation is given off in proportion to an object’s temperature. This is why it is used in night-vision devices, which can locate a warm object, such as a living body, even in the absence of light. This information could be extremely useful to us. So why do we not see it? Precisely because we are warm creatures ourselves. Imagine trying to see while holding a strong light just below your eyes. The glare from the light prevents you from seeing other objects. In the same way, we would suffer from glare if we could see IR radiation. Some animals do see IR radiation, but these are cold-blooded creatures, such as pit vipers, which do not suffer from this glare problem. The IR information is very useful in helping them to locate warm objects, such as the small mammals they hunt for food.

8) Answer: (c). Infra-red radiation is given off in proportion to an objects temperature. So warm-blooded animals like children and rats would be picked up easily whether or not they were moving. A car engine would not be picked up if it had been left off for a while, but one that was in the process of driving would show up clearly. A snake, as a cold-blooded animal would be difficult to detect with infra-red even when it was moving.

9) Answer: (b). Light travels extremely quickly, at a rate of about 300,000 km per second. In effect, this means that light transmission is instantaneous. So we cannot determine where light is coming from by perceiving differences in arrival time. No biological system exists that could respond quickly enough to signal such tiny intervals.

10) Answer: (b). One of the fastest neural systems in humans is the auditory pathway, which can sense differences in time of arrival of sound waves at each side of the head. Such differences are of the order of 1 ms. As light travels so much faster, the equivalent difference in time of arrival we would need to detect would be one millionth of a millisecond. This is impossible for neurons to resolve.

11) Answer: True. Light travels extremely quickly, at a rate of about 300,000 km per second. In effect, this means that light transmission is instantaneous. So we cannot determine where light is coming from by perceiving differences in arrival time. No biological system exists that could respond quickly enough to signal such tiny intervals.

12) Answer: (b). In transparent media, such as air, light rays travel in straight lines, enabling it to convey information with high spatial precision. This means that two different rays of light fall on different parts of the retina.

13) Answer: True. Based on different principles, humans have a high degree of directional sense, or a high acuity. Acuity describes the finest detail that a sensory system can distinguish.

14) Answer: (c). When light hits a solid object, it can be reflected or absorbed. An object that absorbs all the light hitting it will look black, and one that reflects all light will look white. So the ability to distinguish between amounts of different wavelengths of light reaching us from a given surface can convey a lot of information about the colour of the surface.

15) Answer: (a). Intermediate levels of reflectance will elicit shades between black and white. Also, objects reflect different amounts of red, green and blue light at different wavelengths.

16) Answer: (d).  Some have argued that the need to find fruit is the main reason for primates’ colour vision. However, since most primates are omnivores (eat fruit and meat) as well as need to be able to distinguish camouflaged dangers, it is not unreasonable to assume these were also important reasons for our development of colour vision.

17) Answer: (b). Trichromatic simply means that there are three types of cone cells in the retina. Humans are trichromatic, and they respond to red, green and blue light. However, many mammals are dichromatic and only respond to medium-to-long and short wavelengths. Also, some animals like birds and insects are trichromatic, but respond to ultraviolet, blue and green light.

18) Answer: (b). Like light, sound is also a form of physical energy, but this type of energy is mechanical. Sources of sound cause the air molecules next to them to vibrate with certain frequencies; these vibrations are transmitted to neighbouring molecules and cause waves of vibration to spread outwards from the source, just like waves spread on a calm pond if you throw a pebble into it.

19) Answer: (c). Sound travels much more slowly than light, with a speed of about 300 metres per second. Even though this is still pretty fast, it is slow enough for our brains to process time-of-arrival information. It takes sound just under one millisecond to travel from one side of the head to the other. This information can be encoded by neurons, giving information about what direction the sound is coming from.

20) Answer: (b). Sound can travel around corners, unlike light. Since it is not constrained to travel in straight lines, it can tell us about things that are out of sight – but at a price. The price is that sound cannot tell us about spatial location with as much precision as light can. This is a consequence of its physical properties, and nothing to do with our ears.

21) Answers: (a) and (c). Sound also gets reflected or absorbed by surfaces. Think about echoes in a cave. These are extreme examples of a process that happens less spectacularly, but more usefully, in everyday life. Subtle echoes give us clues about the location of large objects, even in the absence of vision. Blind people tend to develop this skill to a higher level, using sticks to tap the ground and listen for new echoes. Bats use echolocation to fly at night.

22) Answer: (d). Dolphins use a similar echolocation mechanism to that used by bats, both for finding their way and for communication. In general, communication is the other main use for sound, since it is generally easier for animals to produce sound than light. Speech production and recognition in humans is a spectacularly impressive process, which is crucial to our success as a species. The fact that sound can travel around corners is not essential but it is an added bonus – the person you are talking with does not need to be in a direct line of sight.

23) Answer: (b). Sound conveys a very different form of information than light. As sound travels through the air, the air pressure at a given point will change according to the frequency of sound; the higher the frequency, the higher the perceived pitch. We are sensitive to a range of frequencies from about 30 Hz to about 12 kHz.

24) Answer: (c). Subtle echoes give us clues about the location of objects, even in the absence of vision. Blind people tend to develop this skill to a higher level, using sticks to tap the ground and listen for new echoes. Communication is the other main use for sound, since it is generally easier for animals to produce sound than light.  Speech production and recognition in humans is a spectacularly impressive process, which is crucial to our success as a species. The fact that sound can travel around corners is an added bonus.

25) Answer: (a). Light travels virtually infinitely fast; sound travels more slowly but is still unable to linger in one spot for any length of time. In our efforts to gather useful information about the world out there, we really could use a source of information that sticks around for much longer. This is where the chemical senses – smell and taste – prove useful. Biological systems have developed an ability to detect certain types of molecule that convey information about sources of food, other animals and possible hazards and poisons. To appreciate this information, just watch a dog sniffing for a buried bone – or tracking the path taken by another dog. Here we have a source of information that comes with a level of persistence, a spatial memory of previous events. In humans, the sense of smell seems to be less developed than in other animals. But we do have a well-developed sense of taste.

26) Answer: False. In humans, the sense of smell seems to be less developed than in other animals. But we do have a well-developed sense of taste, which tells us about the chemical composition of the food we eat and warns us of toxins.

27) Answer: False. The somatosenses are senses which we use to explore the world immediately around us – just outside our bodies and also on or within our bodies. Somatosenses respond to: pressure, temperature, vibration, information signaling dangers to our bodies (e.g. cuts and abrasions, corrosive chemicals, extreme heat, electrical discharges), and possible problems inside our bodies.

28) Answers: (b), (c), and (d). The somatosenses are senses which we use to explore the world immediately around us – just outside our bodies and also on or within our bodies. Somatosenses respond to: pressure, temperature, vibration, information signalling dangers to our bodies (e.g. cuts and abrasions, corrosive chemicals, extreme heat, electrical discharges), and possible problems inside our bodies. (But NOT to sound.)

29) Answer: (b). Our skin contains nerve endings which can detect sources of energy. Some parts of our bodies, such as our fingers, have a higher density of nerve endings than other parts, and so fingers and hands are used in active exploration of the world immediately around us. Mostly, this is to corroborate information that is also provided by other senses, such as vision; but of course we can still touch things without seeing them. The sense of touch can be used to give a pretty good image of what an object is, but the information takes time to build up. Also, for the process to work efficiently, we need a memory for things that we have experienced before – in this case, a tactile memory.

30) Answer: (d). The same nerve endings that respond to mechanical pressure and allow tactile exploration also respond to temperature and any substances or events that cause damage to the skin, such as cuts, abrasions, corrosive chemicals or electric shock. The sensation of pain associated with such events usually initiates a response of rapid withdrawal from the thing causing the pain. There are similar nerve endings inside our bodies, which enable us to sense various kinds of ‘warning signals’ from within. An example of this is that dreadful ‘morning-after’ syndrome, comprising headache, stomach ache and all the other cues that try to persuade us to change our lifestyle before we damage ourselves too much!

31) Answer: (c). There are nerve endings inside our bodies, which enable us to sense various warning signals from within. An example of this is that dreadful ‘morning-after’ syndrome, comprising headache, stomachache, and all the other cues that try to persuade us to change our lifestyle before we damage ourselves to much. These nerve endings are part of the somatosensory system, which include cutaneous (skin), kinesthesia (movement) and visceral senses. The visceral somatosenses are what is responsible for your hangover.

32) Answer: (a). The role of our sense organs is to ‘capture’ the various forms of energy that convey information about the external world, and to change it into a form that the brain can handle. This process is called transduction. As a transducer, a sense organ captures energy of a particular kind (e.g. light) and transforms it into energy of another kind – action potentials (the neural system’s code for information). 

33) Answer: (d). Transduction is the process of transforming one type of energy into another kind of energy. Therefore, the eyes transduce electromagnetic radiation (light) into action potentials, our ears transduce the mechanical energy of sound into action potentials, and microphones transduce the mechanical energy of sound into electric potentials in a wire.

34) Answer: (c). We know that light travels in straight lines. It therefore makes sense for a biological transducer of light to preserve information about the direction from which a particular ray of light has come. In fact, this consideration alone accounts for a large swathe of visual evolution. As creatures have become larger and therefore begun to travel further, they have developed an ever greater need to know about things that are far away – so eyes have developed an increasing ability to preserve spatial information from incident light. Where is each ray coming from? To answer this, there must be some means of letting the light strike a particular photoreceptor. This is the name given to the smallest unit that transduces light. If a given photoreceptor always receives light coming from a given direction, then the directional information inherent in light can be preserved.

35) Answer: True. Eyes have developed an increasing ability to preserve spatial information from incident light. In order to accomplish this there must be some means of letting the light strike a particular photoreceptor. This is the name given to the smallest unit that transduces light. If a given photoreceptor always receives light coming from a given direction, then the directional information inherent in light can be preserved.

36) Answer: (b). The simplest way to illustrate light transduction is to make a pinhole camera – a box with a small hole in it. From the geometry of rays traveling in a straight line, it is possible to see that a given place on the rear of the camera will only receive light from one direction. If you make the pinhole bigger to let more light through, the image becomes fuzzy, or blurred, because more than one direction of incident light can land on a given point on the back surface.

37) Answer: True. The lens that refracts light through a small opening onto a back surface that makes up a camera is also the exact same way in which an eye is constructed. Only the hole is called a pupil and the back surface is the retina.

38) Answer: (d). The simplest way to illustrate light transduction is to make a pinhole camera – a box with a small hole in it. One of the drawbacks with a pinhole camera is that the image (the collection of points of light on the back of the box) is very dim, and can only be seen in very bright, sunny conditions. If you make the pinhole bigger to let more light through, the image becomes fuzzy, or blurred. The solution is to place a lens over the now-enlarged hole. The lens refracts (bends) the light so that the sharpness of the image is preserved even if the pinhole is large. Add film and you have a normal camera. The same construction in your head is called an eye.

39) Answer: (b). In human vision, there are two types of photoreceptors, called rods and cones. Rods are cells that only work at low levels of illumination, at night; cones are cells that give us our vision in normal daylight levels of illumination. There is only one kind of rod, but three different kinds of cone, each responding preferentially to a different range of wavelengths of light – the basis of colour vision.

40) Answer: (b). Abu-‘Ali Al-Hasan Ibn Al-Haytham (965-1040) studied the properties of the eye and light at a time when European science was singularly lacking in progress. He is remembered for the discovery that the eye has a lens which forms an image of the visual world on the retina at the back of the eyeball.

41) Answer: (b). In human vision, there are two types of photoreceptors, called rods and cones. Rods are cells that only work at low levels of illumination, at night; cones are cells that give us our vision in normal daylight levels of illumination. There is only one kind of rod, but three different kinds of cone, each responding preferentially to a different range of wavelengths of light – the basis of colour vision.

42) Answer: (b). When a ray of light hits a photoreceptor (a rod or a cone), it sets up a photochemical reaction, which alters the electrical potential inside the photoreceptor. This, in turn, produces a change in the firing rate of the neuron connected to that photoreceptor. There are four types of neuron in the retina – horizontal, bipolar, amacrine and ganglion cells.

43) Answer: (b). There are about 100 million photoreceptors but only about one million neurons in the optic nerve. Nobody really knows why, but the most persuasive argument is that if you made the optic nerve thick, then the eye could not move! How can all the important information be squeezed into these few neurons? The only way is to discard a lot of redundant information.

44) Answer: (b). There are four types of neuron in the retina – horizontal, bipolar, amacrine and ganglion cells. Vertical is not a neuron.

45) Answer: True. There are about 100 million photoreceptors but only about one million neurons in the optic nerve. Nobody really knows why, but the most persuasive argument is that if you made the optic nerve thick, then the eye could not move! How can all the important information be squeezed into these few neurons? The only way is to discard a lot of redundant information.
46) Answer: (d). Each retinal ganglion cell has a receptive field – a particular part of the visual world. If you change the amount of light in this field, you will produce a change in the cell’s activity. A neuron only changes its firing rate when there is an abrupt change in the amount of light falling on the receptive field – for example the boundary between a white object and a dark background. The retina contains many such receptive fields in any one location, so there is a large degree of overlap between them.

47) Answer: (c). Retinal receptive fields are smallest in the area called the fovea, which occupies approximately the central one degree of the visual field. This is the part of the retina that receives light rays from the direction you are looking in. Since a receptive field cannot distinguish between different locations within it, the smaller the receptive field is, the finer the spatial detail that can be resolved. So the fovea is able to resolve the finest detail. To convince yourself of this, try looking at the opposite page out of the corner of your eye and then try to read it. If you cannot do so, it is because the receptive fields in the periphery of your retina are larger and incapable of resolving the small print.

48) Answer: (a). There are about 100 million photoreceptors but only about one million neurons in the optic nerve. How can all the important information be squeezed into these few neurons? The only way is to discard a lot of redundant information. Therefore, the retina signals the points of change in an image (the places where intensity or colour alter) and ignores regions where no changes occur (like a blank uniform surface).

49) Answer: B. Retinal receptive fields are smallest in the area called the fovea, which occupies approximately the central one degree of the visual field. Since a receptive field cannot distinguish between different locations within it, the smaller the receptive field is, the finer the spatial detail that can be resolved. So the fovea is able to resolve the finest detail. To convince yourself of this, try looking at the opposite page out of the corner of your eye and then try to read it. If you cannot do so, it is because the receptive fields in the periphery of your retina are larger and incapable of resolving the small print.

50) Answer: (c). The fovea gives high-acuity vision with densely packed photoreceptors and no retinal blood vessels. Age-related macular degeneration, a common retinal condition affecting elderly people, causes vision loss through loss of photoreceptors and cells supporting the photoreceptors in the central part of the eye.

51) Answer: (b). Thomas Young (1773-1829) was a physicist who postulated that there are only 3 different kinds of photoreceptors in the retina, even though we can distinguish thousands of different colours. The basis of this argument was that to have thousands of different photoreceptors would compromise the acuity of the eye, since the acuity is determined by the distance to the nearest neighbour of the same type. In Young’s days, there was no distinction between the subjects which we now call physics, psychology, and physiology.

52) Answer: (a). Retinal signals from different photoreceptors are combined and organized into excitatory and inhibitory regions. Those regions where light produces more neuronal firing are called excitatory, and those where light stimulation produces less neuronal firing are called inhibitory.

53) Answer: (b). Our eyes are able to move in their sockets, and this allows the visual system to choose new parts of the image to look at. These rapid eye movements, called saccades, occur several times per second. We are mostly unaware of them and, during a saccade, vision is largely ‘switched off’ so that we do not see the world moving rapidly in the opposite direction to the saccade.

54) Answer: (d). The retina can signal temporal changes as well as spatial changes. Temporal changes occur, for example, when there is a flash of lightning or (more usefully) when a tiger suddenly jumps out from behind a tree or moves against a background of long grass, so breaking its camouflage. There are various mechanisms involved in processes of adaptation to static scenes (see chapter 8). Perhaps the best-known form of adaptation occurs when we enter a dark room on a sunny day. At first we cannot see anything, but after a few minutes we begin to notice objects in the room, visible in the faint light there. This phenomenon occurs because our receptors become more sensitive when they are not stimulated for a while, and also because there is a change from cone vision to rod vision.

55) Answer: (a). Studying people with extraocular muscular fibrosis, inability to move the eyes, has shown that there are strong similarities between the ways patterns are scanned. Someone with extraocular muscular fibrosis simply moves their whole head using the neck muscles to see in the same way. This indicates that, even if the eye cannot move the image scan sequence needs to be broadly similar.
56) Answer: (b). Presumably, the eye moves to so many locations in order to resolve fine detail by using the fovea with its small receptive fields. Moving the eyes in this manner is usually associated with a shift of attention.

57) Answer: (c). Selective attention is when we move our eye to a given location; we are more likely to be processing the information from that location in greater detail than information from elsewhere. The process is intimately related to physical action, in this case movement of the eye or head. This implies that vision is not just a passive process, but an active one.

58) Answer: (d). There are two streams of visual information, the ventral and dorsal. The former processes information about the nature of objects. The latter allows you to plan actions without a detailed representation of objects.

59) Answer: True. When we enter a dark room on a sunny day we, at first we cannot see anything, but after a few minutes we begin to notice objects in the room, visible in the faint light there. This phenomenon occurs because our receptors become more sensitive when they are not stimulated for a while, and also because there is a change from cone vision to rod vision.

60) Answers: (a) and (d). In a faint light all objects appear to have no colour, quite unlike our daylight vision. This is because there is only one type of rod but three different types of cone, and the cones have a dual function: they encode the amount of light present, but they also encode colour, since they are maximally sensitive to different wavelengths in the visible spectrum.

61) Answer: (a). In faint light all objects appear to have no colour, quite unlike daylight vision. This is because rods are more sensitive to light change and can continue to make out detail in very limited light, but have only one type of light sensitive pigment. Cones encode the amount of light present as well as encode colour, but do not function well in less intense light.
62) Answer: (b). Suppose you have a cone maximally sensitive to light which has a wavelength of 600 nm. By using an electrode to measure the output of this cone, suppose you find that the cone is producing a ‘medium’ level of output. Can you deduce that the cone is being stimulated by a ‘medium’ amount of light whose wavelength is 600 nm? No – because precisely the same response would arise from stimulation by a larger quantity of light of a slightly different wavelength – say 645 nm. This is because cones do not respond in an ‘all or nothing’ manner to rays of light of a given frequency. Instead, they show a graded response profile.

63) Answer: (b). The outputs of cones must be compared because the output of a single cone cannot unambiguously encode wavelength. Suppose you have a cone maximally sensitive to light which has a wavelength of 565 nm. By using an electrode to measure the output of this cone, suppose you find that the cone is producing a ‘medium’ level of output. Can you deduce that the cone is being stimulated by a ‘medium’ amount of light whose wavelength is 565 nm? No – because precisely the same response would arise from stimulation by a larger quantity of light of a slightly different wavelength – say 600 nm. This is because cones do not respond in an ‘all or nothing’ manner to rays of light of a given frequency. Instead, they show a graded response profile. The output of a single cone is fundamentally ambiguous. For a meaningful colour sensation to arise, we must know how much one cone type responds compared to another cone type. This is achieved through chromatic opponency.

64) Answer: (a). The sensation of colour is achieved through chromatic opponency, a process that also explains why we can see four ‘pure’ colours – red, yellow, green and blue – even though there are only three kinds of cone. The ‘yellow’ sensation arises when ‘red’ and ‘green’ cones receive equal stimulation. Their combined output is then compared to that of the ‘blue’ cones. If L+M (L = red cone in the retina; M = green cone in the retina) is much greater than S (S = blue cone in the retina), we see yellow, and if less, we see blue. If L+M is about the same as S, we see white.

65) Answer: (c). Chromatic opponency is a system of encoding colour information originating in retinal ganglion cells into red-green, yellow-blue, and luminance signals. For example, a red-green neuron will increase its firing rate if stimulated by a red light, and decrease its firing rate if stimulated by a green light.

66) Answer: (b). Parraga, Troscianko and Tolhurst (2002) found that the red–green system is suited to encoding not just the colour properties of images of red fruit on green leaves, but also the spatial properties of such images for a foraging primate. We know that the receptive fields for colour are different from the receptive fields for luminance. Specifically, they lack the ‘centre–surround’ structure that makes the centre effectively as big as the whole receptive field. As a result, we are less sensitive to fine detail in colour than in luminance.

67) Answer: (d). The sensation of colour is achieved through chromatic opponency, a process that also explains why we can see four ‘pure’ colours – red, yellow, green and blue – even though there are only three kinds of cone. The ‘yellow’ sensation arises when ‘red’ and ‘green’ cones receive equal stimulation. Their combined output is then compared to that of the ‘blue’ cones. If L+M (L = red cone in the retina; M = green cone in the retina) is much greater than S (S = blue cone in the retina), we see yellow.

68) Answer: (c). The sensation of colour is achieved through chromatic opponency, a process that also explains why we can see four ‘pure’ colours – red, yellow, green and blue – even though there are only three kinds of cone. If the red cone and green cone is equal to the blue cone then we see white.

69) Answer: (b). We have three different types of cones in the retina. They are sometimes called red, green, and blue cones. More strictly, we refer to these cones as L, M and S cones which refer to the type of wavelength light the cones respond to. L cones respond to long-wavelength light.

70) Answer: False. Parraga, Troscianko and Tolhurst (2002) found that the red–green system is suited to encoding not just the colour properties of images of red fruit on green leaves, but also the spatial properties of such images for a foraging primate.

71) Answer: (c). Studies of motion blindness have shown that both colour perception and form perception are found to be within normal range. However, people with motion blindness can discriminate between a stationary and a moving target in the periphery of the visual field. There is also some movement vision in the central part of the visual field, but this is only observed if the target velocity did not exceed 10 degrees of arc per second.

72) Answer: (d). Motion blindness research has shown that movement perception elicited by acoustic and tactile stimuli is not also impaired. This suggests that there is selectivity with respect to sensory modality of vision and movement perception within this modality. The selectivity of the visual disturbance supports the idea that movement vision is a separate visual function depending on distinctive neural mechanisms.

73) Answer: False. We know that the receptive fields for colour are different from the receptive fields for luminance. Specifically, they lack the ‘centre–surround’ structure that makes the centre effectively as big as the whole receptive field. As a result, we are less sensitive to fine detail in colour than in luminance.

74) Answer: (c). The optic nerve conveys the action potentials generated by the retina to other parts of the brain, principally the primary visual cortex, also known as Area V1, where the information is then analyzed and distributed further to other visual areas.

75) Answer: (b). We know that the receptive fields for colour are different from the receptive fields for luminance, and, as a result, we are less sensitive to fine detail in colour than in luminance. We take advantage of this every time we present something with fine detail, but shoddy colouring that goes ‘over the lines.’ Examples of this are, colour TV, painting photographs with water colours, and forgetting the tape when you paint a window. When you scan a picture into a computer it gives an exact pixel by pixel representation of that picture, and therefore is an improvement to past techniques.

76) Answer: (c). The trick in colour TV is to find a way of transmitting as little information as possible. So only a sharp luminance image is transmitted. The two chrominance (colour) images are transmitted in blurred form, which means that less information needs to be transmitted without a perceived loss of picture quality (Troscianko, 1987). The main consequence of this ‘labour-saving’ trick in the brain is that the optic nerve can contain relatively few neurons. The optic nerve conveys the action potentials generated by the retina to other parts of the brain, principally the primary visual cortex, also known as Area V1, where the information is then analysed and distributed further to other visual areas (see chapter 8).

77) Answer: (b). John Lythgoe studied the relationship between the sense organs and visual apparatus of an animal, and between its surroundings (ecology). His primary area of research was to examine how fishes’ visual systems are affected by living at different depths of water. He found a marked relationship between where fish lived and what their cones were like.

78) Answer: False. Since sound does not travel in straight lines, it is not important to have a particular sound receptor pointing in a unique direction in space in the way photoreceptors do. This has considerably simplified the design of the ear.

79) Answer: (b). The outer part of the ear – the pinna (the visible structure made of skin and cartilage) – routes the sound waves in towards the passage leading to the eardrum (a membrane between the outer and middle ear that vibrates when sound waves reach it). The incoming sound waves then set up mechanical vibrations of the eardrum, which is connected via a system of tiny bones to the oval window of an organ called the cochlea (a coiled structure in the inner ear responsible for transforming mechanical vibration (sound energy) into action potentials in the acoustic nerve). These bones function like a gearbox, transforming the amplitude of the vibration to one which is useable by the cochlea.

80) Answer: (a). The outer part of the ear – the pinna (the visible structure made of skin and cartilage) – routes the sound waves in towards the passage (ear canal) leading to the eardrum (a membrane between the outer and middle ear that vibrates when sound waves reach it). The incoming sound waves then set up mechanical vibrations of the eardrum, which is connected via a system of tiny bones to the oval window of an organ called the cochlea (a coiled structure in the inner ear responsible for transforming mechanical vibration (sound energy) into action potentials in the acoustic nerve).

81) Answer: (d). The cochlea (so called because its structure resembles a snail’s shell) contains a membrane stretched along its length. This is the basilar membrane, and all parts of it are attached to very delicate elongated cells, called hair cells. When a given part of the basilar membrane vibrates, a deformation occurs in the group of hair cells that are attached there. This deformation is the stimulus for the production of action potentials in the neuron attached to the hair cell. The neurons are bundled together and become part of the acoustic nerve, which transmits information to the auditory cortex.

82) Answer: (b). The cochlea (so called because its structure resembles a snail’s shell) contains a membrane stretched along its length. This is the basilar membrane, and all parts of it are attached to very delicate elongated cells, called hair cells. When a given part of the basilar membrane vibrates, a deformation occurs in the group of hair cells that are attached there. This deformation is the stimulus for the production of action potentials in the neuron attached to the hair cell. The neurons are bundled together and become part of the acoustic nerve, which transmits information to the auditory cortex.

83) Answer: (a). The cochlea is a coiled structure in the inner ear that looks like a snail’s shell. The pinna is the structure made of skin and cartilage on the outer part of the ear. The eardrum and basilar membranes are both membranes in different parts of the ear.

84) Answer: (b). The same note played on a violin and trumpet sound different, even though their fundamental frequencies sound the same. This difference in sound quality gives rise to the sensation of timbre. Timbre refers to the complexity of a sound wave.

85) Answer: (c). Vibrations reaching the ear can differ in amplitude and frequency. Different frequencies cause the basilar membrane to vibrate in different places, stimulating different sub-populations of hair cells. For low frequencies, the site of maximal vibration lies further from the oval window of the cochlea than for high frequencies. This is how the cochlea achieves frequency selectivity. The physical amplitude of the incoming wave translates into the sensation of loudness. This is encoded by a combination of (i) increased firing rate in auditory neurons and (ii) a greater number of neurons firing. Although sound is less directional than light, information about direction can be deduced from sound. For low frequencies (up to about 1000 Hz) the time of arrival of each peak of the sound vibration contains directional information. A sound wave coming from the right will reach our right ear about 1 ms before it reaches our left ear, and this 1 ms difference is detected by the auditory system.
86) Answer: (c). Phonemes are the basic building blocks of speech. Each one has a different frequency, and also varies across time. The English contains around 40 different phonemes.

87) Answer: (d). Georg von Bekesy was a Hungarian physiologist whose most famous discovery was that different parts of the basilar membrane in the cochlea are stimulated by different frequencies of sound.

88) Answer: (c). Amblyopia can be explained in terms of a key adaptive function of the brain. Nerve fibres carrying signals to two eyes effectively compete for access to cortical neurons. The brain becomes more responsive to significant inputs at the expense of inactive ones. Essentially, if one eye is not frequently stimulated by visual input, it may become functionally disconnected from the brain.

89) Answer: (b). Strabismus (squint) is a condition in which the two eyes become permanently misaligned. While both eyes maintain their input to the visual cortex, the cortex lacks neurons that combine inputs from the two eyes. This suggests that to establish and maintain cortical connections requires not just activity but correlated activity that occurs when the two eyes are receiving the same stimulus.

90) Answer: (a). The role of the pinna seems to be to route the sound towards the eardrum, but they also produce small echoes, which allow us to distinguish something that is above us from something that is below us.

91) Answer: (c). The amplitude of the sound helps us to distinguish the direction of higher frequencies. This is important because higher frequencies there are too many wave crests per second to distinguish between time differences (as we do for low frequencies).
92) Answer: (b). Horizontal information is given by comparing signals from the two ears. For low frequencies the time of arrival for each peak of the sound vibration contains this information. A sound wave coming from the right will reach our right ear about 1 ms before it reaches our left ear, and this one millisecond difference is detected by the auditory system. This does not work for higher frequencies since there are too many wave crests per second for a 1 ms difference to be meaningful.

93) Answer: True. Horizontal information is given by comparing signals from the two ears. Vertical information is determined by echoes within the pinna.

94) Answer: (a). Different types of chemical molecules interact differently with the taste buds specialized for the five different taste sensations. Salty sensations arise from molecules that ionize when they dissolve in the saliva. Bitter and sweet sensations arise from large non-ionizing molecules. Sour tastes are produced by acids, which ionize to give a positively charged hydrogen ion. The umami taste is produced by specific salts.

95) Answer: (c). We know that information travels to our chemical senses (taste and smell) much more slowly and lingers after the stimulus has gone. Simple logic will therefore suggest that the time-course of the transduction is less critical than for hearing and vision. Gustation (taste) is relatively simple in that it encodes only five dimensions of the stimulus: sourness, sweetness, saltiness, bitterness, and ‘umami’, which is a taste similar to monosodium glutamate. The word ‘umami’ is a Japanese word and concept (whereas ‘Umakai’ is a Japanese formal masculine given name). Olfaction (smell) is shrouded in mystery. We do not understand much about how the receptors in the nose respond to different trigger molecules carried in the air that we breathe. The flavour of a food is conveyed by a combination of its smell and taste.

96) Answer: (b). Different types of chemical molecules interact differently with the taste buds specialized for the five different taste sensations. Salty sensations arise from molecules that ionize when they dissolve in the saliva. Bitter and sweet sensations arise from large non-ionizing molecules. Sour tastes are produced by acids, which ionize to give a positively charged hydrogen ion. The umami taste is produced by specific salts.
97) Answer: (c). Olfaction (smell) is shrouded in mystery. We do not understand much about how the receptors in the nose respond to different trigger molecules carried in the air that we breathe.  It seems a fair assumption that these airborne molecules interact with specific receptors to elicit certain sensations. Unlike other sensations there is a vast array of receptors, possibly up to 1000. Subjectively, smell can elicit certain memories and is notoriously hard to describe verbally.

98) Answer: True. The vestibular system is located in the inner ear, and responds to acceleration and allows us to maintain body posture. Without it we could not walk without staggering. You can see impairment of this system in someone who has consumed too much alcohol.

99) Answer: (d). The somatosenses, which detect things like pressure, vibration and temperature, are normally grouped into the skin senses, the internal senses, and the vestibular senses.

100) Answer: (d). The vestibular system is made up of a part of the inner ear called the semicircular canals, which contain small lumps immersed in a viscous fluid. The lumps are in contact with hair cells and the motion of the lumps in the fluid bends the hair cells and results in neural messages. These neural messages are relayed to the vestibular nuclei in the brainstem.

