
Name _____________________       29 The Senses and Muscle Contraction   Test Date _______
              Study Guide
You must know:  

•  The location and function of several types of sensory receptors.
•  How skeletal muscle contracts.
•  Cellular events that lead to muscle contraction.

We take it for granted that humans experience the world through the five senses-sight, hearing, touch, taste, and smell. Sometimes we 
say that an acutely intuitive individual has a "sixth sense," but in reality we all have a sixth sense, and a seventh, and an eighth. The 
sense of touch is actually a complex of senses-touch, pressure, and temperature. We even have separate sensory receptors for heat and 
cold. Our ears respond not only to sound but also to changes in body position. Additional senses monitor the interior of the body, 
collecting information on blood pressure and the positions of muscles and joints. Other animals possess sensory ranges that we can 
only imagine. A dog is aware of sounds and smells beyond our sensory range. Bees see ultraviolet light; rattlesnakes see infrared. 
Some creatures can even feel the Earth's magnetic field. This chapter is about the senses and how they reveal the world to us.
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1. As you read these words, several different processes occur in your eyes and brain before you understand what the words mean. 
 Match each of these processes (A-F) with its description (L-Q), and number the processes in the order in which they might occur.

  Order   Description
  _____      _____   A. Transduction 
  _____      _____   B. Sensation
  _____      _____   C. Transmission
  _____      _____   D. Perception
  _____      _____   E. Reception 
  _____      _____   F. Adaptation 

  L. Conscious understanding of sensory data
  M. Conversion of a stimulus into electrical signals 
  N. Sending action potentials to the brain
  O. Drop in sensitivity of receptors when stimulated repeatedly 
  P. Awareness of sensory stimuli by the brain 
  Q. Detection of stimuli by sensory cells

2. Label the parts of the vertebrate eye.

Now match each of the following functions with a part of the eye by placing its letter next to the correct label on the diagram.

 A. Carries nerve signals to the brain
 B. Covers the front of the eye but lets light in
 C. Supplies nutrients and oxygen to the lens, iris, and cornea 
 D. Photoreceptor cells here transmit nerve signals to the brain
 E. Regulates the size of the pupil to let more or less light into the eye 
 F. Bends light rays and focuses them on the retina 
 G. Changes the shape of the lens
 H. Photoreceptors are highly concentrated at this center of focus
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3. Indicate below the statements that relate to rods and those that relate to cones by placing check marks in the appropriate column. 
 (Some statements relate to both.)

Rods Cones

1. Come in three types

2. Stimulated by bright light

3. Function in night vision

4. Most numerous in the fovea

5. Located in the back layer of the retina

6. Contain a visual pigment called rhodopsin

7. Can see different colors

8. Stimulus transducers

9. Absent from the fovea

10. Most numerous at the outer edges of the retina

11. Contain pigments called photopsins

12. See only shades of gray

13. Transmit signals to the visual cortex

14. Defective in color blindness

15. Synapse with retinal neurons

16. Most numerous receptors

17. Most sensitive receptors

4. Summarize the effects of light on rod cells and rhodopsin by filling in the following table. 

In the Dark In the Light

Rhodopsin a. b.

cGMP c. d.

Sodium
channels e. f.

Rod-cell
membrane g. h.

Neurotransmitter i. j.

Postsynaptic neurons k. 1.
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5. The ear is a mechanical marvel, catching and amplifying sound waves and transforming them into nerve impulses. As you review 
 the structure and function of the ear, label the following parts on the diagram below: auditory nerve, eardrum, cochlea, oval 
 window, anvil (incus), semicircular canals, inner ear, auditory canal, stirrup (stapes), outer ear, pinna, hammer (malleus), 
 Eustachian tube, and middle ear. Color all structures of the outer ear red, the middle ear yellow, and the inner ear blue.

 Now match each of the following functions with a part of the ear by placing its letter next to the correct label on the diagram.

  A. Its hair cells transduce motion into nerve signals
  B. Equalizes pressure outside and inside eardrum
  C. Other animals, such as dogs and horses, can turn it toward sounds 
  D. Transmits action potentials from ear to brain 
  E. Transmits vibrations to middle-ear bones 
  F. Collects and channels sound waves to eardrum 
  G. Transmits vibrations from eardrum to cochlea 
  H. Function in balance

6. Review the senses (including vision and hearing) by matching each of the phrases on the right with a sensory structure from the list 
 on the left. Some answers are used more than once.

A.  Retina _____ 1. Receptors here detect changes in movement

B.  Semicircular canal _____ 2. Receptors here sense sour, salty, sweet, bitter

C.  Utricle and saccule _____ 3. Chemicals dissolve in mucus and bind to its cilia

D.  Hair cell _____ 4. Site of receptors for hearing

E.  Odor receptor _____ 5. Light receptor of the retina

F.  Taste bud _____ 6. Receptors here sense position of head relative to gravity

G.  Organ of Corti _____ 7. Receptor of hearing

H.  Cone _____ 8. Site of photoreceptors

_____ 9. Balance receptor

_____ 10. Chemoreceptor of the nasal cavity
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6. Many muscles work in opposing pairs to move the skeleton. Each muscle is composed of many muscle fibers. Each fiber contains 
 smaller parts, which are responsible for muscle contraction. Review the contractile machinery of muscle by labeling these parts in 
 the diagram below: biceps muscle, triceps muscle, thin filament, muscle fiber, myofibril, tendon, thick filament, sarcomere, 
 and Z line.

7. Try to visualize the inner workings of a muscle by filling in the blanks below.

  Your new mission is to view contracting muscle cells close up. You step into the Microtron, and a moment later, you are 

 working your way against the current in a small arm vein. Ahead are smaller, thin-walled 1 __________________ that exit from the 
 muscle and join to form the vein. You stay close to the wall and enter the smallest vessel.
  Through the translucent wall of the capillary, you can make out a nearby surface that seems to be made of shiny white ropes. 

 This is the 2 __________________ that connects the end of the biceps to the lower arm bones. Also visible is a smoother, shinier

 cylindrical structure-one of the 3 __________________ that controls contraction of the muscle. Ahead, you see the wrinkled blob 
 of a white blood cell slipping through a gap in the vessel wall, and you follow it into the intercellular fluid. Close up, the nerve you 
 saw a moment ago appears frayed-its neurons branch and rebranch to control every muscle cell. You follow one of the neurons; it 

 branches to about 50 cells. The neuron and the cells it controls make up a 4 __________________-a group of muscle fibers that 

 work together.
  Following one of the axons to its end, you finally arrive at a 5 __________________, where the axon synapses with a muscle 
 cell-called a muscle 6 __________________. You are deep inside the muscle now, so you radio for more light and ask for the 

 subject to tense her arm.
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  Suddenly a cloud of particles sprays from the end of the axon, the membrane of the muscle fiber seems to shimmer, and you 
 are tossed by a surge of pressure into a nearby tangle of connective tissue fibers. She's moving the arm just a little bit, but to you it 

 feels like an earthquake! You contact your colleagues: "Hey, take it easy! Try it again, but gently!" This time you hang on tightly. 
 Again there is a spray of particles-the release of 7 __________________ from the end of the axon, signaling the muscle fiber to 

 contract. When the neurotransmitter molecules contact the muscle fiber membrane, the shimmer you saw before is repeated-an 
 8 __________________  spreading across the cell. Another earthquake, but this time you are ready.

  You grip the membrane of the muscle fiber. It is pocked with numerous openings, where infoldings of the membrane form 
 9 __________________ that carry action potentials deep into the cell. You swim inward, following the action potentials, as the cell 

 continues to receive impulses and contract. You can press your powerful spotlight against the tubule wall and illuminate the inside 
 of the fiber. Inside are numerous 10 __________________, large bundles of parallel protein filaments. Transverse 

 11 __________________ lines, made of protein, separate repeating 12 __________________, the basic contractile units of the 
 muscle fiber. The filaments themselves are of two types: The 13 __________________ filaments look like twisted strings of beads, 

 the beads themselves being globular 14 __________________ molecules. The 15 __________________ filaments are made of 
 elongated 16 __________________ molecules, each with a head that can reach out and pull against the thin filaments.

  You watch the thick and thin filaments 17 __________________ along each other with each volley of nerve impulses. As each 
 action potential travels into the cell via the tubules, you see a cloud of 18 __________________ ions released from storage in the 

 endoplasmic reticulum. These ions quickly attach to the thin filaments, freeing up binding sites for the myosin 
 19 __________________ on the adjacent thick filaments. Meanwhile, the myosin molecules of the thick filaments are writhing like 

 a bundle of worms. Their heads use energy from 20 __________________ molecules to detach from the thin filaments, straighten, 
 attach, and bend, several times per second. The hundreds of myosin heads in one thick filament pull on all the surrounding thin 

 filaments. This creates the pull that causes the thick and thin filaments to slide together, 21 __________________ the sarcomere, 
 and on a larger scale, the muscle fiber.

  The nerve impulses cease. You can see 22 __________________ ions being pumped out of the cytoplasm and back into the 
 23 __________________. As the binding sites on the thin filaments close up, the myosin heads let go, and the muscle stops 

 contracting.
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