Name:

Questionson The Nervous System and
Gas Exchange

Directions. The following questions are taken from previous IB Final
Papers on Topics 6.4 (Gas Exchange) and 6.5 (Nerves,
hormones and homeostasis). Answer all questions. This
will serve as a study guide for the next test.

Due Datee  Monday May 7



1 What defines the term@ntilation, gas exchange andcell respiration in mammals?

Ventilation

Gas exchange

Cell respiration

providing fresh air

replacing oxygen with carbon
dioxide in blood in lungs

cellular energy
production from glucose

muscle movement to move
fresh air into alveoli

replacing carbon dioxide with
oxygen in blood in lungs

gases crossing the plasma
membrane of a cell

muscle movement to move
fresh air into alveoli

replacing carbon dioxide with
oxygen in blood in lungs

cellular energy
production from glucose

providing fresh air

replacing oxygen with carbon
dioxide in blood in lungs

gases crossing the plasma
membrane of a cell

(Total 1 mark)

2. Capillaries surround the alveoli in the lungs. Whpair of statements correctly describes the
concentrations of oxygen and carbon dioxide inlahgs?

oo w P

Oxygen

Carbon dioxide

Higher in the capillaries

Higher in the alveoli

Lower in the capillaries

Higher in the alveoli

Lower in the alveoli

Higher in the capillaries

Higher in the alveoli

Higher in the capillaries

(Total 1 mark)

3. What is the role of active transport in the traission of nerve impulses by neurones?

A.

Propagates an action potential by pumping sodama across the membrane out of the

neurone.

Propagates an action potential by pumping sodiiums across the membrane into the

neurone.

Initiates the action potential needed for tl@smission of an impulse by pumping
calcium ions out of the endoplasmic reticulum.

Establishes the resting potential needed fotrdmesmission of an impulse by pumping
sodium and potassium ions across the membrane.

(Total 1 mark)



4, What substance enters the presynaptic neuronglsyimaptic transmission and what substance
leaves it?

A.

B.

A.

B.

O 0w »

Substance entering presynaptic neuron | Substance leaving presynaptic neuron
Neurotransmitter Calcium ions (C%)
Neurotransmitter Sodium ions (N§

Sodium ions (N§ Neurotransmitter
Calcium ions (C#) Neurotransmitter

(Total 1 mark)

What causes a resting potential to develop inusame®

Diffusion of sodium and potassium ions
Active transport of sodium and potassium ions
Active transport of sodium and diffusion of afitte ions

Active transport of potassium and diffusion bfaride ions
(Total 1 mark)

What conditions are necessary for air to be exhfntam the lungs?

Air pressure in the alveoli must become gretitan the air pressure in the mouth.
Air pressure in the alveoli must become lowemtthe air pressure in the mouth.
Air pressure in the alveoli must become the sagihe air pressure in the mouth.

There is no change in the air pressure of theadil or the mouth.
(Total 1 mark)



After depolorization what happens to restore #wing potential?

A.

B.

Sodium channels open and sodium ions diffuseobtiie neuron
Potassium channels open and potassium ionssdiffuo the neuron
Potassium channels open and potassium ionsditiut of the neuron

Sodium channels open and sodium ions diffusetim neuron
(Total 1 mark)

Which of the following changes occur with the drsfeexercise?

A.

B.

Increase in pH of blood
Increase in rate of cellular respiration
Decrease in rate of contraction of the diaphragm

Decrease in carbon dioxide concentration ofibed
(Total 1 mark)

Which of the following is part of the process eiwilation?

A.

B.

Changes in the volume of the thoracic cavity
Exchange of gases across the surface of thelalve
Exchange of gases across the surface of capdlar

Cellular respiration
(Total 1 mark)



10.

11.

12.

The movement of which ion initiates an action ptitd?

A.

B.

Calcium
Magnesium
Sodium

Potassium

Which division describes the central nervous syste

A.

B.

Membrane proteins are critical components of né&smetion.
Which process in nerves doest require a membrane protein?
A.

B.

Peripheral and central
Voluntary and involuntary nerves
Brain and spinal cord

Sensory and motor nerves

Diffusion of neurotransmitter
Active transport of sodium
Propagation of an action potential

Binding of neurotransmitter

(Total 1 mark)

(Total 1 mark)

(Total 1 mark)



13.  Ouitline the organization of the human nervousesyst

(Total 2 marks)

14. The surface area to volume ratio is an importaniable in determining biological structure.

(&) Explain the importance of the surface areaotame ratio as a factor limiting cell size.

2

(b)  Define the ternabsorption.

D

(c) Stateone feature of alveoli that adapts them to gas exchang

D



(d)  Figure 1 below shows a cross-section throughsthall intestine and Figure 2 an
enlarged longitudinal section through a singleusill

Figurel Figure2
[Source: adapted from M Robestsal ., [Source: adapted from Tayleral.,
Advanced Biology, Nelson, 2000, page 185] Biological Science 1

Cambridge University Press, 1997, page 244]

Using these diagrams, outlitieree ways in which the structure of the small intesime
related to its function of absorbing food.

©)
(Total 7 marks)



15. (@) Explain briefly the principle of negative fdxatk in homeostasis.

3)

(b) Draw an arrow on the diagram below to show whergative feedback occurs.

Sweat Glands> Decreased Sweating
DecreasedTemperatur e / Increased
Body - — Response.g.—Skin Arterioles— Decreased Blood Flow— Body

Receptors
Temperature P \ Temperature
Skeletal Muscles> Shivering

1)

(c) State the system used to control the respoinde skin arterioles.

1)
(Total 5 marks)



16. (@) Identify the labelled parts in the followingagram of two neurons.

)
(b)  Explain the roles of calcium ions in the follon activities:
(i)  inthe transmission of nerve impulses;
)
(i)  in skeletal muscle contraction.
)

(Total 6 marks)



17. (@ (i) Define the terrhomeostasis.

)
(i) State whichtwo systems are involved in the control of homeostasis
L e e e e e e e e e e
2T OO O PP
D)
(b) Describe the roles of the kidney in homeostasis
)
(c) Using an example, explain the role of negatexback in homeostasis.
©)

(Total 7 marks)

18. Describe the response of the human body to loereat temperatures.
(Total 4 marks)



19.

20.

21.

Explain the principles of synaptic transmission.
(Total 8 marks)

Explain the need for, and the mechanism of, vatiih of the lungs in humans.
(Total 8 marks)

The sense of taste is normally caused by the Kttion of chemoreceptors in the taste buds of
the tongue. There are four main “tastes”: swedty, daitter and sour. The tongue also has
receptors for temperature. It is known that thésta$ food can vary according to whether it is
cold, warm or hot. Scientists discovered that yustming or cooling parts of the tongue, even
when no food was present, also caused a sensétiaste.

Scientists experimented with a group of peopleeyTdgradually cooled the tips of their tongues
and measured the intensity of the taste felt by @aember of the group. The experiment was
repeated, this time warming the tip of the tondee graphs show the average values for the
group.

Cooling the tongue tip Warming the tongue tip

moderate

//'/‘ weak
A—y |
?é><:: ‘\,/’/’ just
$ - e

l\,\_-_/l detectable
LA— g

35> 2535> 20 35 1535 10 35 526 25 20 30 20 35 20 40

Decrease in temperature from 35 °C Increase in teatype from 20 °C

Taste intensity felt
[ arbitrary units

Key: Salty Bitter Sweet  Sour

[Source: modified from Cruz and Gredtgture (2003)403, page 889]

(&) Identify which taste was felt most strongly wtike tip of the tongue was
(1) COOIBM. .

(i) WAIMEA. ... s
1)



(b) Compare the effects on the tastewéetness, of warming and cooling the tip of the
tongue.

)
(c) Itis important that such experiments use aufadjfpn sample that is representative.
Suggestwo biological criteria the scientists would have usedelect the people to be
tested.
(D)

(d) Explain whether cooling or warming the tip béttongue has the greater effect on the
sensation of taste.

2



The scientists discovered that there were twostyffehemoreceptor in the tongue tip. They
called these A and B. They tested these chemomsepsing solutions of sucrose to find out
the type of taste and the intensity felt. The rssaite shown in the bar chart.

moderate

weak

Taste intensity felt
[ arbitrary units

just detectable

—]

sweet detected sour detected

Key: O A[] B

Compare the effects of sucrose on the A andeBnoreceptors by givingvo similarities
andtwo differences.

(€)

ST 11 =T T

(4)
(Total 10 marks)



10.

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[1]

[1]



11.

12.

13.

14.

the nervous system is divided into the central nervous system/ CNS (brain and spinal
cord) and the peripheral nerve system/ PNS (nerves);

CNS consisting of brain and spinal cord;

PNS consisting of motor and sensory nerves;

sensory neurons carry impulses to the CNS;

motor neurons carry impulses from the CNS;

@

(b)

(©

(d)

Accept any of the above if clearly explained ialzelled
diagram.

asacell grows, volume increases faster than surface area/ surface area :

volume ratio decreases;

the rate of consumption of resources/ nutrients / oxygen is a function of volume;
the rate of production of wastesis afunction of volume;

the rate of exchange of wastes/ nutrients is a function of surface area;

the rates of diffusion are too low relative to cell needs for larger cells; 2 max

absorption is taking up of a substance by the skin / mucous membranes /
digestive tract / cell membranes/ layers of cells/ the bloodstream; 1

large total surface area/ many alveoli;

awall consisting of asingle layer of (flattened) cells;

moist lining;

dense network of capillaries; 1 max

villus intestinal wall has many folds to increase surface area ( : volume ratio);
surface of villus close to blood vessels so materials can easily diffuse;

surface of villus close to lymph vessels so lipids can be easily absorbed;

greater surface arearelated to greater rate of diffusion;

villuswall consists of single layer of cells; 3 max
Do not accept microvilli — not visible in diagrams.

[1]

[1]

[2]

[7]



15.

16.

17.

@

(b)

(©

@

(b)

@

(b)

Award[2 max] for reason.

change in environment is sensed / detected,;

response to bring the system back to normal state/ set point / within limits;

when the normal state reached, the response is stopped;

this prevents over reaction;

internal environment fluctuates around norm / small fluctuations; 3 max

Examples are acceptable only if they support markioints
given above.

Award[1] for an arrow_fronf'increased body temperature” pointing
to “temperature receptors”. 1

(autonomic) nervous system / endocrine 1

I presynaptic neuron / (pre)synaptic knob / bulb / bouton;
[ binding site/ (post synaptic) receptor for (neurotransmitter); 2

(i) (Cay,) diffusesinto presynaptic neuron;
causes vesicles to migrate / move to (presynaptic) membrane;
causes vesicles to fuse with (presynaptic) membrane;
causes / leading to exocytosis / release of neurotransmitter / named
example; 2 max

(ii)  released in muscle cells under nervous stimulation;
bindsto protein / troponin in muscle;
(troponin and) tropomyosin moves away from and uncovers
binding sites;
allows myosin (head) to bind to actin (for contraction);
sarcomere shortens; 2 max

(i)  homeostasis maintains the internal environment at a constant
level / between narrow limits 1

(i)  nervous system and endocrine system 1

Both are required fof1].

hel ps to maintain water balance (of the organism);

by retaining or excreting water;

helps to maintain blood pH;

excretion of urea/ salts/ getsrid of wastes; 2 max

(5]

[6]



18.

19.

20.

(c) ariseinlevel would feedback to decrease production;
aslevels drop to low this would feedback to increase production;
egblood glucose concentration / body temperature; 3

Award[2 max] if example given is inappropriate.
[7]

thermoreceptors/ sensory input
hypothalamus acts as a thermostat;
metabolic rate increases;
shivering / goose bumps/ hairs raising / sweat glands inactive;
vasoconstriction of skin arterioles;
blood flow from extremitiesis reduced / blood flow to internal organsisincreased;
increased activity;
heat is transferred in blood;
[4]

nerve impulse travels to end of presynaptic neuron;

triggers influx of Ca2";
causes synaptic vesicles to fuse with membrane;
release neurotransmitter molecules into synaptic cleft;
(neurotransmitter) crosses/ diffuses across channel;
(neurotransmitter) binds to receptors on next / postsynaptic neuron;
causes ion channels to open on neuron;
egNa" diffuse into postsynaptic neuron;
can inhibit / excite;
by hyperpolarizing / depolarizing;
neurotransmitter degraded;
Ca?" pumped back into the synaptic cleft;
acetylcholine / GABA / dopamine / serotonin / other examples
of neurotransmitter; 8 max
(Plus up tq 2] for quality)
(8]

draws fresh air / oxygen into the lungs;
removal / excretion of CO,;
maintai ns concentration gradient of O, / CO, / respiratory gases,

diaphragm contracts;

(externa) intercostal muscles contract;
increased volume (of thorax / thoracic cavity);
decreasing air pressurein lungs;

air rushesin down air pressure gradient;



21.

converse of the above causes exhalation;

abdominal muscles contract during active exhalation;
elastic recoil of lungs helps exhalation;

(Plus up tg 2] for quality)

(@ (Both answers are required fpt])
cooled: sour;
warmed: swest;

(b)  warming causes a greater sensation of sweetness than cooling;
on warming the sensation of sweethess increases (but) on cooling
the sensation decreases,
on cooling sweetness becomes undetectable (but) on warming it
becomes more detectable;
sensation of sweetness on warming is always "weak" but cooling
itisaways"just detectable”;
neither cooling nor warming causes moderate taste intensity;
(Accept other suitable paired answers based oml#ta in the graph.)

(c) (Two correct answers are required fidq)
age/ gender / ethnic origin / health / sensitivity to taste /
smoker (or non-smoker) / genetic (taster / non-taster) /
drugs (use) / pregnancy;
(not size / weight)

(d) cooling;
because two tastes (sour and salty) detectable (weakly)
compared with only one (sweet) when warmed;
responses to cooling show the greatest changes,

(e) similarities[2 max]
both (A and B) result in sweetness being detected;
both (A and B) result in sourness being detected;
both give a greater sensation of sweethess than sourness;

differenceg2 max]

A (chemoreceptors) give a greater sensation of sweetness than B;
B (chemoreceptors) give a greater sensation of sourness than A;
the difference between sweet and sour taste intensity for

A isgreater than the difference between sweet and sour for B;

8 max

(8]

2 max

4 max
[10]
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