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HUMAN BIOLOGICAL SCIENCES STAGE 3

Section Two: Short answer  Please answer in the spaces providedin this booklet.

4
QUESTION31 (16 marks)

An experiment was conducted on the effects of the consumption of different types of fluid and its
effect on urine production. In the experiment one group drank water and another group consumed a
saline solution. Saline solution is a sterile solution of water and salt (normally sodium chloride).
The experiment involved 30 subjects, 15 who consumed one litre of water in a five minute period
and 15 who consumed one litre of the saline solution in the same five minute period. All subjects
were required to stay in a small room maintained at a temperature of 25 °C and were asked to keep
to a minimum the amount of physical activity they performed. Urine production over the three
hours following fluid consumption was recorded for all subjects. The results for each group were
averaged and are presented below.

; Volume of Urine Every 30 minutes After Initial Drink

Time

. (mL)

(minutes) : - '
Water consumption Saline solution consumption
0 24 18
60 50 o 27
§34
90 255 0% 9 36 jol
120 48 || 37 29 i3
150 30 (1{7 34 16S
180 27 (194 24 189
(a) (i) Propose a hypothesis for the experiment. (1 mark)

Df"""’-“i\ Sulohvas Thel art mine Sadiai el FEgulE on a

Jf—vrbﬁu i~ Urine pfh’»tohof\"

(i) Name the control group for this experiment. (1 mark)

Wake consumphon G oup-

(b) (i) There is a major flaw in how the experiment has been designed. How would you
change the procedure to make this experiment a fairer test? (1 mark)

Eifhar = gontrvl how moch Hud /’}lp:. of flad dronv legding inbs wh«"")

02 .
™ T bt st —rrer— bt He—eE—Flued
Heave oM SL.LJ(,J"\ M\ﬂra M ’U
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HUMAN BIOLOGICAL SCIENCES STAGE 3

(i) What are two ways you could improve the reliability of this experiment?

(2 marks)
HAovt moce Then 1§ Gubleks 1A g sy

W e Enpufimends and au/igl reaed 8-
& ha varieyi -
j?/\g,ft.qw e nwmdhe of hpﬁ-{m&a"&l 3”‘7! / ve ol W ¢ SZ‘;:J'; i

At the homeostatic level, what changes in the internal environment as a result of drinking

(©)
1 litre of water? (1 mark)
Dsmcbe prissuce.
sc j-'lb ﬁm‘w / VRINE
(d) -Graph the data in the table on the grid below. fe Tom (5 marks)

Vokumé [RoduceD OVER [0 mmVUTES
A spare grid is provided at the end of this Question/Answer Booklet. If you need to use

it, cross out this attempt.
Torm VoLome of UVAWE froduien AFTPR DAwkiNG (L oF

VAR WS  hraw.ds.

1160 5
- ‘ A/ ¢ I

E ) //‘ el Cu"“)djt\}"\f(..
3
L colvmn -94’*1'“/
S [

| g Ok <!
- 740 | e - i | - — R
> ‘ _ : e
-}
)
>
g
-

249 . )
- 4l SU_MW“
Lot
| | /.———-——""‘"’/
; i |
|Se (0

6o Qo 2o
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e @

(i)

(iii)

Identify the hormone directly involved in the maintenance of water balance in the
body and state the specific part of its target organ that it influences. (2 marks)

Olﬂ'f’lﬁlwr(_h,; Rormeae AD H.
dlf"l convolo fed hc‘?:ule_ cnd ﬁo"‘hb(,lw-\‘ ()Wul"

On the basis of the results of the experiment, the consumption of which fluid, water
or saline, would have triggered the release of the hormone identified in part (d) (i)?
(1 mark)

S

Explain why people suffering dehydration are given either a saline solutjon to drink
or a saline intravenous drip rather than only water. (i mark: )

{Drm“'ﬁﬁ sal nC  rtdwuy vroe  prrdechon

Less ot loss
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QUESTION 32
)

(14 marks)

STAGE 3

The cross-sectional diagram below represents the parts of the brain. Use the table

below to identify the parts labelled A-D and for each part thoroughly describe thc1r

¥ ada” 211

functions.
(8 marks)
LABEL NAME OF FUNCTIONS OF STRUCTURE
STRUCTURE
& CL{‘&Q\/‘JM &pnﬁrng 9 ﬂm&"‘vnal atas — S(...;.md ""M*\'—'tw;;
o Al 1 0rses neAVE tempedits B Snc '
Q((,Lm{ ek - me by Arftac = Jglsn toil vE skl mucele
- — acSocinhan dtos -y piorniel i Aty (¢ tom i
B ﬂﬁufaﬁg m;bﬁ onbti i ﬁl bo
HUP-}’"’\G"’\”\!U% Sach 65  weoks I)hl’ﬂnu) 6,, hv.ru»fi.r(,, pelTs
ot wa,'rmbffklop:e\? , avkmo co-.'m[ol‘ (jiauq P muccley
& L‘?n Boas e cardiac  rixpic e
Medalia —_— _
V’t’\fﬂfﬂ“"v W)'ﬂ' fws Hwﬂf{. Mrf’r&ﬁ-.’
Uf)fmﬁn"‘»- bivhad o] il » énﬁh,,.\ﬁ raft ¢ free of conkrchvn
D - .
Zrvetd 14 TUFfene ACCS ancl
5,0“-\»4 cord. conbras m‘am!‘ma bracks & e bms &
afbfc-hdama brncks  frrm I brame .
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HUMAN BIOLOGICAL SCIENCES STAGE 3

(b) Ataxia is a condition associated with disorders of the central nervous system in which
there is a lack of muscle coordination. In one form of ataxia a person’s muscles are able
to move but their movements are not very smooth.

(i)  In which part of the brain would damage have likely occurred to cause this form of
ataxia? (1 mark)

ar(,bcl (v

(i) Name two other symptoms, apart from being jerky and lacking smoothness of
movement that a person would have if the area answered in part (b)(i) was
damaged. ( ) l (2 marks)

!

~  Abboirm wbn pas{‘ur{, andd faé:lt:q(_q__(i}

(i) Explain why a person with the form of ataxia described above can still move their
muscles even though their movements are not smoothly coordinated. (2 marks)

- kel myusclyy AT wnbmlled bn e certhrom.

IF fhe cecebivm vnd_amr‘ﬁg{ (t Eon ght{ sengd  nevl
l‘hpal% ol wuse e glegldal muscles.

(¢c)  The outer surface of the brain consists of grey matter. Give a common feature of neurons
located in the grey matter. (1 mark)

unm.'a[a?\dh,d
v
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QUESTION 33 (11 marks)

Glucose levels within the bloodstream of a subject tend to fluctuate (or change) during the
course of the day although homeostatic feedback mechanisms try to keep the glucose levels
within narrow limits.

(a) What are daily situations that may result in in each of the following? . (2 marks)

(1) A person’s blood glucose level rising? A6 fl! o el H wéaul\? deede

(i1) A person’s blood glucose level falling? gxbrasw-a o Tn bthiuv mualy

(b) When blood glucose levels begin to rise above optimal, hormonal action occurs to help
bring glucose levels down.

(i) Name the cells that are involved in detecting this rise in blood sugar levels:
' (1 mark)

6@"'“ CL((S in “—Y}/&'{f c (‘ Laa 7 ey Aﬁns

(ii) Name the hormone that is secreted into the blood stream to reduce glucose levels:
(1 mark)

(n g wha

(ii1) Name the process that takes the glucose out of the blood stream and stores it in a
non-soluble form in the liver and muscles: (1 mark)
il

ﬁ/fﬂ/ c:‘;,m)m
b<__——. § PELL I FsseNT A

(¢) During sympathetic stimulation secretion of adrenaline and noradrenaline can
complement the action of the hormone glucagon to quickly raise blood glucose levels.

Name and describe two processes that will raise blood glucose levels in this situation.

m . (4 marks)
Name of Process 1 - Y Crgen [‘1 e}
ol w W

SpﬂlJM(r Conalrs Lon ol n\iqz;.p% (u ﬁluaag(. ((n liver + < ketdebed muc,g)
JJ 7 i
BE SPoT u!v(

Name of Process 2 - ‘&QD }ZOCI&\LS «

EoN\virtvon gg' limu\o Gicidy ¢+ ﬁ-uahr,“{s —~F atﬂﬁo% (p\ Itv‘l-(‘)

el

Description

r— e



HUMAN BIOLOGICAL SCIENCES STAGE 3

(d) Cortisol is a hormone that also plays a regulatory role in blood sugar homeostasis.

(2 marks)
Which gland secretes cortisol? altnal  corfep
—_— i [romofC
What is a major function of cortisol in blood sugar homeostasis? q f/u, Caq tn els-fs ( / o~

c-‘LHC\)ﬂWﬁV\LV‘ ’F") macatran 65 A an 0[’}""""{ ‘(“’"L/tlﬂa(Yﬁrf -
/bremlf«{ow/\ 9\[ -fc«-«"ll'ﬁ ;..119 -pa—Hq acids in aa( ppsg 'f—r;!ut

QUESTION 34 (11 marks)

34.  The diagram below is of equipment that is used in a technique called electrophoresis. This
process can be used to as a means of identifying a person’s DNA.

(a) Explain the role of the gel. (2 marks)
Tt &  dbanhally pormeable  Mlows  mostmd of  DNA frmomik
g ,

R N !

M\Mj]\ ‘Lt' )fw—ﬁ Hem a_ccofvff.\f\-? -[0 sizl .

(b) What is the purpose of the buffer? (1 mark)

ﬁ'”""’“s \/Li&o"ﬂui) corrl ,‘0 ﬂF(,ow 'ﬂm}i}""
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HUMAN BIOLOGICAL SCIENCES | STAGE 3

(c) There appears to be two wires attached to the tray. What are they and how are they
important in this process? a_mark)

Etdvdn - NA,&"HL i« b e ol ke DA s mrujv-lﬁ placed
Ve = tye povhu sk b M i oF b /m,, INA il move b

he tve tad.
(d) Why do the different lengths of DNA move and why they get separated?
(3 marks)
7)“"'l “t vt ond munt towardl P feab 'L"""ML [I)
D b bt Al o leogte (o hepe) (1)
Smeadl -ﬁz?,..(,k MoVl @( (han be-é?a ones . U,)

(e) Refer to the following diagram, which shows the DNA profiles of four whale calves (1.2,
3 and 4) and their possible mothers (5, 6 and 7) and possible fathers (8, 9 and 10):

Whale calves Possible mothers Possible fathers
1 2 3 4 5 6 7 g 9 10
== = =
e o — (35 2 i —
L sy R
== [ re ===
fLe Ry —_— T
=T [T EEEx [
g e e | .
Esm— = s - B
[ EE
e— |—
f=rd [e—=—=1 e
] | P EEEEEL
(i) State how the information in the diagram above can be used to determine the
parents of the whale calves. (2 marks)
if & f H(;Lj. (?H%ff“j r” &z frne DNA From ok, rww". 2 lﬂ’m— wnld L ’{{/ 4
ﬂ Duad P _
ﬂ_ﬁn., if [{!“M( ’(‘"ﬁa‘i +D maled, i-wfh PP /oa.ra-é- 7..;;‘, shovid b LOct&',nj ﬁw
st have MTZ;J G Tl Crrdde: wile [o kbt o7 T *
o ¥ be fs (i) Usethe diagram to identify the individual that is the father of most of the offspring.

e

WA
b ok AT (1 (1 mark)
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QUESTION 35 (19 marks)

Parts (a), (b) and (c) of the question 35 refer to the diagram of a neuron below.

Cell body X Y

(a) Identify the region of the axon labelled as structure X. (1 mark)
Na A gf' Kqﬂ i

(b) State one function of the structure labelled Y. ' (1 mark)

Speed vp nerve tm:’ivl&;": /
/
frvides ﬂfbkohof\?

;nS‘J{'aJ'l(LS ji, DWL"} . herd \,JL-..' -’.;LSF%IJ&- JP .

(c) The arrows drawn along the axon show the direction of a nervous impulse. The impulse
in this neuron would travel via saltatory conduction. Describe how a nervous impulse is
propagated along this type of fibre. (5 marks)

0 Na chgandy open  ancl

o Nat jom rush nho awon

i 'y
] Cwinrst' reversed oF 0[""‘}4—/0"-{’0“‘“"'4‘0\-

Ayacak Sodiwn cheanad o azpc,»
% i i T |
e S’o Iﬁ.(, echon I”W s NS "("’“j Mhe axen

¢ wanp.aﬁ &Wn o Nisde o Reayer A; fic nert.
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(d) The table shows the membrane pofential of an axon at rest and during the different phases
of an action potential. Complete the table by writing in each box whether the sodium ion

(Na") channels and potassium ion (K*) channels are open or closed. (3 marks)
Resting Starting to depolarise Repolarising
Membrane -70 -50 -20
potential/mV
Na" channels in /.13
2 7 hs i
axon membrane Lt i s L. %
K" channels in axon y _
& 1)(1’4"- i € o o] (J'f’"""\f <
membrane

(¢) The diagram below illustrates only some components of the path of a reflex arc:
ALSOC L Ao,

Complete the diagram by drawing the other components that form a reflex are. Label all
the structures of the reflex arc and use an arrow to show the direction of the nerve

impulse. (5“ marks)
(f)  Use the table below to compare the actions of nerves and hormones. (4 marks)
Type of o . "
oH .. Specificity Duration of Action
Communication
- pPNnL vl l-‘\"!'\i-lfc't. § hrdialg
Nerves oals, & Fow ati. (vim — lack  mublconds ‘“L")
loy -vit;(.;)[ )
oAl AorMmene MY
Hormones ok i !’hswc, o oy, — ten [ask weks , Ay oo
Aacey Sq4tinas o
7 )
I}.{ b le "Iu’g
2
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QUESTION 36 ¢ {-gmarks)

(a) The diagram below identifies the location of four endocrine tissues labelled A, B, C and D.
Complete the table below by identifying each endocrine gland, listing one hormone that 1s
secreted from this gland and by giving one principal function of that hormone.

.
§ %‘) ip"J
P
PART | NAME OF ONE HORMONE THAT IS | ONE PRINCIPAL ACTION OF
STRUCTURE SECRETED THIS HORMONE
A | fnioar Mty PSR EH G
mel TS, rmreTr
FRL
7 " Y b Ay
B Ioarl'zr;o? ﬁ‘?‘a:} ] DWF&& — el canl"m{f;nb’ﬁ_ mlic ek n
@i‘i’\d. FrI)PL — g ades /‘m‘;sorﬁﬁ:ﬂ Awn  nephrons
c - .
Aﬂm‘:{ i I%L‘ZMQ,“/ — )
meglotls, Norédf o —+ as swuhrinsmine decag avkonanic Shmu
£ HR | qloncegrecs - -
) -
o Sbepnal Cortfieat Sl 5. s b <A 28
Corliy fdos fuone |

( " marks)

A
. - [ #4
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The two diagrams shown below are general models for the hormonal modes of action.

(b)
3{\ hormone

cell

extracellular

environment
enzymic

reactions

O
messenger . plasma
molecule ..?’/. membrane
nucli,i/ R {I&us
.1;’..
change to
L cell function ‘
model § model T
(i) Which model represents the mode of action for steroid hormones? (1 mark)
Medal S
(2 marks)

(i) Explain two reasons for your answer in part (i) above.

~ The hamene A Qugeag ﬂw\ﬂ,“ Fe lll‘v‘-n‘v Mt by TRan
% atterch ~g b e ortephr ngote B a.u./f\-f' on e celd membrine,

= ﬁhm b b CI\A—.ﬁMV pﬂf&-\ 5:7"/”{::?
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(c¢) The diagram below represents structures of the brain.

Posterior Anterior

(i) Name the structure that is labelled H: (1 mark)

‘1 ‘ ‘-,f}\&i,_; A0S
T

(i1) The structure labelled H controls how the lobe labelled Z functions. Explain how
structure H does this? (2 marks)

. n f‘f‘.ﬂirﬂw:-. holmaneg (Haﬂ/c'f1{.°(:";') whah Ml goun aues b indyng
fum‘--‘xkc\ A I 2 )

vt gmplie riall v Thyr  steahon

- A

(iii) If a surgical cut is made along the line X-Y, then explain what affect will this have
on the functioning of the anterior lobe? (2 marks)

e F.-Dhsﬂ. ba L'r\i Neal

v

(ﬂ g Yeme 76 and F can shll vl e bleod capllares o e {obe

£ M f‘
;'S ML( r/r\f) (7«4— ( / J—’C S*\J f”"'{”{- VA Cu}‘ — hou T . ? Oi“‘
ﬁj;m “”’V’ [ff_ hn'{,u‘f') cannuk PR LY /u’h /zr:] 4 linch

Cc.n
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QUESTION 37 gmarks)

During cell respiration, carbon dioxide is produced as a waste product. If the rate of cell
respiration is increased, carbon dioxide levels in the blood will also increase. The removal of
excess carbon dioxide requires an increase in rate and depth of breathing.

Below is a negative feedback model showing that an increase in breathing rate is required to
remove the excess carbon dioxide.

(a) The feedback loop below is incomplete, as information is missing from the receptors,
modulator and effectors boxes. Complete the feedback loop by writing the appropriate

word/s in the spaces provided. / marks)
STIMULUS RECEPTORS
Central = chemoreceptors in
Increase in carbon dioxide medulla oblongata
levels in the bloodstream ——di ; ;
Peripheral = chemoreceplors in
Porbe aegh and
t i 2 l’ 3 & “)
Carohd aotire ( 20per
NEGATIVE FE ACK
FRB MODULATOR
Decrease in carbon dioxide s o :"'x\]:m-!
levels in the bloodstream '
centre in the
medulia oblongata

. -

RESPONSE EFFECTORS

Increased rate and depth of S U— Die pheam
breathing .

1’: ifi'(' ocked M Xkt

(b) There are two main modes of transmission of messages in the body, nervous or hormonal.
Which of these is stimulating the effectors in the diagram above? (1 mark)

fkj&('l/:) S

(¢)  As the carbon dioxide in the blood increases, there is also a change in the pH of the
blood. How does the pH change? (1 mark)

f'_
Calhen !P(uwr,f.‘!x rlacls wih wele [‘ﬂ*l/txu“-") H ) E—S ﬁﬁ‘ .{.f&‘,(.f(cﬂ.',’i
\ o rd —
(d) Name the chemical (which is not listed in question part (c) above), that plays a minor role
in changing rate and depth of breathing.

Gkb\:]mj‘ k ] ) ‘.> (1 mark)
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QUESTION 38 (9 marks)

The diagram below shows a recombinant DNA technique.

Target DN A

I

1 T —a

T HBI S
Om'-

4y e | I
PEELLTERR NS ENELtLfd

h N
I
.
L
o
—

| -
e

" g@&”“fl““lf ' ;m EEEE E -

Copy 1 l Copy 2
e L Process repeats e M
Hnnnnmn HHN
2y e ity e
(a) What is represented by the components labelled A and B above? (2 marks)
A pf Y \

B fa‘b l’a(*uwt/a/w {T!\ie’% {eahmw»w)
LI | J Y ) /

(b) Two enzymes that are used in biotechnology practice are ‘restriction enzymes’ and ‘DNA
ligase’.

Describe the role of each of these enzymes in the laboratory. (2 marks)

Restriction enzyme: 1avelued i aifing PVE A e Sprapo StapsLnct

UW n MO-"’hb.hmr DVvA wt ptﬁim““‘ cnel ?"“"‘ F ’“b‘:f N

DNA ligase A9 ¢“¢-1~w whwk JVM f hgeo o} INA W cach pitee hag

P/rhsrging /<nuq tody  wives, P dompfiﬂ)k\hﬁ bo cagh offer
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(c) A hiker has become lost in a mountainous area and unfortunately the air temperature has
dropped to around 0°C. The hiker is ill-prepared for this temperature change and is only
wearing shorts and a T shirt.

Identify two physiological responses that would occur to conserve heat and reduce its
loss from the hiker’s body. (2 marks)

7 [ 5. Z .
’i/,ﬁ('(;g:‘yn\',{'r;,'h'm (/[ &';"l'(f.(‘r.zl&g f\) SR—"\ - ;W,(’_ bilvyed .!’fy.,u

1.
o skin [heet flog
2 . . ( nithosgn fvw"] _

5 prloecection W heirs. m o skin - 51‘1;\ for ’“v S A g o
o e sk h ol et ket o by ond uebron

2 d&u’mud Gwm-i'mr i

(d)  Explain in terms of homeostatic control how the kidneys are able to produce
small volumes of urine on a hot day, especially when little water has been drunk.

\

P [/f.-?{, oSm o b ﬂ/;’.ﬂ’\"puf(, %
7

ebeetedd %.\ (('Z,c«f—@ﬁxs) localed 1a [ }7‘7/99% [amurs

—
]

( p
© r{avl(’T ] ? S(&’Z/"p—f‘l (,'F ﬁh!/'i /\’/ mq{i(
Ml{ /‘:'/EV!’./‘{ in ;-u.'.él’( J’F iu(&i-z%r\-f? v F ac DC F
I
blevming  mort  par A \
w 7’\ i~ l:)') (,YP 75?:.: 1 o f W:‘;h‘( F,-UYM z‘-‘r’[ﬂ }erw L/ (3 marks)

& e

Section Three: Extended answer 20% (40 Marks)
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