3.

Physics
Question 1

a) A narrow beam of molecules with a range of different speeds passes through a molecular velocity
selector.

The selector comprises two discs rotating in the same direction at the same frequency of
rotation fon a common axis in an evacuated container.

The selector allows molecules with particular speeds to pass through.

path of molecules 4

< d >
Fig. 1.1

The speeds of the molecules, v, entering the selector vary over a very broad range. The
molecules can pass through a very narrow slit on each of the two discs, as shown in Fig. 1.1. The
slit on the right-hand disc is displaced by angle & relative to the slit on the left-hand disc. The
horizontal separation of the discs is d.

(The effects of gravity may be ignored and the speed of a molecule within the container remains
constant.)

(i) Forf = 160 revolutions s™', how long does it take for the discs to rotate through 1.0°?

[2 marks]
ANSWET S saiisivsit - - - - Fmenns 5« - - {STOEL STNREREE - - - - - SEPASIRS B - B e mpmene otn -8 - SWASIEE B« AARANT - - grihe + << = 5+ < mmmge s
........ (i) Rotation in 1 second is 160 x 360° = 57 600° [1 mark]
-------- For 1.0° the time taken, At = 1.7(4) X 1075 s [1 mark]
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4,

(i) 1f6 =30.0°, d =24.0cm and f = 160 revolutions s~', what is the highest speed of a
molecule that will pass through both slits? [3 marks]

ANSWET o e e e e G B e e e e e e e o RS TN BT, « + S SRS« e

(i) 1dea that time of flight = time of rotation by

t=30"xAt=30x1.74%X10"°=52x%x10"*5s

_6_6 _ & _30 1 _ 1t __ -4 ;
Or t= @ Znr 3607 = 360 X o0 — 1020 S = 52x107*s (all equivalent)
[1 mark]

v =

% [1 mark]

0.24
t

"""" _ 0.24

=ty e = 4608msTt =461ms™t =46 x102ms™'  [1 mark]

........ Full marks for the answer.

(iii) When the speeds of the molecules are measured after they have passed through the two
narrow slits, it is found that other molecular speeds are present. Explain why there is more
than one speed in the outgoing beam. [3 marks]

F N 13 Y T

------ (iii) A set of molecules passing through the first slit will have a (full) range of speeds. [1]
Slower ones will arrive at the second slit when it has rotated by 8 + 2 or 8 + 2nx (or
“made one or more extra rotations”) (1]

So there will be a set of discrete speeds in the emerging molecules. (1]
...... [3 marks]
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5.

(iv) For the arrangement described in (ii), calculate the molecular speed, closest to your value
in (i), that will pass through both slits.

[3 marks]
N 13T S P
_______ (iv) Disc must rotate by 360° + 8 or 2n + 6
_ 360430 _ 390 13 1 _ _3
T 360xf  360x160  12x160 1477 ° 6.77 x107" s [1 mark]
also same distance d, v = d

24
~» as before [1 mark]
Hence v =35.(4) ms™?

[1 mark]

Full marks for answer.

v)

Each slit has an angular width of 0.3° either side of its centre, with the centres of the slits
being @ apart. What is the range of speeds (vnax— Vmin) fOr the set of molecules referred to
in (ii) that pass through both slits?

[3 marks]
N 311,
....... - = 3
(V) Vg = 0.24 X 160 x ik 470 ms [1 mark]

_______ Vmin = 0.24 X 160 X 08 = 452ms [1 mark]
"""" Range is 18 m s but rounding errors may result in 450 to 470 ms~li.e 20 ms~?!
....... [1 mark]
_______ Full marks if 29 variation on 460 (or 461} used for the result.
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6.

b) A particle of mass m falls through height % on to a thin disc rotating at a rate f revolutions s The
particle will just fit through a hole in the rotating disc (Fig. 1.2).

(The effects of air resistance may be ignored; take the acceleration due to gravity as

9.81ms™2)
A
i |
v &
[ =]
Fig. 1.2
(i)

The disc is rotating at frequency frevolutions s™ when the particle is released from rest.

Working in degrees, write down an expression for the angle & through which the disc will

have turned by the time the particle reaches it.

= Seons and alsot =

9°=360><fx\/2%
9=2nxfx\/% ]

@3

[Orin radians

© UCLES 2016
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7.

(i) Iff = 20 revolutions s™" and a particle, initially at rest, is released at the moment that the
hole is vertically below it, what is the minimum height (greater than zero) from which the
particle can be dropped so that it will pass through the hole? [2 marks]

N T3 N
. _[2n 1
‘‘‘‘ (ii) t= ) andt = 20 S [1 mark]
..... 9.81
Hence h=_—==12(3)x10"%m [1 mark]
(iii)  An identical disc with a similar hole is fixed to the same axis, but at a distance #'=0.15m
below it. The two holes are aligned. When the particle is released from rest at a height
h = 0.10m above the top disc, it is able to fall through both holes in succession. What is
the minimum frequency of rotation (greater than zero) of both discs which will allow this to
occur? [6 marks]
ANSWET. ..ot
-------- (iii) At the top disc, v? = 2gh [1 mark]
_________ Time t' is the time taken to fall between the two discs, through height h'".
For falling from top to lower disc, we have initial speed v, time t', h".
""""" Then B =t +-gt” [1 mark]
Obtain a quadratic form h' = ,/2ght' + ggt’2 ** alternatives bpkagy [1 mark]
t’z + J7 _ Z_h_’ _ ol T
""""" Solving the quadratic  t’ J7 ’— (h+hn")
_________ m_(\/? x 0.1 F /2% (0.1+0.15) only - sign is physical owtte [1 mark]
t'=0.083s [1 mark]
o this is the time for one full rotation, so f’ == = 12 rotations s~*[1 mark]
""""" ALTERNATIVES o VERLEAF
© UCLES 2016 [Turn over



** two alternatives for obtaining the quadratic

A. Algebraically h+h' = %g(t +t")? [1 mark]
and also h = %gt2 [1 mark]
substituting for h

%gtz +h' = %gt2 + %gt’z + gtt’
To give h' = %gt’2 + gtt'’ [1 mark]

Then solve as above for remaining three marks.

B. From v — t graph shown below

t = \/Z'_h [1 mark]
g

Area of trapezium h = t’%(gt +g(t+t") [1 mark]

! 1 t
Substitute for t h' = gtt' + S gt z [1 mark]

Then solve quadratic as above for remaining three marks.

-
v
hl
h
t t+t t

An average speed argument for (iii): [6 marks]

At the top disc v=,2gh [1 mark]

Atthe lower disc  Vping = +/2g(h + h') [1 mark]

Average speed between discs, v,,, = %(\/Zgh +y2g(h+h)) [1mark]

. , K’ ; h'
Between discs, t' = = 2h'/(\J2gh (1 + ’1 + 7) [1 mark]

24

t' =0.083s [1 mark]

so f'= t—l, = 12 rotations s~! [1 mark]
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9.
Question 2 ?H\/ S [C S
a) Calculate the readings shown on the voltmeter and on ammeters A, and A; in the circuits shown

in Fig. 2.1 (i) and (ii).

(You may assume that the ammeters and voltmeters are ideal and that the cells have negligible
internal resistance.)

3.0V A,
0 (i —(*H
3.0V
|
O~
1.0Q
Fig. 2.1 [5 marks]

N Q1T = SN

a) marks in section a) are either 1 for correct values or 0 for incorrect values

i) V=30V [1 mark]
A=A, =2 =304 [1 mark]
ii) V=30V [1 mark]
A4 = %: 3.0A [1 mark]
Ag =2 =154 [1 mark]

© UCLES 2016 [Turn over



10.

b) In a more realistic model, the 1.5V cell has an internal resistance of 0.10Q and the 3.0V cell also
has an internal resistance of 0.10 Q. Calculate the new readings on the voltmeter and on the
ammeters for the circuits shown in Fig. 2.1 (i) and (ii). [5 marks]

Answer: b) marks in section b) are either 1 for correct values or 0 for incorrect values

i) Total resistance Rr= R+2r = 1.0+2(0.1)=1.2 Q

................................ Therefore Ay = A; =;-=17=254 [1 mark]
- News: sdeeridy .o V=IR=25x10=25V (1 mark]
dbﬁ%‘(ﬂrﬂ\%* ........
Ay r .
(') —a— -1 (I‘)
€ ¢ ]
Al
i1
—J

£= 15V, r=0cw0n

i) 1=2i V=(-Ir)=IR

Therefore ¢ = I(R+<) suchthat [ =4, = =
. ' /(R + g) 29A (2.86A)[1 mark]

V=IR=286x1.0=29V (2.86) [1 mark]
AL _
=3=14(3)A [1 mark]

NB: Students may give 1.5 as the answer for A, by rounding from the previous
answers. They should only receive the mark if the answer givenis 1.4 or 1.43.

¢) The 1.5V and 3.0V cells each store the same amount of energy. In which of the four
arrangements described in a)(i) and (i) and b)(i) and (ii) do the cells take the longest time to
transfer all their energy into heat? Explain your reasoning. [2 marks]

AANISWET . 1 o o et s D SRS o SRS o o5 SRR <8700 BTSN SRR W o o o SR o 00 0 o SIAKEAEY w B AR ERRE (3 o e en ey

c) if each cell has the same amount of energy to start with the cells in b) (i) will last
longer. [1 mark]

Reasoning:

for b(i) the rate at which energy is provided by each cell is P = €I/2 = 3.75W. [For
the other circuits a(i) and a(ii) P = 4.50 W, for b(ii) P = 4.29 W. Therefore because
----- the rate of transfer is the smallest for each cell in b(i) they last the longest.

""" [Alternatively, students may calculate these values using I*R]. [1 mark]

© UCLES 2016



1.

d) A solar cell can be modelled as an ideal cell of 0.50V in series with an internal resistor of 0.10 Q.
We want to operate a fan that consumes 0.96 W of power and requires a potential difference of
2.4V. There are 10 identical solar cells available and all must be used. They are arranged as n
identical parallel sections with each section consisting of N cells in series. How must they be
arranged in the circuit, and what is the current in each solar cell? In both cases explain your

reasoning. [4 marks]
ANSWEE &, i« i » <aiekiaina s S SERUN oo S0 dlTakls 0 0« o S AT 0 00 1 0 VAR SR EIOGTRURNES SRR PR RS aR Ghterea
d) 5 cells in 2 parallel sections (n = 2, N = 5) [1 mark]
[=02A [1 mark]

Method 1 marks: using “guesswork” & reasoning:

Current required by fanis given by P = VI =1 =04 A [1 mark]
Potential difference required is 2.4 V which is at least 5 solar cells in series [1 mark]
OR

Method 2 marks: simultaneous equations:

V =N(e—ir) {e=emf r=internal resistance, V = p.d. required by fan, i = current
in each cell, N = the number of cells in each parallel section.} [1 mark]

I = ni (I = current required by fan, n = the number of parallel sections) and Nn = 10
['2 + V2 mark]

© UCLES 2016 [Turn over



12.

e) A cell with a potential of 1.5V and zero internal resistance is connected to two resistors in
parallel, with values Ry = 1.0Q and R, = 2.0Q), as shown in Fig. 2.2.

(i) Calculate the current through the cell. [2 marks]
1.5V
I
| I
R,=1.0Q
R,=2.0Q
Fig. 2.2
ANSWEE: ... .. . o s suwuitiseess s die SEARETS 5 75 o TSR o o o ¥ie o 6l BHENH o o 0 0 0 GHEEE < E5HEn + « F0H o wIGLE6 016 01058 5.5 Wlnt KWEEHATY w54
e)
-1
) Rge=(1+3) =2/30 [1 mark]
= RL = % X g =9/4A(=2.25A or 2.3 A) to appropriate sig figs. [1 mark]
eff
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13.

(ii) Ifthe 1.5V cell in the circuit shown in Fig. 2.2 is replaced with a 1.5V cell with an internal
resistance r = 0.10Q, how much power is dissipated in R,? [2 marks]

F N 4 13, =)

ii) Realise that the internal resistance adds in series with the effective resistance
from e(i)

1,2 23 _ .
Rerr = TR 0.76 O, therefore the current is now

LV __ 32 _45
I'= Resr (2/3+1/10) 23 20(1.96) A. [1 mark]

Current through R2 = I'/3
therefore power dissipated is P = (I'/3)?R2 = 0.85W [1 mark]

Alternative method:

Could use the potential difference across each of the resistors (¢ — ir) and solve
simultaneous equations. If value is correct full 2 marks if method correct but
value wrong, 1 mark.

© UCLES 2016 [Turn over




14,

(iii) Athird resistor R; = 4.0Q is now added in parallel with the first two resistors with the cell
from e(ii), as shown in Fig. 2.3. Calculate the current through the cell (which has an

internal resistance of 0.10 Q). [2 marks]
1.5V
I
| I
R,=1.0Q
R,=2.0Q
R,=4.0Q
Fig. 2.3
N 4101 DT
iiyR=2+L_% _
iii) R = ik i 0.67 O (0.6710) [1 mark]
_ Vv 32 N
= T 105/47 ~ 2.2 A (2.23 A) [1 mark]
NB:
If students have neglected the internal resistance they should be given 0 marks.
The values without internal resistance are 4/7Q, 2.6A

©UCLES 2016



15.

(iv)  More and more resistors are now added, one by one, in parallel with the existing ones,
each with double the resistance of the previous one. The final circuit consists of resistors
withvalues of 1Q,20,4Q,8Q, 16Q, 320, 64Q, ... connected in parallel with the cell.
Calculate the total current through the cell if the number of resistors is infinite.

[3 marks]

N AT =] R A

iv) Realising that the reciprocal of the effective resistance of the circuit is an infinite
sum of a geometric series such that

Lo_gglyplypo @t

Reﬁ—1+2+4+ =T 2 [1 mark]
_ _ 6/ _

Reosr= 1o+ 1/15 = 8/19 = 060 [1 mark]

_ Vv _3/2 _ _

= 15/6 = 2.54 [1 mark]

NB:

If students have neglected the internal resistance they should be given the
benefit of the doubt in this case as the question is more ambiguous.
------ The values without the internal resistance are

...... Repr = 1/2 [2 marks]
|4

= 3.0A [1 mark]
Resr
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19.

CHEMISTMY

Question 3
Parts a), b) and c¢) can be answered independently of one another.

a) Draw two alternative ‘dot and cross’ diagrams to describe the bonding in the linear thiocyanate
anion SCN". In one diagram place the negative charge on the sulfur, and in the other place the

negative charge on the nitrogen. [6 marks]
Answer:
©, 4 - o .. xe
'S c N: S ex C xe N:
- ) Xe
© ® ©
¢S C N: : S o X N:
o . < ex X® .

Any variant on these (using lines to represent bonds and/or dot/cross pairs) is acceptable. Crucial thing is to
have electron count correct and correct location of lone pairs.

(dqg.‘sned fo be 'easy marks' )

[Turn over
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20.

b) Breakfast cereals frequently have elemental iron added to them as a dietary supplement. A
method for making a quantitative measurement of the amount of iron is to use the reaction

between Fe**(aq) and thiocyanate, SCN™(aq), which gives the deep red complex FeSCN* (aq).

Fe*(ag) + SCN (aq) — FeSCN?*(aq)

The depth of the colour can be measured using a spectrophotometer which gives a value for the
absorbance that is proportional to the concentration of the complex:

absorbance = constant x [FeSCN?*] Equation 1

The constant can be found by measuring the absorbance of a solution of known concentration.

(i) The absorbance of a solution of the complex with concentration 2.5 x 10~* moldm™ was
measured to be 1.85; determine the value of the constant in Equation 1. [2 marks]

ANSWEN: s mrsmivisie « S5 « S riiidanas Jontie. sh sSuaSuasm Jais « SO s e eiuialss o oS o o BER s v e enees

............. it — 1.85 400 mol g | s
O T 25X 10 S T

Units not expected; any reasonable sig. fig. acceptable. ..

1009 of breakfast cereal was mixed with sufficient dilute acid to dissolve all of the iron. The
solution was carefully filtered and mixed with sufficient oxidising agent to convert all of the iron to
Fe*. The solution was made up to a total volume of 250cm?®. 10.0 cm? of this solution was mixed
with 10.0cm? of a solution of thiocyanate; you may assume that all of the iron is converted to the
complex. The absorbance of the resulting solution was measured as 0.519.

(ii) Using the value of the constant found in (i), calculate the concentration of Fe** in the
solution for which the absorbance was measured. [2 marks]

AISWBT . - o e oo e e e e e e e

There are many possible approaches to this: full credit for any valid approach. Full marks for valid approach
and correct answer. Any reasonable sig. fig. for answer acceptable.

0.519

[Fe3*] in the measured solution = 7200~ 7.0135 x 107° mol dm 3
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(ili) Hence calculate the concentration of Fe in the solution prepared from the cereal.
[2 marks]

N -1 = T

[Fe*"] in the 10 cm? portion of the extract is twice this = 1.403 X 10™* mol dm™3; this is the concentration
in the 250 cm?® of extract that was made.

(iv) Hence calculate the mass of iron present in the 100 g of breakfast cereal (A;: Fe = 55.85).
[4 marks]

ANSWEE: roiisiucass v samsns AR SR T e 450 « S5 « ST ST s A ST 0 o e v w ST m w o e 4% v S0 S R e TS

no. of moles in 250 cm3solution with this conc = 1.403 x 10~* x —1205000 =3507x105

convert this to mass of Fe

mass of Fe in 250 cm?solution with this conc = 3.507 x 10~5 X 55.85 = 1. 96 x 103 g

Thisis the mass in 100 g of cereal.

© UCLES 2016 [Turn over



22.

c) Hydrogen peroxide, H,O,, is used as the oxidising agent to convert Fe?* to Fe* in the assay
described in b)(ii).

(i) Determine the oxidation state of oxygen in H,O.. [2 marks]

1=,

““““ Let x be the oxidation state of O, assume oxidation state of H is +1; species is neutral so

...... 2% (41) +2Xx =0

(i) When H,0O; acts as an oxidising agent in acidic solution, what is the oxygen-containing
species that is produced and what is the oxidation state of oxygen in this species?
[4 marks]

ANSWEED cuinvmnrss s coms s S S & e 5ds sl 565188, S 047800 016,05 S RIRIR, TG40 o m RS § S NFaTEsTS s o SEEEMRIN o o8 e v e venas
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23.

(iif)  Write a balanced chemical equation describing the oxidation of Fe**(aq) to Fe**(aq) by

H.O, in acidic solution. [4 marks]
AW BT e e e e e e
(i) 2Fe**(aq) + H202(aq) + 2H*(aq) > 2Fe*(aq) + 2H,0(l)
Looking for charges and atoms to balance; not worried about (aq) etc; H;0O* fine instead of H*. -+ ++--+-

© UCLES 2016 [Turn over
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CHEM S TrRY

GUUC&BMCQ “F"" — wdl-

afup Mav Ke'S o e¢pecheh
The overall scheme is mmm

Q

/Y
A
"z o

/YA PV

no primary

NN
®
l ch, carbocations /\)® /\@)

2 isomers

/\)Br\
4 isomers /\/:()\
/\)\ 2 isomers
Br Br

This page is intentionally left blank for your rough working or notes.
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25.
Question 4

There are six isomers with the formula CsH1 that are alkenes. The alkenes all have different
enthalpies of formation, all of which are negative.

a) Draw the structures of the six alkenes (skeletal or displayed structures are acceptable).
[6 marks]

Answer:

SN
PN
/\)

¢ 3

Other ways of writing out the structures are fine as long as they are clear

® UCLES 2016 [Turn over
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Samples of the six alkenes, in a random order, are labelled P,Q,R,S, T,and U. You will be able to
identify which isomer some of these correspond to using the information and data throughout the rest
of the question.

Alkenes P, Q, and R react with hydrogen gas and a metal catalyst to give the same alkane A; alkenes
S, T, and U react under the same conditions to give a different alkane B.

Both alkanes A and B react with chlorine gas under UV light to form chloroalkanes with the formula
CsH1,CL Under such conditions, alkane A forms four different structural isomers, whereas B gives
three.

b) Draw the structures of alkanes A and B. Also draw the structures of the four isomers arising from
the chlorination of A, and the three isomers arising from the chlorination of B. [6 marks]

Answer:

Realise that there are only two hydrogenation products
/\‘/ N

Chlorination of these gives several products corresponding to putting one Cl onto each distinct carbon

- /W/\ /\l(C |
/\r —_—
\/\r )\( gives 4 isomers

Cl\/\/\
Clp

/\/\\——*)\/\
/\(\

Cl gives 3 isomers
Identifies
/\( /\\/\\
A B

N.8. feasming h Aok (eguested
oY regm‘:eA
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27.
The alkenes react with HBr to form bromoalkanes with the formuta CsH,;Br; the reaction proceeds via
a carbocation intermediate. Alkenes S and T give a mix of two structural isomers, whereas alkene U

gives only one.

c) Give the structure of alkene U. [4 marks]

Answer:

PRV
form. (b)
NI L idenhify
Mhere
/\) grupmys

Lo

P,Q,R S, T,U

The cations arising from S, T, U group are (primary excluded)

N /\/(B\
= /\/@\ NN
NN

ey

Only the first one will give one isomer on subsequent reaction with Br-, identifying

A general rule for isomeric alkenes is that the more carbon atoms directly bonded to the double bond
(or the lower the number of hydrogen atoms directly bonded), the more negative (that is, the more
exothermic) the enthalpy of formation of the alkene.

d) Outof P, Q and R, R has the most negative (most exothermic) enthalpy of formation. Give the
structure of R. [1 mark]

Answer:

Out of P, Q and R, the one with the most carbons attached to the double bond is

R

R has the most negative (most exothermic) enthalpy of formation.
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Consider the following thermodynamic data:

value / kJmol™
standard enthalpy change of hydrogenation for alkene P -113
standard enthalpy change of hydrogenation for alkene Q -119
standard enthalpy change of combustion for alkane A -3528
standard enthalpy change of formation of H,O(l) —286
e) Use the data to deduce the structure of: (i) alkene P; and (ii) alkene Q. [4 marks]

Hydrogenation of both P and Q gives A, we can assess the enthalpies of formation of P and Q by
comparing their enthalpies of hydrogenation.

P/Q+H. > A

AH for this reaction is A.H(hydrogenation) = AsH(A) - AH(P/Q)
hence AH(P/Q) = AH(A) - AH(hydrogenation).

Since AH(hydrogenation) is more negative for Q than for P, - A;H(hydrogenation) is more positive for Q
than for P. It follows that A#H(Q) is larger than AH(P) i.e. AH(Q) is less negative than A:H(P). P therefore
has the more substituted double bond

/\r
P Q

An alternative is to work out A.H for P = Q in the following way

AH(hydrogenation P) = AsH(A) — AsH(P) -113 k) mol™!
AH(hydrogenation Q) = AsH(A) - AH(Q) —119 kJ mol™

subtracting second from first gives

AH(hydrogenation P) — AH(hydrogenation Q) = A#H(Q) - AsH(P) -113 + 119 =6 kl mol™

This is AiH for P - Q. The positive value implies that AsH(P) is more negative than A¢H(Q): P has the more
substituted double bond.
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f) Use the data to calculate the standard enthalpy change of combustion of alkene P.
[4 marks]

CsHio+ H2 = CsHyp AH, = -113

---- CsHix + 80; > 5C0; + 6H,0 AH; = -3528

H,O = H, + %0, AH3; =+286

Adding all three gives

_______ CsHio + (7/2)02 = 5CO; + 5H20 AH = AH; + AH, + AH§= -113 -3528 +286 = -3355 k) mol™?

© UCLES 2016 [Turn over



31.

Biology
Question 5

EcoRl is a restriction enzyme that cuts bacterial DNA into pieces at specific sequences.

a) What type of biological molecule is EcoRI? [1 mark]

¢) EcoRI cuts at specific sites in the DNA, characterised by the sequence GAATTC. Other
restriction enzymes cut at specific sequences like GGATCC or AGCT. What characteristic do
these sequences have in common and how might this characteristic aid in cutting?
[3 marks]

ANSWET. L.ttt et e e e
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e) We can use different restriction enzymes to cut DNA at different sites. Another restriction enzyme
is BamHI. By studying the fragments produced by different combinations of restriction enzymes
we can produce a map of the cutting sites of these enzymes.

Use the data in the table below to produce a map of the cutting sites of restriction enzymes. This
map should be drawn onto a circle of bacterial plasmid DNA, the total length of which is 18 kb.

Distances between the cut sites should be identified. [4 marks]
enzyme used fragment sizes produced / kb
EcoRI alone 6, 12
BamHI alone ’ 7.5, 10.5
EcoRI and BamHI together 3, 3,45 75
Answer:
EcoR1

3kb

4 .5kb
BamH1

3kb

BamH1

EcoR1

7.5kb

1 mark for drawing a circle with cuts

1 mark for identifying correct number of cuts

1 mark for correct labelling

1 mark for correct diagram (although the one above could be
mirrored)
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f) Suggest how enzymes like EcoRI could be used in genetic engineering. [3 marks]

AN T3 =

......................................................................................................................
.....................................................................................................................

.....................................................................................................

........................................................................................................................

........................................................................................................................
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g) EcoRlis produced by bacteria that often live harmlessly inside the human body. Explain how
temperature and pH might affect the activity of EcoRI in bacterial cells, using diagrams if
necessary. {12 marks]

..................................................................................................................
.................................................................................................................
..............................................................................................................
...................................................................................................................
......................................................................................................................

...............................................................................

................................................................

increasing

changing rates of reaction ety

.............................................................................

................................................................. oplimum
temperature

1 1 1 I 1
.................................................................. G 10 20 30 37 SO 60 F0 csvescoenesnn
temperature (9C)

..................................................................................

PH !

. ) 1 1] ; ) T
-------------------------------------------------------------------------- 4 s 6 7 8 g 10 11 )
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........................................................................................................................
........................................................................................................................
........................................................................................................................
.......................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................

........................................................................................................................
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Below are images of three species of organism, all of which are vermiform (worm-like) in appearance.

Question 6

1cm
B
100 um
C
1um
a) What is the approximate length of each species in mm? [3 marks]

b) What type of microscope has been used to produce the images of organisms B and C?
[2 marks]

© UCLES 2016 [Turn over



38.

c¢) For organism A, treating it as a tube, estimate the surface area:volume ratio, working in mm.
Show your working. [4 marks]

AT W, . e e

..................................................................................................................
.....................................................................................................................
........................................................................................................................
.......................................................................................................................
........................................................................................................................
........................................................................................................................
.......................................................................................................................

........................................................................................................................

The student needs to use an approximation and treat the organism as an easily quantifiable
object, ie a cylinder. However, the answer can vary depending on the level of approach used.

Finest level: the student will try to answer in a general mathematical way as below:
The worm is a cylinder, L = height of the cylinder and R = is the radius

The volume (V) will be 2> V=L rt R?

The surface area (S) will be 2 S =L 2nR + 2nR?

Because in this organism/cylinder L >> R we can ignore 21tR? and say that S = L2nR
Then the ratio S over Vis = S/V = L2nR/ L T R?= 2/R

So the solution is 2/R

Other approach: The student may approach the problem in the correct way — i.e. use the
approximation of the worm being a cylinder — and calculate the S over V ratio using the formulae
of V and S and coming up with a number. Of course, the numerical value will change depending
on the estimate they give for L and R (according to the reference bar provided). When giving the
numerical value it is important the student recognises that the ratio S over V has the dimension
of cm™ (or mm™, depending on the unit they use). So 1.5 of the answer is correct only if they
express the values in mm.
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d) How will the surface area:volume ratio differ between the three organisms? [2 marks]

F g

e) ldentify four substances that organism A may need to exchange with the external environment.
[2 marks]

ANSWET i it i e aTmiiie oo o e G B e o EEAL « o o SRR RRAOATT » v o » ST o T2 BT e e i
2 mark for each of:
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This page is intentionally left blank for your rough working or notes.
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f) Discuss how the size of organisms affects their ease of exchange of substances with the
external environment. You should highlight at least two adaptations that help overcome the
constraints of size. [12 marks]

.......................................................................................................................

.......................................................................................................................

.......................................................................................................................

........................................................................................................................

........................................................................................................................

........................................................................................................................

........................................................................................................................

........................................................................................................................

........................................................................................................................

........................................................................................................................

.......................................................................................................................

........................................................................................................................

........................................................................................................................

......................................................................................................................

...................................................................................................................

Note that for this section, sample scripts will be circulated by Friday

............................................... A R L T T T e

........................................................................................................................
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