
NSAA Section 2 2016 - Question 1

NSAA 2016 Section 2 - Question 1 a(i) - Worked Solution

Frequency = 160 revolutions per second Therefore, rotation in 1 second = 360 degrees x 160 = 57600
degrees So, for 1 degree, time is 1/57600 = 1.7 x 10^-5 s
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NSAA 2016 Section 2 - Question 1 a(ii) - Worked Solution

The time of flight of the molecule must be equal to the time taken for the disc to rotate by theta
degrees. Therefore, for theta = 30 degrees, time taken = 30 x 1.7 x10^-5 = 5.2 x 10^-4s. Speed =
distance/ time, so for the distance being 24cm, v = 0.24/5.2 x 10^-4 = 460.8m/s
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NSAA 2016 Section 2 - Question 1 a(iii) - Worked Solution

Words to the effect of: the molecules may pass through the second slit after any number of rotations.
Slower moving molecules may pass through the second slit after it has rotated by theta + (n x 360
degrees). Therefore, there will be a discrete set of speeds at which molecules may pass through the
second slit.
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NSAA 2016 Section 2 - Question 1 a(iv) - Worked Solution

For an extra rotation, i.e. the second disc has rotated 360 + 30 = 390 degrees.
The time taken for the molecule to travel will then be 390/ (360 x 160) = 6.77 x 10 ^-3s
Distance is still 24cm so v = 0.24/6.77x10^-3 = 35.4m/s
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NSAA 2016 Section 2 - Question 1 a(v) - Worked Solution

Angular width of 0.3 degrees either side on both slits means that the maximum speed comes from a
molecule which passes through the second slit when theta = 29.4 degrees, and the minimum from
theta = 30.6 degrees.
Therefore vmax = 0.24 x 160 x 360/29.4 = 470m/s
And vmin = 0.24 x 160 x 360/30.6 = 452m/s
Range = 470-452 = 18m/s
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NSAA 2016 Section 2 - Question 1 b(i) - Worked Solution

The time passed will be equal to the angle theta/ (360 x f), and also equal to sqrt(2h/g).
Therefore, theta = 360 x f x sqrt(2h/g)
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NSAA 2016 Section 2 - Question 1 b(ii) - Worked Solution

As above, t = sqrt(2h/g) (from s = ut + 0.5at^2, where u = 0, s = h, a = g).
t also equals 1/frequency = 1/20, therefore sqrt(2h/g) = 1/20, so h = 1.23 x 10^-2m

8

http://www.oxbridgemind.co.uk


NSAA 2016 Section 2 - Question 1 b(iii) - Worked Solution

There are quite a few ways to answer this question, including algebraically and graphically. Here is
one way:

At the top disc, the speed of the particle squared is 2gh.

If the time taken to travel between the two discs (distance h’) is t’,

h’ = vt’ + 0.5gt’^2

Substitute for v to give the quadratic:
h’ = sqrt(2gh) t’ + 0.5gt’^2

Rearrange giving: t’^2 + sqrt (8h/g) t’ – 2h’/g = 0

Solve using the quadratic formula to give t’ = (-1/sqrt9.81)(sqrt(2 x 0.1) minus/plus sqrt(2 x (0.1 +
0.15)))

Only one answer physically possible gives t’ = 0.083s and f = 1/t’ = 12 rotations/s
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NSAA Section 2 2016 - Question 2

NSAA 2016 Section 2 - Question 2 (a) - Worked Solution

Circuit (i):

Two 1.5V cells in series = 1.5 + 1.5 = 3.0V total in circuit

The two currents are identical, so using V = IR:

I = V/R = 3.0/1.0 = 3.0A

Circuit (ii):

Total voltage in the circuit = two 3.0V cells in parallel gives 3.0V total

A1 is as in circuit (i), as this ammeter is in series with the other components: V/R = 3.0/1.0 = 3.0A

A2 is different as current splits at junctions. The resistance of each side of the parallel part of the
circuit is the same, therefore the current A1 splits equally so A2 = A1/2 = 1.5A
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NSAA 2016 Section 2 - Question 2 (b) - Worked Solution

Adding internal resistance means that a cell can be treated as having a small resistor in series with it.

For circuit (i):

Total resistance in the circuit now = 1.0 + 2(0.1) = 1.2 Ohms
EMF = 3.0V, so A1 = A2 = EMF/Rtotal = 3.0/1.2 = 2.5A
Voltage on voltmeter is no longer 3.0V due to the added resistance so V = IR = 2.5 x 1.0 = 2.5V

For circuit (ii):

V = (E – Ir) = IR
So, EMF = I(R + r/2) so I = A1 = EMF/(R + r/2) = 2.86A (EMF = 3.0V as before)

V = IR = 2.86 x 1.0 = 2.9V
A2 = A1/2 = 1.43V
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NSAA 2016 Section 2 - Question 2 (c) - Worked Solution

The cells in b(i) will last the longest if all of the cells have the same amount of energy. Rate of energy
provided by each cell in b(i) = P = EI/2 = 3.75W. a(i) and a(ii) have P = 4.50W and b(ii) has P =
4.29W. Therefore, smallest rate of transfer = smallest power = b(i).
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NSAA 2016 Section 2 - Question 2 (d) - Worked Solution
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NSAA 2016 Section 2 - Question 2 e (i) - Worked Solution

Reff = 1/(1/1.0 + ½) = 2/3 Ohms
I = V/Reff = 1.5/(2/3) = 2.3A
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NSAA 2016 Section 2 - Question 2 e (ii) - Worked Solution

Reff’ = 0.1 + 2/3 = 0.76 Ohms
So the new current is V/Reff’ = 1.5/0.76 = 1.96A
Current through R2 is I/3 which can be substituted into the equation for power = (I/3)^2R = 0.85W (R
in this equation is the resistance of R2)
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NSAA 2016 Section 2 - Question 2 e (iii) - Worked Solution

Total resistance = 0.1 + 1/(1/1 + ½ + ¼) = 0.67 Ohms
I = V/R = 1.5/0.67 = 2.2A
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NSAA 2016 Section 2 - Question 2 e (iv) - Worked Solution

The reciprocal of the effective resistance of the circuit is an infinite sum of a geometric series:

1/Reff = 1 + ½ + ¼ + … = a/1-r = 1/(1 – ½) = 2

Including the internal resistance as well: R = ½ + 1/10 = 6/10 = 0.6 Ohms

I = V/R = 1.5/0.6 = 2.5A
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NSAA Section 2 2016 - Question 3

NSAA 2016 Section 2 - Question 3 (a)  - Worked Solution

Two diagrams to be given here:

Firstly, if the negative charge is on sulphur, there is a single bond (one dot/cross pair) between the
carbon and the sulphur and a triple bond (three dot/cross pairs) between carbon and nitrogen.
Sulphur has three lone pairs and nitrogen has one.

If the negative charge is on nitrogen, there are double bonds (two dot/cross pairs) between both
nitrogen and carbon and sulphur and carbon. There are two lone pairs on nitrogen and two lone pairs
on sulphur.
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NSAA 2016 Section 2 – Question 3 b (i)  - Worked Solution

constant = absorbance / concentration = 1.85/ 2.5x10^-4 = 7400 (no units required but they are
mol^-1 dm^3)
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NSAA 2016 Section 2 – Question 3 b (ii)  - Worked Solution

concentration of Fe^3+ = 0.519/7400 = 7.01 x 10^-5 moldm^-3

20

http://www.oxbridgemind.co.uk


NSAA 2016 Section 2 – Question 3 b (iii)  - Worked Solution

concentration in the 10mL portion of the extract is two times that calculated in part (ii) = 1.403 x 10^-4
moldm^-3 since that had been mixed with 10mL of thiocyanate. This is equal to the concentration of
the 250mL sample since it was a sample from there.

21

http://www.oxbridgemind.co.uk


NSAA 2016 Section 2 – Question 3 b (iv)  - Worked Solution

to work out the amount in 100g of the cereal therefore:

moles in 250cm^3 = 1.403 x 10^-4 x (250/1000) = 3.507 x 10^-5

mass of Fe therefore = 3.507 x 10^-5 x 55.85 = 1.96 x 10^-3 g
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NSAA 2016 Section 2 – Question 3 c (i)  - Worked Solution

Species is neutral, so assuming oxidation state of hydrogen is +1:

2 x +1 = +2. Therefore total of two oxygens is -2, so each oxygen is -1.
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NSAA 2016 Section 2 – Question 3 c (ii)  - Worked Solution

Hydrogen peroxide is reduced to water. The oxidation state of oxygen in water is -2.
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NSAA 2016 Section 2 – Question 3 c (iii)  - Worked Solution

Write the two half equations first:

Fe2+ = Fe3+ + e

H2O2 + 2H+ + 2e = 2H2O

Multiply Fe equation by 2 to have same number of electrons in both and then combine equations:

H2O2 + 2H+ + 2e + 2Fe2+= 2H2O + 2Fe3+ + 2e

Cancel electrons:

H2O2(aq) + 2H+(aq) + 2Fe2+(aq) = 2H2O(l) + 2Fe3+(aq)
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NSAA Section 2 2016 - Question 4

NSAA 2016 Section 2 – Question 4 (a)  - Worked Solution

Six alkenes are:
- 3-methylbut-1-ene
- 2-methylbut-1-ene
- 2-methylbut-2-ene
- Pent-1-ene
- E-pent-2-ene
- Z-pent-2-ene
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NSAA 2016 Section 2 – Question 4 (b)  - Worked Solution

There is no reasoning required in the answer to this question, only the isomers.

The two alkane isomers which can be formed are pentane and 2-methylbutane.

The chlorination of pentane gives three isomers: 1-chloropentane, 2-chloropentane and
3-chloropentane.

The chlorination of 2-methylbutane gives four isomers: 1-chloro-2-methylbutane,
2-chloro-2-methylbutane, 1-chloro-3-methylbutane and 3-chloro-2-methylbutane.

This means that with 3 possible isomers from chlorination, alkane B must be pentane and alkane A
(with 4 possible isomers from chlorination) must be 2-methylbutane.
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NSAA 2016 Section 2 – Question 4 (c)  - Worked Solution

S, T and U give alkane B, so must be pent-1-ene, E-pent-2-ene and Z-pent-2-ene. This then requires
you to think about the carbocations which would form during the addition reaction; the two pent-2-ene
stereoisomers would form 2 different secondary carbocations for the two structural isomers, whereas
pent-1-ene would either form a secondary carbocation or a primary one, which won’t happen.
Therefore, only the isomer which would form from the secondary carbocation would be seen, so the
answer is pent-1-ene. (draw out the possible structures in your answer).
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NSAA 2016 Section 2 – Question 4 (d)  - Worked Solution

R is 2-methylbut-2-ene.
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NSAA 2016 Section 2 – Question 4 (e)  - Worked Solution

Hydrogenation of P and Q will both give A. Therefore, enthalpy of formation of P and Q can be
compared by comparing their enthalpies of hydrogenation.

P + H2 = A and Q + H2 = A

deltaH (hydrogenation) for these reactions is = deltafH (A) – deltafH (P or Q)

So, deltafH (P or Q) = deltafH (A) – deltaH(hydrogenation)

Since hydrogenation enthalpy is more negative for Q than for P, -deltaH (hydrogenation) is more
positive for Q than for P, so deltafH is larger for Q (Q is less negative), so P has the more substituted
double bond; P is 2-methylbut-1-ene and Q is 3-methylbut-1-ene.
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NSAA 2016 Section 2 – Question 4 (f)  - Worked Solution

Write out equations:

Enthalpy of hydrogenation of P = -113:
C5H10 + H2 = C5H12

Enthalpy of combustion of resulting alkane A = -3528:
C5H12 + 8O2 = 5CO2 + 6H2O

Reverse the enthalpy of formation of water = +286:
H2O = H2 + 0.5O2

Adding all three together gives:
C5H10 + 3.5O2 = 5CO2 + 5H2O

DeltaH for this is -113 – 3528 + 286 = -3355 kJ/mol
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NSAA Section 2 2016 - Question 5

NSAA 2016 Section 2 – Question 5 (a)  - Worked Solution

Answer: Protein

EcoRI is an enzyme and thus is a protein
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NSAA 2016 Section 2 – Question 5 (b)  - Worked Solution

Answer: Phosphodiester bonds

Nucleotides in a DNA are linked by sugar-phosphate bonds, called phosphodiester bonds.

33

http://www.oxbridgemind.co.uk


NSAA 2016 Section 2 – Question 5 (c)  - Worked Solution

(1) These sequences are pallindromic.
(2) So reading from the 5' to 3' end of one sequence (ex. GAATTC) would be the same as reading the
opposite of the 3' to 5' end of the sequence (i.e. for GAATTC would be CTTAAG).
(3) This allows the restriction enzymes to make cuts on both strands of the DNA at the same time,
leaving 'sticky ends'.
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NSAA 2016 Section 2 – Question 5 (d)  - Worked Solution

Restriction enzymes in a bacteria help cut up invading viruses for defence.
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NSAA 2016 Section 2 – Question 5 (e)  - Worked Solution
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NSAA 2016 Section 2 – Question 5 (f)  - Worked Solution

(1) EcoRI is a type of restriction enzyme. These can be used to cut plasmids, allowing us to
introduce human genes into the plasmid
(2) The plasmid can then be transferred into a bacterium, and the bacterium grown in a
culture The bacteria will then transcribe and translate the human gene introduced, and
produce the desired proteins.
(3) An example of this would be producing insulin (for diabetes)

37

http://www.oxbridgemind.co.uk


NSAA 2016 Section 2 – Question 5 (g)  - Worked Solution

NB: EcoRI is a restriction enzyme, and thus a protein.

Temperature

(1) Increasing temperatures initially increase the kinetic energy of the enzyme EcoRI, and increases
the frequency of the enzyme-substrate complexes. This results in a higher activity of EcoRI.
(2) Eventually, increasing the temperature beyond a point (ex. above 37 *C in the human body) would
denature the enzyme, as the bonds keeping the enzyme in shape would be disrupted. The active site
of the EcoRI would no longer be able to bind to the substrate, and fewer enzyme-substrate complexes
would form. This would reduce the activity of the EcoRI.
(3) Therefore, a bell curve is observed. The optimum pH would be around 37 *C.

pH
(1) At a low and high pH, the high concentration of H+ and OH- respectively interfere with the bonding
within the enzyme. This can impact the secondary and tertiary structure of the enzyme, and thus alter
the shape of the active site.
(2) At a neutral pH (around 7), the enzyme will be working at it's fastest (the optimum pH).
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NSAA Section 2 2016 - Question 6

NSAA 2016 Section 2 – Question 6 (a)  - Worked Solution

A: 60mm +/-15 mm
B: 0.6 mm +/- 0.15mm
C: 0.005mm +/- 0.0015mm
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NSAA 2016 Section 2 – Question 6 (b)  - Worked Solution

Work out this question using both the size of the organism and how the image appears
B: light microscope
C: Electron microscope (TEM)
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NSAA 2016 Section 2 – Question 6 (c)  - Worked Solution

Treat as a cylinder

Surface area of a cylinder = 2πrh+2πr^2
Volume of a cylinder = πr^2h

Because the lenght of the worm (h) is much greater than its width (and r), and because we are
estimating, we can ignore 2πr^2
S = 2πrh

S/V = 2πrh / πr^2h
= 2/r

You could also estimate the radius of the worm using the reference bar provided to give an answer
between 1 mm^-1 and 2mm^1
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NSAA 2016 Section 2 – Question 6 (d)  - Worked Solution

Surface area: volume ratio will decrease as the size of the organism increases
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NSAA 2016 Section 2 – Question 6 (e)  - Worked Solution

Any four of the following:
Oxygen
CO2
Urea
Glucose
Water
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NSAA 2016 Section 2 – Question 6 (f)  - Worked Solution

Having a larger surface area: volume allows an organism to exchange substances more easily with its
environment.
As the size of an organism increases, the surface area: volume decreases

Many larger organisms have adaptatios to increase the exchange surface areas to allow more
effecient exchange
An example of this are the gills of a fish, which are used to extract oxygen from the water
They are adapted to do this effectively by:
Being highly folded, giving a larger surface area. The gill filaments have gill lamellae to further
increase surface area
using a counter-current exchange system, where the blood of the fish and water are flowing in
opposite directions. This maximises the amount of oxygen that is able to diffuse into the blood by
maintaining the concentration gradient for passive diffusion.

Conversely, a large SA:volume may cause issues, e.g. dehydration
For example, cacti have spines instead of leaves to reduce the SA: voluime to reduce water loss
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