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NSAA Section 2 2018 - Question P1

NSAA 2018 Section 2 - Question P1 (a) - Worked Solution

Statements to be included are:
- The speed of the ball is zero at the start (at t0)
- Therefore, the gradient of the line is zero (line is flat)
- Between t0 and t1: the ball is accelerating
- Therefore, the gradient of the line is always changing/the gradient is not constant
- (the gradient of the line tells us about the velocity of the ball)
- Between t1 and t2: the ball reached its terminal velocity
- Therefore, the gradient is constant; there is no resultant force on the ball
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NSAA 2018 Section 2 - Question P1 (b) - Worked Solution

Using Newton’s second law (as told to in the question):
ag – Fd = ma
a = g – Fd/m
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NSAA 2018 Section 2 - Question P1 (c) - Worked Solution

Terminal velocity implies that the acceleration is zero (a = 0) so the above expression simplifies to
Fd = mg
So (pi/4)r^2 rho (vt)^2 = mg
Rearrange for vt as the subject = (2/r)sqrt(mg/pirho)
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NSAA 2018 Section 2 - Question P1 (d) - Worked Solution

Substitute values into equation for vt above.
Convert 25g and 25cm into kg and m respectively.
Answer = 2.04m/s
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NSAA 2018 Section 2 - Question P1 (e) - Worked Solution

Speed against time graph drawn which is initially increasing at constant gradient (gradient = g at t0)
then curves to level off at the terminal velocity. The statements to be made about relating the
acceleration of the ball to the gradient include:
- The horizontal line (gradient = 0) means acceleration is zero
- Label vt on the graph
- The initial acceleration (at t0) is g
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NSAA 2018 Section 2 - Question P1 (f) - Worked Solution

Firstly, recognize that if the speed is 99% of its terminal speed, the (v/vt) can be substituted for 0.99:
(0.99)^2 = (1 – 10^(-cy/m))
Take logs of both sides:
Log(0.99^2) = log(1 – 10^(-cy/m)) = log(1)/log(10^(-cy/m)) = log(1)/(-cy/m)
Rearranging and using log rules gives:
-cy/m = log (1 – 0.99^2)
Sub for c and m to get y = 0.83m or 83cm

http://www.oxbridgemind.co.uk


8

NSAA Section 2 2018 - Question P2

NSAA 2018 Section 2 - Question P2 (a) - Worked Solution

(a) (i)
The question states that the potential difference across the LED is always 1.4V and the 30 Ohm
resistor is in parallel with it, therefore has the same pd across it = 1.4V

(a) (ii)
I = V/R = 1.4/30 = 0.047A
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NSAA 2018 Section 2 - Question P2 (b) - Worked Solution

(i)
Variable resistor current: add currents through 30 Ohm resistor and LED (since current splits through
parallel compenents):
Question tells us that current through LED is 8mA and from part (aii) current across the resistor is
47mA so 8 + 47 = 55mA

(ii)
Voltage splits across components in series, so if the pd across the parallel section is 1.4V, pd across
the variable resistor = 6.0 – 1.4 = 4.6V

(iii)
R = V/I = 4.6/(55x10^-3) = 84 Ohms

(b)
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NSAA 2018 Section 2 - Question P2 (c) - Worked Solution

(i)
Requires use of the potential divider, where the total resistance of R2 and Rvar is given by: 1/RT =
1/20 + 1/20 = 1/10 so RT = 10 Ohms
V = 20/(20 + 10) x 6.0 = 4.0V

(ii)
Graph sketched: shows a downward curve starting at 6.0V for Rvar = 0 and levelling off at a 3.0V
asymptote. Should aim to pass through the point V = 4.0V when R = 20 Ohms.

(iii)
Using the potential difference formula, V = Vi(Rvar/(20 + 2Rvar)) and P = V^2/Rvar:
For Rvar = 0, P = 0
Rvar = 5 P = 0.2W
Rvar = 20 P = 0.2W
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Rvar = 50 P = 0.125W
Rvar = 80 P = 0.09W

(iv)
There should be on the graph:
- Steep incline
- Max between 5 and 20 Ohms
- Shallow decline to P = 0.09 for 80 Ohms (not an asymptote here)
- Graph should go through points calculated above
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NSAA 2018 Section 2 - Question P2 (d) - Worked Solution

log(Rab) = ktheta + c
log(Rab) = (log(2x10^6) – log(1x10^3))/270)theta + log(1x10^3)
= (log(2 + 6 – 3)/270)theta + 3
Sub for theta = 110 gives logRab = 4.345 so Rab = 22.1kOhms
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NSAA Section 2 2018 - Question C1

NSAA 2018 Section 2 - Question C1 (a) - Worked Solution

(i)
H20 or water

(ii)
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(iii)
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NSAA 2018 Section 2 - Question C1 (b) - Worked Solution
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NSAA 2018 Section 2 - Question C1 (c) - Worked Solution

From the equation given: Ni (C4 O2 N2 H7)2 = NiC8O4N4H14
Relative molecular mass = 59.693 + (8 x 12.011) + (4 x 15.999) + (4 x 14.007) + (14 x 1.008)
= 59.693 + 96.008 + 63.996 + 56.028 + 14.112
288.922
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NSAA 2018 Section 2 - Question C1 (d) - Worked Solution

Mass of the dry precipitate/ Relative molecular mass = 0.368/288.922
= 1.2737 x 10^-3 mol
= the amount of Ni in mol

Mass of Ni = Mr x Mol
= 1.2737 x 10^-3 x 58.6934
= 0.07475 g

% mass of Ni = 0.07475/1.5 x 100
= 4.98 % (3 s.f.)
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NSAA 2018 Section 2 - Question C1 (e) - Worked Solution

These metal ions will precipitate leading to an increase in the mass of the dry precipitate
This would make the % mass of Ni calculated higher than its true value
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NSAA Section 2 2018 - Question C2

NSAA 2018 Section 2 - Question C2 (a) - Worked Solution

CO2 + 2OH^- --> CO3^2- + H2O
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NSAA 2018 Section 2 - Question C2 (b) - Worked Solution

(i)
Mass H20 = 0.0931g

Moles = 0.0931/ 16.00 +2 x 1.008
1.17 x 10^-3 mol

(ii)

14.7 cm^3 = 14.7 x 10^-3 dm^3

14.7 x 10^-3 dm^3 x 1.00 mol dm^-3 = 0.0147 mol of HCL

Number of moles of OH titrated is equal to the number of moles of HCL

The amount of OH that reacted with CO2 = (25 x10^-3 dm^3 x 1.00 mol dm^-3) - 14.7 x 10^-3 mol
= 10.3 x 10^-3 mol

2NaOH + CO2 --> Na2CO3 +H2O
2:1 ratio
Moles of CO2 = 10.3 x 10^-3 / 2
= 5.15 x 10^-3

(iii)
Moles of C = 5.15 x 10^-3 (answer from part ii)

Moles H = 2 x moles of H20
= 2 x 5.1676 x 10^-3 = 10.335 x 10^-3 mol

Mass of O in the sample
0.100g - (5.15 x 10^-3 mol x 12.00 g/mol) - (10.335 x 10^-3 mol x 1.008g/mol) = 0.02778g
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Moles O = 0.02778g/ 16.00 g/mol = 1.7364 x 10^-3 mol

Ratio- 3 : 6 : 1

Empirical formula = C3H6O
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NSAA 2018 Section 2 - Question C2 (c) - Worked Solution

(i)
-2 - (-2) X 4 = +6

(ii)
K: + 1
Cr: (-2 - (-2) x 7) / 2 = +6
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NSAA 2018 Section 2 - Question C2 (d) - Worked Solution

Fe 2+ --> Fe 3+ + e-

MnO4- + 5e- +8H+ --> Mn 2+ + 4H2O c
5Fe 2+ + 8H+ + MnO4- --> 5Fe3+ + Mn2+ + 4H20
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NSAA Section 2 2018 - Question B1

NSAA 2018 Section 2 - Question B1 (a) - Worked Solution
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NSAA 2018 Section 2 - Question B1 (b) - Worked Solution

There are 4 possible nucleotides that are arranged into 3 letter sequences (codons), there are 64
possible combinations of these nucleotides (4^3).
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NSAA 2018 Section 2 - Question B1 (c) - Worked Solution

The advantage of redundancy is that point mutations may lead to the same amino acid, which
increases fault tolerance
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NSAA 2018 Section 2 - Question B1 (d) - Worked Solution

299 amino acids = 299 x 3 bases = 897. 897/18 = 49.833
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NSAA 2018 Section 2 - Question B1 (e) - Worked Solution

7^2 = 49, too low, 8^2 = 64
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NSAA 2018 Section 2 - Question B1 (f) - Worked Solution

Types of changes in DNA sequences

Substitutions: where one bases is swapped for anther. This changes the codon, which may lead to a
change in the amino acid or a premature stop codon. These may alter the protein produced and
therefore its function
Deletion: single or multiple bases can be lost from the sequence, leading to loss of amino acids or
frameshift mutations. Frameshift mutations happen when there is a loss of a number of bases that is
not a multiple of 3- altering the way the rest of the codons are read.
Insertion: single or multiple bases can be added to the sequence, this can lead to a gain of amino
acids or frameshift mutations.

Examples:

Duchenne muscluar dystrophy is caused by deletion of exons in the DMD gene that alter the function
of dystrophin
Cystic fibrosis is also caused by deletion in the CFTR gene, which alters either the production or
functioning of the CFTR protein
Sickle cell anaemia is caused by a substitution mutation in the HBB gene, which encodes a protein in
haemoglobin
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NSAA Section 2 2018 - Question B2

NSAA 2018 Section 2 - Question B2 (a) - Worked Solution

benefit: increased speed or lower effort. Problem: Sample error, you are assuming that the quadrat
samples are representative of the study area as a whole, if this is not true then the estimate will be
inaccurate
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NSAA 2018 Section 2 - Question B2 (b) - Worked Solution

Plant is found in 6 out of the 8 quadrats, therefore the frequency of occurance is 6/8
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NSAA 2018 Section 2 - Question B2 (c) - Worked Solution

12 plants found within the quadrats, with a total area of 2 x 2 x8 = 32. Mean number of plants per
square m = 12/32
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NSAA 2018 Section 2 - Question B2 (d) - Worked Solution

Final number of plants for an average density of 2 plants per square m = 14 x 10 x 2 = 280. 30 plants
currently, need 250 more. 250/ 70 = 3.57 weeks or 25 days
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NSAA 2018 Section 2 - Question B2 (e) - Worked Solution

It may relate to one of the following:
importance of synchrony with its pollinators
Importance asexual reproduction
Importance of resource build up

http://www.oxbridgemind.co.uk


35

NSAA 2018 Section 2 - Question B2 (f) - Worked Solution

Factors affecting photosynthetic rate: light intensity, CO2 levels, temperature, water, minerals.
Increasing the light inensity or carbon dioxide concentration will increase the rate of photosynthesis
until another factor becomes limiting, There is an optimal temperature for photosynthesis.
Factors affecting spread: limits on transmission (vactors for pollen, seeds), limits due to competition,
limits due to the reproduction or growth rate (i.e, the slower a plant grows, the slower it can spread),
limits due to environmental conditions.
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