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Mark schemes

(a)     (i)       

( = 0.553) = 0.55 ( s)  

0.6 gets 2 marks only if working shown. 0.6 on its own gets 1 mark.
2

1

Allow g=10 (0.5477)

(ii)     (s = v t = 430 × 0.553 = 237.8 = ) 240 (m)  
ecf a(i)

1

(b)     their vertical motion is independent of their horizontal motion
OR downward / vertical acceleration is the same for both
OR acceleration due to gravity is the same for both
OR vertical speed / velocity is the same for both  

Allow ‘time is constant’
Don’t allow ‘similar’

(bullets A and B will be in the air) for the same time  

(Horizontal acceleration is zero and thus horizontal) distance is proportional to horizontal
speed OR s = ut where u is the horizontal velocity  

‘velocity smaller so distance smaller’ is not sufficient
3

[6]

(a)     (i)      vertical speed = 22 sin 30 = 11 m s–1 (1)

C1

(ii)     use of v = u + at or substitution (1)

B1

or any correct alternative using equations of motion
working leading to 1.12 s (1)

B1

         working showing that it is doubled for up and down (1)

B1

2

(iii)     41.9 – 43m (1)

B1
5
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(b)     (i)      max 3 from

         tennis ball doesn’t travel as far because:

         tennis ball has lower KE when hit (1)

B1

tennis ball has a rougher surface so more friction/air
resistance) (1)

B1

(although)rate of energy loss to air (initially) is
the same (1)

B1

         tennis ball loses KE quicker (1)

B1

(ii)     sketch showing significantly lower height and range (1)

M1

acceptable flight path initially same (for short
distance then always below cricket ball path° (1)

A1
5

[10]

(a)     potential energy to kinetic energy (1)
mention of thermal energy and friction (1)

2

(b)     (use of ½ mv2 = mgh gives) ½ vh
2 = 9.81 × 1.5 (1)

vh = 5.4(2)ms–1 (1)
(assumption) energy converted to thermal energy is negligible (1)

3

(c)     component of weight down the slope causes acceleration (1)
this component decreases as skateboard moves further down
the slope (1) air resistance/friction increases (with speed) (1)

2

3
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(d)     (i)      distance (= 0.42 × 5.4) = 2.3m (1)
(2.27m)

(allow C.E. for value of vh from (b))

(ii)     vv = 9.8 × 0.42 (1)
= 4.1(l) m s–1 (1)

(iii)         v2 = 4.12 + 5.42 (1)
v = 6.8 m s–1 (1)
(6.78 m s–1)

(allow C.E. for value of vh from (b))
5

[12]

(a)     (i)     

 

                                                                                (1)

(ii)     no horizontal force acting (1)
(hence) no (horizontal) acceleration (1)
[or correct application of Newton’s First law]

3

4

(b)     (i)      (use of v2 = u2 + 2as gives)       322 = (0) + 2 × 9.81 × s (1)

s =  (1)         (= 52.2 m)

(ii)     (use of s = ½ at2 gives)             52 = ½ 9.81 × t2 (1)

= 3.3 s (1)    (3.26 s)

[or use of v = u + at gives 32 = (0) + 9.81 × t (1)

 = 3.3 s (1)    (3.26 s)]

(iii)     (use of x = vt gives) × (= QR) = 95 × 3.26 (1)
= 310 m (1)

(use of t = 3.3 gives x = 313.5 m)
(allow C.E. for value of t from (ii)

6

Page 16 of 21
www.examqa.com



(c)     maximum height is greater (1)
because vertical acceleration is less (1)
[or longer to accelerate]

2

[11]

(a)     constant horizontal (component of) velocity/no horizontal
force or acceleration

B1

accelerates vertically/increasing vertical (component) of
velocity

B1
2

5

(b)     appropriate curve starting at same place with shorter
trajectory

B1
1

[3]

(a)     (rate of change of horizontal) displacement is constant (1)
hence (horizontal) velocity is constant (1)
thus no (horizontal) force acting (1)

max 2

6

(b)     there is a vertical force
[or weight / force of gravity acting on ball] (1)
ball therefore accelerates (in vertical direction) (1)
acceleration is constant (1)

max 2

(c)     (i)      (horizontal) displacement would be less (1)

(ii)     (vertical) displacement or acceleration would be less (1)
effect would increase with time (1)
[or air resistance increases with speed until equals weight (1)
hence reaches terminal velocity / speed (1)]

3

[7]

D

[1]
7

C

[1]
8

A

[1]
9

D

[1]
10
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B

[1]
11

 
B

[1]

12
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Examiner reports

(a)     (i)      A very large number of candidates took 430ms-1 as the final vertical velocity and
obtained a time of 44 seconds for the bullet to fall 1.5m. Many used t = s / v with v =
430m-1. This gave a time of 3.5 ms to fall 1.5m. Students need to be encouraged to
look at their answers and consider whether they are sensible.

(ii)     Here we saw the usual erroneous use of ‘suvat’: e.g. s = 1 / 2 (u + v)t with either u or v
being set to zero. Given that this type of question is not uncommon, it is surprising
how many students do not understand that the horizontal velocity is constant and that
the suvat equations are not necessary.

(b)     Some candidates thought that the slower bullet reaches the ground first and some did not
distinguishing between velocity and horizontal velocity. It is important to be very specific
when describing motion.

This is a very good question for addressing misconceptions. One could perhaps use the
following examples in class and ask students to mark them and analyse the physics:

‘Because the horizontal velocity of B is less than A, the bullet is slowed down more by drag.
Also the pull of gravity will allow it to travel less horizontal distance than A because the
bullet has less resistance to the gravitational force causing it to be pulled down to earth
quicker.’

‘It has less forward force to use. This means that gravity will have an affect on this bullet
sooner. The lower the horizontal force, the quicker the vertical force overpowers it, thus
making it hit the ground sooner and a shorter distance travelled.’

1

A large number of candidates had not grasped the concept of the independence of motion in two
directions at right angles.

In part (a) (i), many candidates had difficulties resolving velocities. The use of cos 30 or tan 30
rather than sin 30 was common.

For part (a) (ii), many used the projected speed of 22 m s–1 rather than the resolved speed in the
equation of motion. Only a small minority of the candidates calculated the time to reach the
maximum height and then doubled it. Some quoted u = at so 22 = 9.8t. This gave the correct
outcome for the wrong reason.

The most common answer to part (a) (iii) was to use 22 m s–1 as the horizontal velocity. Some
candidates introduced gravitational acceleration into the solution of this part.

2
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Few candidates were able to make significant progress with their explanations in part (b) (i). The
majority appreciated the lower momentum and/or kinetic energy of the ball on leaving the bat but
going on to explain how the effect of air resistance on the object leads to a lower range proved
too difficult for most candidates. Answers frequently illustrated conceptual difficulties between
energy and force, e.g. more kinetic energy means there is more force driving the ball, or the ball
with a lower momentum loses its forward force quicker.

Consideration of the force acting on a ball was often related to the force exerted by the bat which
was nor relevant in the context of the question.

There were few carefully thought out diagrams in part (iii). The quality of drawing varied
considerably. It was common for the path to be shown unchanged to almost maximum height
before deviating. Attempts to show an asymmetrical path were rare  

Parts (a) and (b) of this question involved a familiar theme of energy conversion that has been
assessed before. For the most part, candidates identified the energy changes correctly. The
calculation of the horizontal velocity did however, cause problems. This was because many
candidates applied the equations of uniform acceleration which were not appropriate in this
situation as the acceleration changed.

Parts (c) and (d) proved to be challenging. Only a few of the more able candidates were able to
identify the component of the weight parallel to the slope as the cause of the acceleration. A
significant proportion of candidates concentrated on the changing frictional forces as an
explanation of decreased acceleration. Part (d) proved to be too difficult for less able candidates
who became very confused by the horizontal velocity and tried to use it in calculations for motion
in the vertical plane.

Projectile questions of a similar type have been asked before but the impression given was that
candidates found the analysis more difficult this time round. The diagram did, unfortunately,
include an incorrect label of a vertical height of 1.0 m. There was, however, no evidence that this
caused confusion and candidates were given full credit if they used this value for vertical
displacement.

3

This question caused problems for all but the most able candidates. This was particularly true
with part (a) in which the path of the crate was often shown as a straight line or curving the wrong
way. Candidates also found it difficult to express themselves clearly when trying to explain why
the horizontal component of velocity remained constant.

Part (b) was better answered and frequently scored full marks. In part (c) the majority of
candidates correctly surmised that the crate could be dropped from a greater height but found it
more difficult to explain why. Very often the answer stated that air resistance slowed the crate
down, and not that it decreased its acceleration.

4

Although many candidates referred to the independence of the horizontal and vertical
components, only around half mentioned that there was a constant horizontal component and
vertical acceleration caused by gravity. Almost all candidates that attempted part (b) correctly did
so. It seems likely that those who did not attempt it had not noticed the question.

5
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Most candidates found this question difficult. In general, the candidates had some idea about the
independence of horizontal and vertical motion but they found it difficult to express their ideas
clearly. This difficulty was even more evident in part (b) when they were asked to consider the
effects of air resistance. A common mistake was to state that air resistance decreased the
vertical velocity as it caused deceleration. This type of question, which has been set in previous
examinations and which also posed difficulties, does seem to highlight candidates’ conceptual
difficulties.

6

The most common incorrect response seen was distractor A. These students mixed up the
acceleration of free-fall conditions with the conditions experienced under terminal velocity. There
was a success rate of 38.7% on this item.

7

70.2% correct8
Less than 50% of students selected the correct answer. Distractor B was the most frequently
selected incorrect response. In selecting distractor B, students did not take account of the
horizontal motion of ball X.

9
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