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General guidance to Topic Tests
Context

e Topic Tests have come from past papers both published (those materials available publicly)
and unpublished (those currently under padlock to our centres) presented in a different format
to allow teachers to adapt them for use with candidates.

Purpose

e The purpose of this resource is to provide qualification-specific sets/groups of questions
covering the knowledge, skills and understanding relevant to this Pearson qualification.

e This document should be used in conjunction with the advance information for the subject as
well as general marking guidance for the qualification (available in published mark schemes).



https://qualifications.pearson.com/en/qualifications/edexcel-a-levels/mathematics-2017.coursematerials.html#filterQuery=Pearson-UK:Category%2FExam-materials

Revise Revision Guide content coverage

The questions in this topic test have been taken from past papers, and have been selected as they cover the topic(s)
most closely aligned to the A level advance information for summer 2022:

- Topic 3: Kinematics - Projectiles and Quantities and units in mechanics

o Projectiles, constant acceleration

The focus of content in this topic test can be found in the Revise Pearson Edexcel A level Mathematics Revision
Guide. Free access to this Revise Guide is available for front of class use, to support your students’ revision.

Contents Revise Guide Level
page reference

Pure Mathematics 1-111 A level

Statistics 112-147 A level

Mechanics 148-181 A level

Content on other pages may also be useful, including for synoptic questions which bring together learning from
across the specification.



https://qualifications.pearson.com/content/dam/pdf/A%20Level/Mathematics/2017/Teaching%20and%20learning%20materials/W73066_GCE_A_Mathematics_9MA0_AN_Accessible_version.pdf

Questions
Question T3 _Q1

6. At time f seconds, where ¢t = 0, a particle P moves in the x-y plane in such a way that its
velocity vims™ is given by

1
v =1 2i— 4

When ¢ =1, P is at the point A and when ¢ = 4, P is at the point B.

Find the exact distance AB.




Question 6 continued




Question T3 Q2

10.

Figure 4

A boy throws a ball at a target. At the instant when the ball leaves the boy’s hand at the
point 4, the ball is 2m above horizontal ground and is moving with speed U/ at an angle «
above the horizontal.

In the subsequent motion, the highest point reached by the ball is 3m above the ground.
The target is modelled as being the point 7', as shown in Figure 4.
The ball is modelled as a particle moving freely under gravity.

Using the model,

2g
sina

(a) show that /2 =

The point 7' is at a horizontal distance of 20m from 4 and is at a height of 0.75m above
the ground. The ball reaches 7 without hitting the ground.
(b) Find the size of the angle a

(c) State one limitation of the model that could affect your answer to part (b).

(d) Find the time taken for the ball to travel from A to T.




Question 10 continued




Question 10 continued
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Question 10 continued




Question T3 Q3

P_20ms" ums™ Q0
/40 4
4 50m B
Figure 3

The points 4 and B lie 50 m apart on horizontal ground.

At time 7 = 0 two small balls, P and ), are projected in the vertical plane containing AB.
Ball P is projected from A with speed 20ms™ at 30° to AB.

Ball Q is projected from B with speed ¥ms™ at angle # to B4, as shown in Figure 3.

At time 7 = 2 seconds, P and Q collide.

Until they collide, the balls are modelled as particles moving freely under gravity.

(a) Find the velocity of P at the instant before it collides with Q.

(6)
(b) Find
(i) the size of angle 4,
(i) the value of u.
(6)
(c) State one limitation of the model, other than air resistance, that could affect the
accuracy of your answers.
(1




Question 5 continued
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Question T3_Q4

5.

Ums

100m

Figure 2
A small ball is projected with speed Ums ' from a point O at the top of a vertical cliff.
The point O is 25m vertically above the point N which is on horizontal ground.
The ball is projected at an angle of 45° above the horizontal.
The ball hits the ground at a point 4, where AN = 100m, as shown in Figure 2.
The motion of the ball is modelled as that of a particle moving freely under gravity.
Using this initial model,

(a) show that U/ =28

(6)
{(b) find the greatest height of the ball above the horizontal ground NA.

3)
In a refinement to the model of the motion of the ball from O to A4, the effect of air
resistance is included.
This refined model is used to find a new value of U.
{c) How would this new value of {/ compare with 28, the value given in part (a)?

(1)
(d) State one further refinement to the model that would make the model more realistic.

(1)




Question 5 continued
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Question T3 Q5

4.

70m

Figure 3

A small stone is projected with speed 65ms ™' from a point O at the top of a vertical cliff.
Point O is 70m vertically above the point N.

Point N is on horizontal ground.
. . _ 5
The stone is projected at an angle a above the horizontal, where tana = 2

The stone hits the ground at the point 4, as shown in Figure 3.
The stone is modelled as a particle moving freely under gravity.

The acceleration due to gravity is modelled as having magnitude 10 ms™

Using the model,

(a) find the time taken for the stone to travel from O to 4,

C))
(b) find the speed of the stone at the instant just before it hits the ground at 4.
(3

One limitation of the model is that it ignores air resistance.

(c) State one other limitation of the model that could atfect the reliability of
YOUr answers.

4y
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Mark Scheme
Question T3 _Q1

Question Scheme Marks AOs
6. Integrate v w.r.t. time M1 1.1a
r=2ri-24j (+ C) Al | L1b
Substitute £ = 4 and ¢ = 1 into their r M1 1.1b
t=4,r=4-32j(+ C), t=Lr=21-2§+C) or (4,—-32);(2,—2) Al | L1b
2% +(=30) M1 1.1b
Joo4 =24226 Al 1.1b

(©)
(6 marks)

Notes: Allow column vectors throughout

M1: At least one power increasing by 1.

Al: Any correct (unsimplified) expression

Al: +f904 =24f226 or any equivalent surd (exact answer necded)

M1: Must have attempted to integrate v. Substitute 7 = 4 and 7 = 1 into their r to produce 2 vectors (or 2
points if just working with coordinates).

Al: 4i-32§(+ C)and 2i -2j(+ C) or (4,—32) and (2,—2). These can be seen or implied.

M1: Attempt at distance of form J(x1 —x,) +(3, —,)" for their points. Must have 2 non zero terms.




Question T3 Q2

Question Scheme Marks AOs
10(a) Using the model and vertical motion: 0% = U sina)2 —2g«43-2) M1 3.3
2 28 &
Ur=— GIVEN ANSWER Al* 2.2a
sin” o
@)
(b) Using the model and horizontal motion: s = ut M1 3.4
20=Utcosex Al 1.1b
Using the model and vertical motion: s = uf + latz M1 34
5 ) 1
—==Utsina ——gt’ Al L1b
4 2
5 _ 20 1 20 Y
sub for r: ——=Usine -——g MI{I) | 3.1b
4 Ucosa ) 2 \Ucosa
sub for U* MIID | 3.1b
5 2
—Z= 20tane — 100tan" ¢ AL 1.1b
(dtanc — 1)(100tancx + 5)=0 MI(ID) | 1.1b
1
tana=—0 a=14" or better Al | 2.2a
4
)
N.B. For the last 5 marks, they may set up a quadratic in #, by substituting
for Usin & first, then solve the quadratic to find the value of ¢z, then use
20 =Utcosa to find ¢ . The marks are the same but earned in a different
order. Enter on ¢Pen in the corresponding M and A boxes above, as
indicated below.
Sub for Usiner  to give equation in ¢ only MI1D)
5 1
—= =\ 2gt——gt’ Al
g VEITRE @
Solve for ¢ MI(IID)
5
1=J2_ or 1.1 or 1.13 and use 20 =Urcosax MI1(I)
g
o =14° or better Al
(b) ALTERNATIVE




Using the model and horizontal motion: s = ut M1 3.4
20=Utcoscx Al 1.1b
1 1 5
A to top: S=V1‘—Eat and topto T S=uI+EaI
1 2 9 1 3
lz—gt?' == t = |— and —:—g12:> {, =——
2% 'y 4 2°° *J2e M1 3.4
Total time = £, +1,
= \/z + i (= L) Al 1.1b
g 22 2
5
20=) —cosax (sub. for ¢) Ml 3.1b
v2g
2 5
20= —‘zg ——=cCos¢  (sub. for U) M1 3.1b
sin” e /2g
1
tanc = — Al L.1b
4
Solve for M1 1.1b
O o =14° or better Al 2.2a
®
© The target will have dimensions so in practice there would be a range of
possible values of &
Or There will be air resistance
. . . B1 3.5b
Or The ball will have dimensions
Or Wind effects
Or  Spin of the ball
1)
. : ) 2g
(d) Find [/ using their &  ecg U= — M1 3.1b
sSm- o
Use 20 =Ufcosar  (or use vertical motion equation) Al M1 1.1b
5
I=E orl.lorl.13 Bl Al 1.1b
&)
(d) ALTERNATIVE




1 1
A to top: s—vr——at and topto 7 s=m‘+§ar?‘ M1 3.1b

3
1= tt =t _J_ and 2=lg;22 == [, ==
4 2 J2g AIM1 | L1b

Total time ¢ = 7, +¢

2 3 5
= |2 4+— (=——) =1.10r1.13 (s) B1Al | 11b
\/; J2g J2g

&)

(15 marks)

Notes:

(2)
M1: Or any other complete method to obtain an equation in U, g and ¢ only
Al*: Correct GIVEN ANSWER

(b)
M1: Using horizontal motion
Al: Correct equation

M1: Using vertical motion . N.B. MO if theyuses = £ 2 or £ 3, butallow s = £ 1.25 or £0.75 or£2.25 or
+2.75

Al: Correct equation

M1: Using 20 = U cosa to sub. for ¢

M1: Substituting for /> using (a)

Al: Correct quadratic equation (in tan ¢x or cot ¢x)

M1: Solve a 3 term quadratic, either by factorisation or formula (or by calculator (implied) if answer is
correct) and find

Al: o= 14° or better (No restriction on accuracy since g’s cancel)

N.B. If answer is correct, previous M mark can be implied, but if answer 1s incorrect, an explicit attempt to
solve must be seen to earn the previous M mark.

(b) ALTERNATIVE

M1: Using the model with the usual rules applying to the equation
Al: Correct equation

M1: Using the model to obtain the total time from A to 7

Al: Correct total time ¢

M1: Substitute for tin 20 =Ufcosa

MI1: Substitute for U in 20 = Uf cosex, using part (a)

Al: Correct equation in tan ¢¥ only

M1: Solve equation for ¢

Al: = 14°or better (No restriction on accuracy since g’s cancel)




gx’
207 cos® o
and y, could score first 5 marks, M1ATM1AIMI (nothing for the equation only); wrong x value loses first A

N.B. If they quote the equation of the trajectory y =xtan o — oe AND put in values for x

mark and wrong y value loses second A mark

(©)
B1: Give one limitation of the model e.g. the ball will have dimensions, or there will be air resistance or
wind effects or spin

N.B. B0 if any incorrect extra(s) but ignore extra consequences.

(d)

M1: Using their ¢ to find a value for U

Al: Treat as M1: Using their I/ to find a value for ¢

Bl: Treat as Al: f=1.1or .10 (since depends on g = 9.8)

(d) ALTERNATIVE

M1: Using their ¢ to find a value for U

Al: Treat as M1: Using their I/ to find a value for ¢

Bl: Treat as Al: ¢t=1.1or 1.10 (since depends on g = 9.8)




Question T3 Q3

Question Scheme Marks | AO
In this question mark parts (a) and (b) together.
S(a) Horizontal speed =20co0s30° B1 3.4
Vertical velocity at £ =2 M1 3.4
=20sin30°-2¢ Al 1.1b
9.6
t9=tan1[i—} M1 1.1b
1043
> 9.6
Speed =4/100x3+9.6° or e.g speed = — M1 1.1b
sin &
19.8 or 20 (m S_l) at 29.0° or 29° to the horizontal oe Al 2.2a
(6)
(b) Using sum of horizontal distances =50 at =2 M1 3.3
(ucosH)xZ + (2000530°)><2 =50
Al 1.1b
(t1c0s0 =25-20c0s30°)
Vertical distances equal M1 3.4
= (205in30°)><2—§><4= (u sint9)><2—§><4
2 2 Al | L1b
(20 sin30° = usin (9)
Solving for both & and u M1 3.1b
= 52° : sl
e or better (52.47756849....%) Al 274
=13 orbetter (12.6085128...)
(6)
(© It does not take account of the fact that they are not particles
(moving freely under gravity)
It does not take account of the size(s) of the balls
It does not take account of the spin of the balls B1 3.5b
It does not take account of the wind
g is not exactly 9.8 m s
N.B. If they refer to the mass or weight of the balls give BO
4y
(13)




Question T3_Q4

Question Scheme Marks | AOs
S(a) Using horizontal motion M1 3.3
Ucos45°t =100 Al 1.1b
Using vertical motion M1 3.4
. 1
Usm45°r—5gr2 =-25 Al 1.1b
Solve problem by eliminating 7 and solving for [/ M1 3.1b
U=28*% Al* 1.1b
(©)
5(b) Using vertical motion M1 3.4
0° =(28sin 45°) —2gh Al 1.1b
Greatest height =45 m Al 1.1b
3
5(c) New value > 28 B1 3.5a
1)
5(d) e.g. wind effects, more accurate value of g, spin of ball, include size Bl 3 50
of the ball, not model as a particle, shape of ball '
0y
(11 marks)
Notes:
52 | M1 Complete method to give equation in 7 and  only, condone sin/cos confusion and sign
errors
Al Correct equation
M1 Complete method to give equation in [J and 7 only, condone sin/cos confusion and sign
errors
Al Correct equation (g does not need to be substituted)
Must have earned the previous two M marks.
Eliminate ¢ and solve for U.
M1 1
N.B. They may solve for ¢ first (100 —ngz =-25) and then use it to find U.
AT Exact given answer correctly obtained with no wrong working (e.g. g =9.81 used) or
approximation seen.
sy | M1 Complete method to give equation in / only (allow if {J not substituted), condone
sin/cos confusion and sign errors




Marks

Notes

Sa | B1 | Seen or implied, possibly on a diagram
M Use of v=wu+at or any other complete method using 1 =2
Condone sign errors and sin/cos confusion.
Al | Correct unsimplified equation in v or v
M Correct use of trig to find a relevant angle for the direction.
Must have found a horizontal and a vertical velocity component
M1 Use Pythagoras or trig to find the magnitude
Must have found a horizontal and a vertical velocity component
Al Or equivalent. Need magnitude and direction stated or implied in a diagram.
(0.506 or 0.51 rads)
First equation,in terms of % and & (could be implied by subsequent working), using
Sb | M1 | the horizontal motion with ¢ =2 used
Condone sign errors and sin/cos confusion
Al | Correct unsimplified equation — any equivalent form
Second equation, in terms of u and & (could be implied by subsequent working),
M1 using the vertical motion — equating distances or just vertical components of
velocities.
Condone sign errors and sin/cos confusion
Al | Correct unsimplified equation — any equivalent form
Complete strategy: all necessary equations formed and solve for z and &
M1 | N.B. This is an independent method mark but can only be earned if 50 m has been
used in their solution.
Al Both values correct. (Here we accept 2SF or better, since the g’s cancel)
Allow radians for &: 0.92 or better (0.915906..) rads.
Any factor related to the model as stated in the question.
Penalise incorrect extras but ignore consequences
Sc¢ | Bl |e.g. “AB (or the ground) is not horizontal’  should be penalised
or ‘they do not move in a vertical plane” should be penalised
Al Correct equation (g does not need to be substituted) (A0 if U is used instead of 28)
Al cao
5S¢ | Bl Clear statement
Penalise incorrect extras i.e. B0 if there are incorrect extras.
Sd | Bl The ground being horizontal, the cliff being vertical, .. are not part of the model so B0

Include weight/mass of the ball B0




Question T3_Q5

Question Scheme Marks | AOs
Note that g = 10; penalise once for whole question if g = 9.8

4(a) — ut+Lart verti i
Use s=ut+ 2 at” vertically or any complete method to give an M1 3.4
equation in ¢ only

1 Al 1.1b
—70=65sinct xt——x gxt’
2 M (A)1 | 1.1b
t=7 (s) Al 1.1b
C)

4(b) Horizontal velocity component at 4 = 65cosa  (60) Bl 3.4
Complete method to find vertical velocity component at A M1 3.4
65sina—gxT  OR (=257 +2gx70  (45) Alft | 1.1b
Sub for trig and square, add and square root : \/602 +(—45) M1 3.1b
75 Accept 80 (ms™) Al 1.1b

>
e.g. an approximate value of g has been used, the dimensions of

4(0) the stone could affect its motion, spin of the stone, g = 10 instead Bl 3.5h
of 9.8 has been used, g has been assumed to be constant, wind )
effect, shape of the stone

(D
(10 marks)
Notes:
d4a | M1 Complete method, correct no. of terms, condone sign errors and sin/cos confusion
Al Correct equation in f only with at most one error
M(A)1 | Correct equation in f only
N.B. For ‘up and down’ methods etc, the two A marks are for all the equations that
they use, lose a mark for each error.
Al Cao (g=98,710r7.11) (g=9.81,710r7.12)
4b | B1 Seen, including on a diagram.
M1 Condone sign errors and sin/cos confusion
Alft Correct expression; accept negative of this, follow their ¢
M1 Sub for trig and use Pythagoras
Al Cao (g=9.80r9.81,750r 74.8)




4c

B1

BO if incorrect extras
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