Teacher Support Materials
2009

Maths GCE

Paper Reference MM1B

Copyright © 2009 AQA and its licensors. All rights reserved.
Permission to reproduce all copyrighted material has been applied for. In some cases, efforts to contact copyright holders have
been unsuccessful and AQA will be happy to rectify any omissions if notified.

The Assessment and Qualifications Alliance (AQA) is a company limited by guarantee registered in England and Wales (company number
3644723) and a registered charity (registered charity number 1073334). Registered address: AQA, Devas Street, Manchester M15 6EX.
Dr Michael Cresswell, Director General.



MM1B

Question 1

Twuo particles, 4 and B, are moving on a smooth horizontal surface when they collide.
During the collision, the two particles coalesce to form a single combined particle. Particle A4
has mass 3kg and particle B has mass 7 kg.

3]

Before the collision, the velocity ol 4 1s 5 | m 5! and the velocity of B is _Il ms~ 1.
(a) Find the velocity of the combined particle afier the collision. (3 marks)
ib) Find the speed of the combined particle after the collision. (2 marks)
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Commentary

This candidate has written down a correct statement at the start of the answer, which
secures the first two marks for the question. However in the second line of working, a simple
arithmetic error, circled by the examiner causes the loss of the final accuracy mark for part

(a).

The answer to part (b) is now clearly incorrect, but as the candidates has used the correct
method and obtained the correct speed for the velocity found in part (a). The script shows
how the examiner has awarded follow through marks in this case.

This example illustrates how candidates can lose marks through minor errors and how the
follow through marks can be awarded. It also shows the importance of a clear statement or
equation at the start of the question to ensure that partial marks are awarded.
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Question 2

MM1B

2 A lifi is travelling upwards and accelerating uniformly. During a 5§ second period, it travels

16 metres and the speed of the lift increases from wms™! to 42ms™!.

(a) Find u.

(b} Find the acceleration of the lifi.

1

i3 marks)

i3 marks)
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Commentary

This answer was produed by a candidate who has not been able to state the constant
acceleration formulacorrectly. In part (a), the candidates states three formula, of which
bunfortunatly only one is correct. One of the incorrect formulae is then used in part (a) to

obtain an incorrect value for the initial velocity.

In part (b), the candidates quotes the required formula correctly, but then substitutes the time

squared instead of the time.

This example shows how candidates who do not learn the required formula and who are not
proficient in their application will lose many of the relatively straight forward marks that are

available on the papers.
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2(a) 16= 1 49955 1: Using a constant acceleration
_E{“ )X MI1A1 equation to find w with v=42 and
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MM1B

Question 3

3 A car is travelling in a straight line on a horizontal road. A driving force, of magnitude
J000N, acts in the direction of motion and a resistance force, of magnitude 600N, opposes
the motion of the car. Assume that no other horizontal forces act on the car.

(a) Find the magnitude of the resultant force on the car. (2 marks)

(b} The mass of the car is 1200 kg. Find the acceleration of the car. (2 marks)
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Commentary

This candidate has calculated the resultant force correctly in part (a). The examiner has
assumed that the R in the solution stands for the resultant force, not the normal reaction
force which R appears to represent in the diagram.

In part (b) the candidate has included the weight in an equation which also involves the
horizontal forces and so cannot find the acceleration.

This example illustrates someof the problems that the candidates have with drawing force
diagrams and dealing with forces.

Mark Scheme

3(a) | Resultant Force = 3000 — 600 M1 1 Difference between the two forces.
=2400 N Al 2 Al: Correct magnitude of resultant force.
Iust be a positive answer.

(600 — 3000 = -2400 scores M1AQ)

(b) | 2400=1200a M1 1: Use of Newton's second Law to find
acceleration.
L2400 ) B _
1200 Al 2 Al: Correct acceleration
—2400 A
(a= =—2 ms™~ scores M1AO)

1200

Total 4




Question 4

4 A river has parallel banks which are 16 metres apart. The water in the river [lows at
1.2ms™! parallel to the banks. A boat sets off from one bank at the point 4 and travels
perpendicular to the bank so that it reaches the point B, which is directly opposite the
point 4. It takes the boat 10 seconds to cross the river.

The velocity of the boat relative to the water has magnitude ¥'m s~! and is at an angle « to
the bank, as shown in the diagram.
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A
{a) Show that the magnitude of the resultant velocity of the boat is 1.6m s, {1 mark)
ib) Find V. (3 marks)
ic) Find x. (2 marks)

(d) State one modelling assumption that vou needed to make about the boat. (1 mark)
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Commentary

This candidate produces correct solutions to part (a) and (b) of the question and is clearly
helped by the clear diagrams that were drawn to support these parts of the solution. The
required division is shown clrealy in part (a).

In part (c) the candidate finds an angle correctly, but does nt realise that this is not the angle
that the question has asked them to find. It is interesting that the candidate did not mark any
angles, other than the right angle, on the diagram. It is quite possible that the candidate
would have gained full marks if the angle that was found had been marked on the diagram.

The answer that this candidate gives in part (d) is not acceptable because the times and
distances are specified in the question and these would take account of any resistance
forces already.

This examples shows the importance of clear diagrams in candidates solutions.
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MM1B

Question 5

5 A block, of mass 14 kg, is held at rest on a rough horizontal surface. The coeflicient of
[riction between the block and the surface is 0.25 . A light inextensible string, which passes
over a lixed smooth peg, is attached to the block. The other end of the string i1s attached to a
particle, of mass 6 kg, which is hanging at rest.

14kg
M
O 6kg
The block 1s released and begins to accelerate.
(a) Find the magnitude of the friction force acting on the block. i3 marks)

(b} By forming two equations of motion, one for the block and one for the particle, show
that the magnitude of the acceleration of the block and the particle 15 1.225m s2,
(5 marks)

ic) Find the tension in the string. 2 marks)

(d) When the block is released, it is 0.8 metres from the peg. Find the speed of the block
when it hits the peg. i3 marks)

(e) When the block reaches the peg, the string breaks and the particle falls a further
0.5 metres to the ground. Find the speed of the particle when it hits the ground.
(3 marks)
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Commentary

MM1B

This candidate has produced a good solution. The working is clearly shown and all steps
taken are indicated. This is particularly important in part (b), which requires the candidates to
show that the acceleration has the given value. The candidates begins part (b) with clear
equations of motions for each bodyand then solves them to obtain the required acceleration.

In part (e) the candidate uses the correct initial velocity, but makes the mistake of using the

wrong acceleration.

This example illustrates a really good solution to a “Show that” type of question.

Mark Scheme
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MI1A1

MI1A1

Al

M1: Finding the normal reaction. Accept
l4¢g.

W1: Use of F=uR

Al: Correct friction

Use of g =9.81 gives

R=1373 and F =343 so in this case do
not penalise use of g =9 81.

M1: Equation of motion for the particle,
containing T, §g or 58.8 and 6a.

Al: Correct equation with correct signs.
M1: Equation of motion for the block,
contatnung T, 34.3 or thewr F and 14a.
Al: Correct equation with correct signs.
Al: Correct acceleration from correct
working.

If -1.225 is obtained from consistent
working award 4 marks and if changed to
+1.225 with an explanation, award full
marks.

Special Case:

Whole string method

6g-343=20a

a=1.225

award M1ATAL

Use of g =9.81 gives

a=1.228 penalise use of

g=9.81 by deducting 1 mark, but don’t
penalise again on the same senipt.




5(c) | T-34.3=14x1.225 M1 1: Use of either of candidates equations
T=1715+343=515N Al of motion to find tension. with a=+1 225
and their F (Method 1).
Al: Correct tension
Accept 51.45 or 51 4. Don’t penalise use
OR of g=9.81 if already done in part (b).
6g—T'=6x1.225 (ML)
T'=6%9.8—6x1.225=51.5 (A1) -
(d) | P =0 21 225%0.8 M1Al W1: Use of constant acceleration equation
=1 96=14 ms” Al to ﬁnﬁ speed with ©#=0.
Al: Correct equation
OR Al: Correct speed AWRT 1.4
0_8=l><1.22:'-a'3 In method 2, no marks awarded for just
2 finding .
#=(1.1428) o)
v=1225x1.1428 (A1)
=140 (A1) 3
e) | v =14*+2x9.8x0.5 M1 1: Use of constant acceleration equation
AlF to find speed with & = 1.4 or their answer
y=3.43 ms? AlF to part (d), a=+9 8 and s = 0.5
AlF: Correct equation.
Follow through their answer to part (d).
OR ATF: Correct speed. .
0.5=1 4 1. 4.9 Don’t penalise use of g = 9.81 if already
S=laredn done earlier in question.
t=0.2071 In method 2, no marks awarded for just
v=14+98x0.2071 (ML) finding .
- : (A1F)
=343 ms (A1F) 3
Total 16
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Question 6

6 A ball is kicked from the point P on a horizontal surface. It leaves the surface with a

velocity of 20ms™

I at an angle of 50° above the horizontal and hits the surface for the first

time at the point . Assume that the ball is a particle that moves only under the influence of

oravity.
o
(a) Show that the time that it takes the ball to travel from P to 0 is 3.13 5, correct to three
significant figures. (4 marks)
(b} Find the distance between the points P and 0. (2 marks)
(c) If a heavier ball were projected from P with the same velocity, how would the distance
between P and (O, calculated using the same modelling assumptions, compare with yvour
answer to part (b)? Give a reason for vour answer. (2 marks)
(d) Find the maximum height of the ball above the horizontal surface. (3 marks)
(e) State the magnitude and direction of the velocity of the ball as it hits the surface.

(2 marks)
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Commentary

This candidate understands how to solve part (a) of the question, but fails to gain the final
mark in this part because they include the statement 1.56 x 2 = 3.13. In order to have gained
the final mark, the candidate should have produced a statement like 1.563 x 2 = 3.126 and
then given the final answer as 3.13. In general, when asked to show a particular value to
three significant figures, the candidates should give an answer to more than three significant
figures and then round this to the required value.

The candidates gives good answers to parts (b), (c) and (d), although the examiner would
have preffered to “the acceleration due to gravity” rather than just “acceleration” in part (c).

In part (e) The candidates had simply been expected to state the velocity with which the ball
hits the surface. Many candidates however, went through the fairly long process of
calculating the horizontal and vertical components of the velocity of the ball when its hits the
surface and then using these to obtain the speed and direction of the ball at the time. The
response from this candidate illustrates some interesting errors. In the first line of working the
candidates writes “+” instead of “-“, as indicated by the examiner. However he does obtain
the correct answer for this component, but subtracting rather than adding. In the line that
begins with the word “downwards” the candidate shows what could be a correct expression
for the speed if brackets were inseted as marked by the examiner. The line below is then
correct, but unfortunately the candidate makes an arithmetic error.

This script again illustrates the need for candidates to fully justify their answers in “Show that”
type questions and how candidates can be given the benefit of the doubt when they make
slips in their working.
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B1
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1: Equation to find time, with y =0,
w=205mn50" or ¥=20cos50° and 9 8
or +g.

Al: Correct equation

divi1: Solving for .

Al: Correct time from correct working.
Must see division by 4.9 oe or tore than
3sf

Verification methods can only gain first 2
marks

Special case
153

49
M1A1dMIAD

3 =312 or 3.13 scores

M2: doubling time to max height (could
use cos mstead of sin) but mmst use £9.8
or g

A2: Correct time from correct working.
Don't penalise use of ¢ = 9.81 1f already
done earlier on script. Would obtain time
as 312 seconds.

Note: If using a memorised formula esther
4 marks if final answer correct, 3 marks 1f
substituted correctly, otherwise zero.

Special case
T=2x1.56=3.12 or 3.13 scores M2A1

M1: Calculation of range, could use sin
mstead of cos.

Al: Correct range

Accept 40.1

B1: No change
B1: Explanation following a correct
statement.
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20 ms” at 50° below the horizontal.

M1
Al
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(M1)
(AD)
(AD)

B1
B1

W1: Equation to find height, with
w=205mn50" or ¥=20cos50° and 9 8
or +g (and ¢ between 1.56 and 1.57 1f
method 2 used).

Al: Correct equation

Al: Correct height. Accept 12 or 11.9 or
AWRT 12.0

In method 2. no marks awarded for just
finding 1.

Don’t penalise use of g = 9.81 if already
done earlier on script. Should still get 12
Note: If using a memorised formula esther
3 marks 1f final answer correct, 2 marks 1f
substituted correctly, otherwise zero.

B1: Speed AWRT 20

B1: Direction AWRT 50°, Must indicate
below, or down. Could be implied by a
diagram.

Total

13




Question 7

MM1B

7 A particle moves on a smooth horizontal plane. It is initially at the point 4, with position
vector (91 + 7j)m, and has velocity (—2i +2j)m s~ The particle moves with a constant
acceleration of {0.251 4 ﬂ.?rj}mﬁ_z for 20 seconds until it reaches the point 8. The unt

vectors i and j are directed east and north respectively.

a) Find the velocity of the particle at the point 5. (3 marks)
(a) Find th locity of th icl h int B (3 ks
) nd the velocity ol the particle when it 18 travelling due north. (4 marks)
(b)  Find the velocity of th icle when it i ling d h (4 ks)
{¢) Find the position vector of the point B. (3 marks)
) ind the average velocity of the particle as 1t moves {rom A (o 5. (2 mares)
(d) Find th locity of th icl i fi B (2 ks)
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Commentary

This candidate has produced good solutions to all parts of this question except for part (b).

Part (b) was found difficult by many candidates. This candidates, as did many others, begins
with a correct statement about the i component being zero, but is unable to form an equation
from which to beginto work. In this case the candidate has used 3, which is the i component

of the velocity at time 20, but has not included the initial velocity. It is interesting to note that

when the candidate calculates the velocity the answer includes a non-zero i component, but
this does not seem to worry the candidate.

There are two other points worth mentioning about this sample. The candidate has clearly
crossed out any working that he does not want to be marked. This avoids the averagingof
marks rule which is applied when candidates supply two complete, but different solutions.

The other point can be seen in part (d). In the line that begins “distance AB” the candiadate
should have put brackets around the initial position, but as the working is correct on the next
line the candidate is not penalised. Clearly it is better for candidates to ensure that the
working they present is always correct, but examiners will give candidates the benefit of the
doubt in cases like this.




Mark Scheme

MM1B

T(a) | v=(=2i+2j)+(0.25i+0.3j)=20 M1 M1: Finding velocity using v=u+ar .
Al Al: Correct expression.
v=3i+8j Al 3 Al: Correct velocity in simplest form.
(b) | =2+0.25t=0 MIAL M1: One component equal to zero (either
t=8s Al i or j component).
Al: Correct equation
Al: Correct tume
v=(2+03x8)j=4.4j Al 4 Al: Correct velocity
(© e 1 S, B M1 M1: Finding position vector using a
r=(=2i+ 2 JD+E(U'25H0"])X‘0 +OTD A constant acceleration equation with ar
OR without the matial position with 1=20.
1 . _ _ _ Al: Correct expression for position vector
r :E[ (—2i+2j)+(31+8j) )< 20+(9i+7j) including mitial posttion.
r=1%i+107j Al 3 Al: Correct position vector in simplest
form.
(d| (1%i+107))—(9i+7]) M1 M1: Finding average velocity based on
Vareriee = 20 change of position. Subtraction of mitial
10i-+100] position must be seen or implied. Division
= by 8 scores MO
20 AlF: Correct average velocity. Follow
=0.51+5] AlF 2 through incorrect answers from part (c).
Allow 1Y
e
Total 12




Question 8

8 The diagram shows a block, of mass 20 kg, being pulled along a rough horizontal surface by
a rope inclined at an angle of 30° to the horizontal

The coefficient of friction between the block and the surface is . Model the block as a
particle which slides on the surface.

(a) If the tension in the rope is 60 newtons, the block moves at a constant speed.

(1) Show that the magnitude of the normal reaction force acting on the block 1s

166 N. (3 marks)
(i) Find p. (4 marks)

ib) If the rope remains at the same angle and the block accelerates at 0.8 m s™2 | find the
tension in the rope. (5 marks)
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Q\éq
Y27 i
= X0 - Tain3o
F=Teos 30= 0313 (2o~ 73,;.30) (S|

Fora

T—/Oﬁ‘/aa_g- nEY: = X0x 0.8

/{'/(5)'3%4-3/31':;\ = l6

w:ér//5+ (ot 3% ~ .3:31:&'»@

T fewsmel= F2ea

T TeenSa = |6

T =M 4 TewsTc

T= 130T

T=/6+ OBFT

%661':/5

LI5S T= lg

Leave
blank




Commentary

This was a very typical response to this question, in that the candidate gains full marks for
part (a) of the question. Many candidates then scored no marks on part (b). This candidate is
a little different, in that they do gain one mark for giving correct expressions for the normal
reaction and friction force, but do not gain any more marks because they do not apply
Newton’s Second Law correctly.

This script illustrates how challenging part (b) of this question was for many candidates.

Mark Scheme

8(a)(i) | 20x9.8=R+60sm30° M1 M1: Equation or expression for normal
Al reaction with g or 20g or 196 and
(R=)20x9 B—60smm30°=166 N AG Al 3 60sin30° or G0cos30°.
Al: Correct equation or expression with
corfect signs.
Al: Correct value from correct working.
IWust be positive.
Don’t penalise use of g = 9.81 if already
done earlier on script. Should still get 166,
but from 166.2.
(ii) | 1664 =60cos30° M1 M1: Use of F=uR  with R =166 or
MIAl 166.2. Do not allow mequalities here.
= G0cos30° M1: Resolving horizontally with cos30°
! 166 or san30” oe.
=0313 Al 4 Al: Correct equation
Examples:
1664 =60 MI1MOAD
1664 =—60cos30° MIMIAD
Al: Correct coefficient of friction.
(b) | 20x%0.8=Tcos30°-0.313(20x9.8-T =in 307) Bl B1:20g—-Tsin 30 oe seen.
iﬂ_‘ IWI1: Three term equation of motion,
. 4 where normal reaction 1s dependent on T
T:LDXO'B+D'EIBXE_DXQ'S:?5.6 N dM1 AIlF: Correct equation ’
cos30°+0.313sm30° AlF 5 dh1: Solving for T including
factorisation.
AlF: Correct tension.
AWRT 75.6
Follow through incorrect values of i
from part (a).
Don’t penalise use of g = 9 81 if already
done earlier on script. Should get 75.7.
Allow 75.8 if intermediate values
rounded.
Total 12






