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A firework rocket starts from rest at ground level and moves vertically. In the first 3 s of its
motion, the rocket rises 27 m. The rocket is modelled as a particle moving with constant
acceleration a m s °. Find

(a) the value of a,
)
(b) the speed of the rocket 3 s after it has left the ground.

()

After 3 s, the rocket burns out. The motion of the rocket is now modelled as that of a particle
moving freely under gravity.

(c) Find the height of the rocket above the ground 5 s after it has left the ground.
(4)
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Figure 2

A pole AB has length 3 m and weight W newtons. The pole is held in a horizontal position in
equilibrium by two vertical ropes attached to the pole at the points A and C where
AC = 1.8 m, as shown in Figure 2. A load of weight 20 N is attached to the rod at B. The pole
is modelled as a uniform rod, the ropes as light inextensible strings and the load as a particle.

(a) Show that the tension in the rope attached to the pole at C is (%W + %) N.
(4)

(b) Find, in terms of W, the tension in the rope attached to the pole at A.

©)

Given that the tension in the rope attached to the pole at C is eight times the tension in the
rope attached to the pole at A,

(c) find the value of W.
3
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A stone is projected vertically upwards from a point A with speed u m s™'. After projection the
stone moves freely under gravity until it returns to A. The time between the instant that the
stone is projected and the instant that it returns to A is 34 seconds.

Modelling the stone as a particle,

(@) show thatu=174,

©)
(b) find the greatest height above A reached by the stone,

)
(c) find the length of time for which the stone is at least 62 m above A.

(6)
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Figure 4

)
N

———
P(0.5 kg)

3.15m ®
| O(m kg)

Two particles P and Q have mass 0.5 kg and m kg respectively, where m < 0.5. The particles
are connected by a light inextensible string which passes over a smooth, fixed pulley. Initially
P is 3.15 m above horizontal ground. The particles are released from rest with the string taut
and the hanging parts of the string vertical, as shown in Figure 4. After P has been descending
for 1.5 s, it strikes the ground. Particle P reaches the ground before Q has reached the pulley.

(a) Show that the acceleration of P as it descends is 2.8 m s °.

(©)
(b) Find the tension in the string as P descends.

©)
(c) Show thatm =-%.

(4)
(d) State how you have used the information that the string is inextensible.

(1)

When P strikes the ground, P does not rebound and the string becomes slack. Particle Q then
moves freely under gravity, without reaching the pulley, until the string becomes taut again.

(e) Find the time between the instant when P strikes the ground and the instant when the
string becomes taut again.
(6)
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Figure 4

Two particles A and B, of mass 7 kg and 3 kg respectively, are attached to the ends of a light
inextensible string. Initially B is held at rest on a rough fixed plane inclined at angle € to the
horizontal, where tan 6= -3. The part of the string from B to P is parallel to a line of greatest
slope of the plane. The string passes over a small smooth pulley, P, fixed at the top of the
plane. The particle A hangs freely below P, as shown in Figure 4. The coefficient of friction

between B and the plane is 3. The particles are released from rest with the string taut and B

moves up the plane.

(8) Find the magnitude of the acceleration of B immediately after release.
(10)

(b) Find the speed of B when it has moved 1 m up the plane.
)

When B has moved 1 m up the plane the string breaks. Given that in the subsequent motion B
does not reach P,

(c) find the time between the instants when the string breaks and when B comes to
instantaneous rest.
(4)
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[In this question i and j are horizontal unit vectors due east and due north respectively.]
A hiker H is walking with constant velocity (1.2i —0.9j) ms™".

(a8) Find the speed of H.
)

100m

i) A

Figure 3

A horizontal field OABC is rectangular with OA due east and OC due north, as shown in
Figure 3. At twelve noon hiker H is at the point Y with position vector 100j m, relative to the
fixed origin O.

(b) Write down the position vector of H at time t seconds after noon.

)

At noon, another hiker K is at the point with position vector (9i + 46J) m. Hiker K is moving
with constant velocity (0.75i + 1.8j) ms .

(c) Show that, at time t seconds after noon,

-

HK =[(9 - 0.45t)i + (2.7t — 54)]] metres.
(4)

Hence,

(d) show that the two hikers meet and find the position vector of the point where they meet.

(5)

TOTAL FOR PAPER: 75 MARKS
END
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Q2.

40
3

(a)
X A AY
1.8 m
A
I.5m W 1.5m
M(A) W x1.5+20x3=Y x1.8
Y=§WjLm X
6 3
(b) ) X +Y =W +20
X =ty 40
6 3
(c) éW+m:8(lW——
6 3 6
W =280
Alternative to (b)
M(C) X x1.8+20x1.2=W x0.3
X = w40
6 3

20

CSO

or equivalent

)

M1 A2 (1, 0)

Al (4)

M1 Al

Al ©)

M1 Al ft

Al ©)
[10]

M1 Al

Al
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?\lltenfggp Scheme Marks
15ms™ 25
3. (a) "=”+"’(|)"9"”_g(ﬁ) M1 M(A)1
P 1, % Q ( 3000 kg Al
«— >
3ms™ 9ms™
A3)
(b) v =1 +2as(T)=>0" =17.5* — 2gs M1
s=15.6 (m) or 16 (m) Al
(2)
) s=ut+ia*(N=66=175t-1g’ M1
4.9t* -17.5t+6.6=0 Al
2
t=17.5i\/(17.5 —129.36)=17‘5113,3 DM
9.8 9.8
t=3.142..(22/7) or 0.428...(3/7) Al
T=t,—t =271 (2.7) DMI AL (6)
(11 marks)
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(Nggrensbt';rn Scheme Marks
4, (a) s=ut+tat® = 3.15=lax? MI Al
a=238 (ms_z) * cso | Al (3)
(b) N2L forP: 0.5g-T =0.5x2.8 M1 Al
T=35 (N) Al 3)
(c) N2L for Q: T-mg=2.8m M1 Al
35 5
12.6 18
(d) The acceleration of P is equal to the acceleration of Q. B1 (1)
(e) v=u+at = v=28xl1.5 M1 Al
(or V'=U’+2as = V> =2x2.8x3.15)
(v =17.64,v=4.2)
v=u+at = 42=-42+9.8t DMI1 Al
6
t:7 ,0.86,0.857 (s) DMI1 A1 (6)
[17]
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Question Scheme Marks
Number
5.
(a)
tan9=i
12
s1n6’=i
13
cosz9=2
13
A\
9
For A: 7g GT =7a M1 Al
For B: parallel to plane T GF G3gsiné =3a M1 Al
perpendicular to plane R =3gcosé M1 Al
F=uR=3gcosfd=2gcosd M1
Eliminating T, 79 GF G3gsind =10a DM1
12 5 39
Equation i da: 7g-2gx—-3g—=79g-—g=4g=10a DM1
quation in g and a: 79 —29 T 913 g 139 g
2
a:?goe or 3.9 or 3.92 AL
(10)
(b) | After 1 m,
v: =u? +2as, v2=0+2><2?9x1 M1
v=238 Al
(2
(c) | -(F+3g sinf)=3a M1
2 12 5 . ,
—x3gx—+3gx—=3g=-3a, E=—gl Al
3 J 13 J 13 J J
v=u+ at, 0 = 2.8 G9.8t, DM1
t:% oe, 0.29. 0.286 Al
(4)
[16]
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@ V=412 +(=097 =1.5ms"
(b) | (r, =)100j+t(1.2i —0.9j) m

(©) | (r, =)9i+46j+1t(0.75i +1.8j) m
HK =r, —r, =(9—-0.45t)i +(2.7t—54)j m Printed Answer

(d) Meet when W =0
(9-0.45t)=0 and (2.7t—54) =0

t =20 from both equations

r.=r, =(24i+82j)m

M1 Al (2)
M1 Al (2)

MI1 Al

M1 Al (4)

M1 Al
Al

M1 Al cso
(5)
(13 marks)
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Examiner reports
Question 1

There were various approaches that could be applied successfully to answer this question.
Those who fully understood the implications of projecting from above ground level could
achieve full marks by the most direct method although sign errors were not uncommon.
Another popular approach was to split the motion into two stages (to and from the highest
point) in both part (a) to find the initial velocity, and in part (b) to find the whole time.
Although this required more working, there tended to be fewer sign errors. Premature
approximation occasionally led to inaccuracy in the final answer. The weakest candidates
sometimes only considered motion to or from the highest point. It should be noted that the
rubric requires g = 9.8 to be used and not 9.81, which was penalised.

Question 2

This question was well done by the majority of candidates and was the next best answered
question after 1 and 2. Most made valid attempts at taking moments, in part (a) about A and
often also about C in part (b).The printed answer was an additional help to the less able
students who were able to score the marks in part (b) by using it in a vertical resolution. There
was some confusion in the last part over the interpretation and use of the information given.
Correct statements of simply Y = 8X or else 8X + X =W + 20 were seen but also X = 8Y was
common as were the more surprising X + 8Y = W + 20 and 8X + Y = W + 20, both of which
scored nothing.

Question 3

In the first part, most candidates derived the value of U in a valid way, either by considering
motion to the highest point and using half the given time, or using a displacement of zero with
the full 34 seconds; confusion between the two methods was usually avoided since the answer

was given in the question, although occasionally an answer of ‘35°, obtained from using
inconsistent values for s and t, was divided by two with no explanation. Finding the greatest
height in part (b) was generally well done with the main source of error being in giving an
answer to more than 3 significant figures (not justified with g = 9.8).

In part (c) there were many alternative valid approaches to finding the time for which the
particle was above the given height. Perhaps the most common of these was to set up a
quadratic equation in t. This was generally solved successfully, with occasional sign errors,
but the significance of the two solutions was not always recognised; it was necessary to find
their difference to reach the final answer. Another common approach was to find the velocity
‘v =13.3" at ‘s = 6.6’ and then, either find the time to the highest point (and double), or find
the time to return to that level. Alternatively, the time taken to reach ‘s = 6.6’ was calculated,
doubled, and subtracted from 34 . Although a wide variety of correct working was seen, some
candidates did lose their way and calculated inappropriate values for t. Again, the final answer
was required to 2 or 3 significant figures, although over-accuracy is only penalised once per
question. The use of g = 9.81 was seen occasionally and led to the loss of one mark for the
whole question.
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Question 4

Part (a)

Many candidates seemed to expect that the first part of the question would require equations of
motion for each particle. Once into relevant calculations. however. most candidates were very
successful in obtaining 2.8 m s . The majority of successful candidates attempted this part

directly using s =uf + %m‘z . Others used a two step approach using v=u+at to give v=4.2.

followed by use of another suvar formula to get 2.8. A very few tried a verification method
which did gain them maximum marks at this stage.

Part (b) Candidates generally formed an F =ma equation with the majority obtaining the
correct equation and getting 7 = 3.5N. However there was still a sizeable number who
mistakenly wrote 7- 0.5g = 0.5a =1.4. It is noticeable that despite regular comment from
Edexcel some candidates still use g = 9.81 which leads to marks being lost in a variety of places
where accuracy matters. Part (¢) Many candidates formed a relevant equation. using the correct
forces, reaching the stage of T=3.5=(2.8 + g) m and then went straight to m = 5/18.
resulting in the loss of a mark. For many candidates there is still a lack of dexterity with the
manipulation of fractions. Moreover, there is still a sizeable number of candidates who try to
use one equation of motion for the whole system. despite advice to the contrary in several
recent examiners reports.

Part (d) In this part. modelling was being tested and candidates needed to show that they really
knew what was happening. A large number of candidates gave the correct answer that “both
particles move with same acceleration” . gaining the single mark available. However candidates
who tried to play safe and included another irrelevant reason. such as same tension. had not
shown full understanding of the model and therefore were penalised. Other wrong answers
included saying that acceleration was constant.

Part (e) Here, candidates first needed to find the speed of the system when the particle hit the
ground. This required the calculation of v = 4.2 which some candidates merely quoted. This is
the part of the question where candidates began to lose marks and common errors at this stage
included using an incorrect value for acceleration. The question then continued with testing
vertical motion under gravity. Successful candidates used a variety of equivalent methods.
Some worked out the time to the top . followed by a calculation of distance followed by a
calculation for time to fall back to launch point. followed by the addition of the two times.
giving the answer to the correct degree of accuracy. Some took a more direct approach and used
s=ut+Lat’ or v=u+at. for the whole of the remaining motion i.e. up and down. Many

only found the time to the top and lost the final two marks. Common errors involved use of
incoirect accelerations, displacements and times. Again candidates seem to want to work in
decimals rather than in fractions. Candidates should be encouraged to make greater use of
diagrams.

Question 5

Despite the lack of structure in part (a) most candidates knew the methods required. Many
gained the marks for resolving perpendicular to the slope and for using F =2 R. The equation

of motion for the 7 kg mass was also often correct, but a common error was to replace T by 79
when resolving parallel to the plane. Sometimes a term, either friction or the weight
component, was omitted from this equation. Although some candidates failed to complete
successfully all the substitution and rearranging required to find the acceleration, there were a
number of entirely correct solutions. An appropriate constant acceleration formula was
generally used for the velocity in part (b), although an incorrect answer from part (a) led to
loss of the accuracy mark. In the final part, many did not manage to find the new acceleration
by a valid method; some used the value from part (a) or quoted ‘9.8 without any justification,

Silver 3: 8/14 13
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whilst others realised that a new value was required but omitted a term from the equation of
motion. Amongst those who resolved the two forces, a number had friction acting in the
wrong direction. There were a small number of entirely correct solutions seen.

Question 6

Most candidates were able to gain the first six marks and most seemed to know that, in part
(c), they needed to perform a subtraction on ry and rg although some were unsure which way
round to do it. Another common error was to equate the position vectors and then fudge the
answer. This received no credit.

In part (d) many candidates assumed that the hikers would meet and equated just one pair of
components to produce t = 20. If they then used just one hiker to find 24i + 82j they scored
only 2 out of 5, if they used both hikers, they scored full marks. There were a number of other
ways of obtaining t = 20, some spurious, but provided that the candidate verified that both
hikers were at the point with position vector 24i + 82j at t = 20, they could score all of the
marks.

Statistics for M1 Practice Paper Silver Level S3

Mean score for students achieving grade:

Original
D a?per Qu 2’(':%3;2 S'\é'g‘;(e Moe/f” ALL A B C D E U

0801 1 5.90 8 74 590 682 580 520 468 3.86 3.05
1001 2 7.38 10 74 738 921 7.89 648 445 2838 124
1201 3 7.28 11 66 728 899 742 617 493 410 201
0706 4 1037 17 61 1037 1452 11.87 951 7.20 512 2.20
1101 5 9.10 16 57 910 1227 875 6.0 417 2.87  0.99
0906 6 7.96 13 61 796 1138 899 699 521 401 182

47.99 75 64 4799 6319 50.72 4045 30.64 2284 1221
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