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1  Abus of mass 8 tonnes is driven up a hill on a straight road. On one part of the hill, the power of the driving
force on the bus is constant at 20 kW for one minute.

(i) Calculate how much work is done by the driving force in this time. [2]

During this minute the speed of the bus increases from 8ms ' to 12ms " and, in addition to the work done
against gravity, 125000J of work is done against the resistance to motion of the bus parallel to the slope.

(i) Calculate the change in the kinetic energy of the bus. [3]
(iii) Calculate the vertical displacement of the bus. 4]
On another stretch of the road, a driving force of power 26 kW is required to propel the bus up a slope of
angle @ to the horizontal at a constant speed of 6.5 ms ', against a resistance to motion of 225N parallel to
the slope.

(iv) Calculate the angle 6. [6]

The bus later travels up the same slope of angle 6 to the horizontal at the same constant speed of 6.5 ms'

but now against a resistance to motion of 155N parallel to the slope.

(v) Calculate the power of the driving force on the bus. 2]
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3

The shaded region shown in Fig. 2.1 is cut from a sheet of thin rigid uniform metal; LBCK and EFHI are
rectangles; EF is perpendicular to CK. The dimensions shown in the figure are in centimetres. The Oy and
Oz axes are also shown.
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Fig. 2.1

(i) Calculate the coordinates of the centre of mass of the metal shape referred to the axes shown in
Fig. 2.1. [4]

The metal shape is freely suspended from the point H and hangs in equilibrium.
(ii) Calculate the angle that HI makes with the vertical. [4]
The metal shape is now folded along OJ, AD and EI to give the object shown in Fig. 2.2; LOJK, ABCD and

IEFH are all perpendicular to OADJ; LOJK and ABCD are on one side of OADJ and IEFH is on the other
side of it.

et 1

Fig. 2.2

(iii) Referred to the axes shown in Fig. 2.2, show that the x-coordinate of the centre of mass of the object
is —0.1 and find the other two coordinates of the centre of mass. [6]

The object is placed on a rough inclined plane with LOAB in contact with the plane. OL is parallel to a line
of greatest slope of the plane with L higher than O. The object does not slip but is on the point of tipping
about the edge OA.

(iv) Calculate the angle of OL to the horizontal. (4]
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3 A thin rigid non-uniform beam AB of length 6 m has weight 800 N. Its centre of mass, G, is 2m from B.

Initially the beam is horizontal and in equilibrium when supported by a small round peg at C, 1 m from A,
and a light vertical wire at B. This situation is shown in Fig. 3.1 where the lengths are in metres.

wire
1 C 3 2 1 C 3 2
AT O & B A~ O G
Fig. 3.1 Fig. 3.2
(i) Calculate the tension in the wire and the normal reaction of the peg on the beam. (4]

The beam is now held horizontal and in equilibrium with the wire at 70° to the horizontal, as shown in
Fig. 3.2. The peg at C is rough and still supports the beam 1 m from A. The beam is on the point of slipping.

(ii) Calculate the new tension in the wire.
Calculate also the coefficient of friction between the peg and the beam. 7]
The beam is now held in equilibrium at 30° to the vertical with the wire at 8° to the beam, as shown in

Fig. 3.3. A new small smooth peg now makes contact with the beam at C, still I m from A. The tension in
the wire is now 7' N.

Fig. 3.3

(iii) By taking moments about C, resolving in a suitable direction and obtaining two equations in terms of
6 and T, or otherwise, calculate 6 and 7. 71
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A large nail of mass 0.02 kg has been driven a short distance horizontally into a fixed block of wood,
as shown in Fig. 4.1, and is to be driven horizontally further into the block. The wood produces a
constant resistance of 2.43 N to the motion of the nail. The situation is modelled by assuming that
linear momentum is conserved when the nail is struck, that all the impacts with the nail are direct and
that the head of the nail never reaches the wood.

head of the nail

Fig. 4.1

The nail is first struck by an object of mass 0.1kg that is moving parallel to the nail with linear
momentum of magnitude 0.108 N's. The object becomes firmly attached to the nail.

(i) Calculate the speed of the nail and object immediately after the impact. 2]

(ii) Calculate the time for which the nail and object move, and the distance they travel in that time.

[4]

On a second attempt to drive in the nail, it is struck by the same object of mass 0.1kg moving parallel
to the nail with the same linear momentum of magnitude 0.108 N's. This time the object does not
become attached to the nail and after the contact is still moving parallel to the nail. The coefficient of
restitution in the impact is %

(iii) Calculate the speed of the nail immediately after this impact. [6]

A small ball slides on a smooth horizontal plane and bounces off a smooth straight vertical wall. The
speed of the ball is u before the impact and, as shown in Fig. 4.2, the impact turns the path of the ball
through 90°. The coefficient of restitution in the collision between the ball and the wall is e. Before the
collision, the path is inclined at & to the wall.

wall

plan view

Fig. 4.2
(i) Write down, in terms of u, e and @, the components of the velocity of the ball parallel and
perpendicular to the wall before and after the impact. [3]
. _
(ii) Show that tan o= 7 [31]
(iii) Hence show that a > 45°. 1]
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Question Answer Marks Guidance
1 In this question, penalise use of 8 instead of 8000 only in (ii) and final mark
in each of (iv) and (v)
1 @) 20 000 x 60 M1 Use of WD = Pt. Allow use of 1 for 60 and 20 for 20 000
=12000007J (1.2 MJ) Al isw
[2]
1 | (i) Yo x 8000 x (122 - 8%) M1 Use of difference of non-zero KE terms ONLY
B1 Use of 8000
=4000 x 80 =320 000 J (increase) Al cao Neglect reference to increase.
[3]
1 | (iii) 1 200 000 =320 000 + 125 000 + 8000 x M Use of W - E. Must include their (i), PE and at least one other term (KE
9.8xh terms count as one)

B1 Use of mgh Award for g written instead of 9.8
Al All terms present and correct. Accept sign errors

h=9.63010... s09.63 m (3 s.f.) Al cao
[4]
1 | (@v) P=Fvso26000=6.5F M1 Use of P=Fv
and F =4000 Al
Using N2L
4000 — 8000 x 9.8 x sin @ —225=0 M1 All terms present. No extras. Allow sign errors; allow sin <> cos

Al All correct; allow missing g in weight term
Bl weight term correct

0 =2.759888... so 2.76° with the horizontal Al cao
[6]

) EITHER 26 000 + (155 —225) x 6.5 Ml
=25545W Al
(2]
OR (8000gsin@+155)x6.5 M1 | Allow only sign errors
=25545W Al

2]
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Question Answer Marks Guidance
2 | () y 3 1.5 .
20 - 16 | +4 4 M1 | A systematic method for at least 1 cpt
Al Either all y or all z values correct or 1 vector term correct
20 y >4 Need not b licit
SO =
- 0 eed not be explici
Hence y=2.7 Al
and 7=1.6 Al Allow FT for either if only error is common
[4]
2 | (i)
H
4+2-1.6
—44 k G
27-1=17
Ml Identifying correct angle. May be implied
B1 At least 1 relevant distance found. FT (i)
tan 6 = 4% M1 | Use of arctan their i1 or % o.e.
so @ =21.1247...5021.1° (3 s.f) Al cao
[4]
2 | (iii) X 2 -0.5 -1.5 0
201y |=4/1.5|+2) 0 |+6] 4 |+82 M1 | A systematic method for at least 1 cpt
z 2 1 1 1
Al Either all X or all y or all z values correct or 2 vector terms correct on RHS
Al Completely correct expressions seen for all components
X -2
201y |=| 46 Need not be explicit
z 24
Hence X =-0.1 El
y=23 Al
Al
and Z=1.2
[6]
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Question Answer Marks Guidance
2 | (iv) Letc.m. be at G
To be on point of tipping G is vert above OA B1 May be implied
G |
12 mi B1 Appropriate lengths found. FT (iii).
0.1
For G to reach the vertical the bracket Ml Use of arctan their & or = o.e. or take moments for component parts
must rotate through «
where o= arctan &
so angle is 4.76324... s0 4.76° (3 s.f) Al cao Note that 85.24 will get 3/4
[4]
3 (@) In these solutions R N is reaction at peg and
T N the tension in the string
a.c. moments about C
5T-3x800=0 M1 Moments with all forces present
so T=480. Tension is 480 N Al
T T+R-800=0 M1 | May take moments again
so R=320. Normal reaction is 320 N F1
[4]
3 | (i) a.c. moments about C
5Tsin 70 —3 x 800 =0 M1 Attempt at moments with resolution. All forces present. Could use (i)
so T=510.80533... so511 N(3s.f) Al
R =320 Bl Accept WW. May derive again.
Friction is F «
« F—Tcos70=0 M1 | Resolve horizontally; allow sin <> cos
(so F=174.7057...) Al Correct expression seen
max Ml
“77R
= IBI8T.. = (0.54595... s00.546 (3 s.f) Al cao
[7]
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Question Answer Marks Guidance

3 | (i)

a.c. moments about C

5 x Tsin #—3 x 800sin 30 =0 Ml Attempt at moments: requires at least T or 800 resolved

so Tsin =240 Al Any form

up the beam

T cos 8—800cos 30=0 M1 Attempt at resolution or moments to establish a second equation in T and €
so T cos@= 400 /3 Al Any form

Dividing

tan 0= 0.3464101... Ml Dependent on at least one of previous M1's being earned

so T=733.212111s0 733 (3s. 1) Al cao

s0 8=19.1066... so 19.1 3 s.f) Al FT

[Award 1 of @and T found cao and 2™ FT]
alternative method
Use of concurrence to find 6 Ml A clear attempt

Al A clear diagram showing R,T and W

M1 Indicating all the required values and the correct angle
6=19.1066...50 19.1 (3 s.f.) Al
Finding an equation connecting T and 6 M1 Attempt at moments or resolution

Any fi
T=733.212111 s0 733 (3 5. Al ny form

F1
[7]
4 | (@ |@® (0.02+0.1)V =0.108 M1 | PCLM: must be sum of masses on lhs
soV=0.9 and speed is 0.9 ms™' Al Accept no direction given

2]
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4 |(a) | (i) | method1
2.43t=10.108 M1 Equate given LM to impulse of the resistance
= 45 50 4 5[0.0444 (3 s.f)] Al | 0.04 gets A0
Acceleration constant so M1 Using s=0.5(u+v)t or use W-E
$=1x(0.9+0)x==0.02500.02m Al
[Could use both W-E and I-M in either order or either with suvat for
MI1AT1]
method 2
N2L «:-2.43=0.12a Use N2L to find acceleration
a= —20.25
Whichever of t and s found first, FT to second calculation; also FT a
0.9=20.25t M1 Using (N2L and) suvat
time is = s [0.0444 (3 5.f.)] Al Accept sign errors
$=3x(0.9+0)x 3% M1 | Using (N2L and) suvat
distance is 0.02 m Al Accept sign errors
[4]
4 | (a) | (iii) | Speed of object is 0.108/0.1 s0 1.08 m s Bl
take +ve «
PCLM
0.108 =0.02vx + 0.1 Vo M1 PCLM
Al Any form
NEL
V-V, 1 .
—_— = M1 Fraction must be correct way up
0-1.08 3
F1 Any form. FT their 1.08
Solving forvy: vw =1.2s01.2ms . Al cao. Accept no direction
[6]
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4 | (b) | () | Upandtowards plane +ve
Before parallel: u cosa; BI Both
perp:  Using
After parallel: ucosa B1 FT
] . FT (direction must be clearly indicated: a diagram with correct arrows is
perp: —eusina B1 .
sufficient)
[3]
4 | (b) | (i) | velcpts Ucosa
after impact . M1 Any relevant argument: position of a 0.e. must be explicit
eusina
tana = “C(?S“ Al 0.e.
eusina
1 ) 1
tana = =>tan g =—=tanag =— El
etana e Je
[3]
4 |(b) | (i) | eSl=>tana>1=> a >45° El Convincing argument with no errors seen
[1]
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