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Do not write outside the boxed area on each page.

Complete in black ink only. Do not write with a gel pen.

All working must be clearly shown in the spaces provided. Marks may be awarded for partially
correct solutions.

Where rounding is necessary give answers correct to 2 decimal places unless stated otherwise.
Take g = 10 m/s* when required.

Answer all six questions.

| INFORMATION FOR CANDIDATES
The total mark for this paper is 50.
Figures in brackets printed down the right-hand side of pages indicate the marks awarded to
each question or part question.

You may use a calculator.

The Formula Sheet is on page 2.
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MECHANICS

Quadratic equations:

Vectors:

Uniform Acceleration:

Newton’s Second Law:

11823

FORMULA SHEET
Ifal+bx+c=0 (a # 0)
2
ey = -b+ \/é)a—4ac

Magnitude of xi + yj is given by /x?+ )?

Angle between xi + yj and i is given by tan™' (%)

v=u+at s= 3(u+ )t
v =u? + 2as s = ut +yaf*
where u is initial velocity tis time
v is final velocity s is change in displacement

a is acceleration
F = ma

where F is resultant force m 1S mass
a is acceleration
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1 (i) Define a vector quantity. Include an example in your answer.

Definition A vebwr quantiby has  maqnibude asd  divection
L J J

Example _ acceleraton

Example Spe ed .

(1]
[1]
(ii) Define a scalar quantity. Include an example in your answer.
Definition A Scolar has  Magn tude only
d J
[1]
(1]
[Turn over
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2 A body is initially at an origin O and is travelling with an initial velocity of
(—3i + 2j) m/s.

It moves with a constant acceleration of (4i — 6j) m/s? for 4 seconds.
Calculate

(i) the displacement of the body from O, in vector form, after the 4 seconds,

S =
. 5= ub o+ Lad’
W = (_3‘+1:]) T .za
v = #!('3;4{,.) + .-;-x(af_‘j)qu
= (B -6)
be Iy ! = =27 +3?j ¥ 311'-14-?/‘
" (200 - wo)) m
Answer L0 ¢ “""Odf m [3]
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(ii) the speed of the body after the 4 seconds,

. — Find v frech .
u” ZOt-‘L‘-OJ V= n+at
= -3¢ 4 ZJ
o (30 a2)) + wx(4i-¢))
j ’-h.'—‘CJ e
by J
V&loc‘fJ = /34 - 22J‘
[ -
fpud = 1/(:3)" + (12)"
= 29 -55;\.5‘-‘
Answer 25-693 m/s [4]

(iii) the angle the velocity makes with the positive x-axis after the 4 seconds.

11

N
/

= 34 - 2

A

2%

Tan® = 2 = 22

P

A I3

g-= Ty [55)
& =494

Answer 59 2 ° 2]

[Turn over
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3 Ablock of mass 5.8kg is initially at rest on a smooth horizontal table.
— — "  Ne ffu(t'lm

The block is then pulled along the table by a string with a force of 17N. The string
makes an angle of 33° to the horizontal, as shown in the diagram below.

R
5.8kg
58 n
(i) Mark, on the diagram above, the other forces acting on the block. [1]
(Mark Novmal rtaction , R
Calculate aad u:.au’ i ‘;Sdl ml';,ﬁ davwadard s\

(ii) the normal reaction between the block and the table,
R+, 1s5in33

—>
|TTeos 3

M

hin

Rcs-lu(l\ R+ 1Nsm33d = 8Y
Q = ‘58 = ljttﬂ’ss

= 43N
Answer 4y -1¢ N [4]
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(iii) the acceleration of the block,
F = mMma
[T o5 33 = 58 x &

A 11 s 33 — 5%

3]

a = .2“1‘-‘»«5-3

Answer

Ne ‘Ffd’hﬂ\ -~ Mo lesichuna a.,f'-uy

aJ“‘N” &VWJ ,F'y“ ) F

.24'4 m/s? [3]

(iv) the speed v of the block after 5 seconds.

5 =
w =0
_ V= w+ab
v 3 ¢
“ = g.u Z 0+ 240 x
1= S [4-3 "W.f'l
Answer

/2.3 m/s [1]
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4 Auniform rod AB has length 3.2m and mass 4.6kg.

It is suspended from a ceiling by two inextensible strings attached to points C and D
on the rod.

The distance AC is 0.6 m and the distance DB is 0.4 m, as shown in the
diagram below.

GoN wbn fon

A mass of 6kg is attached to the rod at the end A and a mass of 8 kg is attached to the
rod at the end B.

The rod remains horizontal and in equilibrium.

(i) Mark, on the diagram above, all the forces acting on the rod. [2]

11823
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(ii) Calculate the tensions in the strings at C and D.

-

5%

Meoments alout C
— Difom— — O l-;.._-,re-o-l..-a

bop Yo ¥or

C\f? (4o x 1:0) + (Box2.6) = (Tax 22D + (6o x b:¢) (Acy

T, = 49.04lwv

P
-
W
=

T % Ty 2 bo + 4¢ + Bo

T, = 13¢—-94-04a1

T, = 869l
Answer Tension in string at C 8¢9/ N
Tension in stringatD 99 -09 N [6]

~

[Turn over
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5 A car of mass 850kg tows a trailer of mass 350kg along a straight horizontal road.
The car and trailer are connected by a light horizontal towbar.
Trailer Car
350kg 850kg
o) I =N
© ©
The resistance to motion of the car is 1.2 N per kg.
The resistance to motion of the trailer is 0.95N per kg.
The car and trailer travel at a constant acceleration of 0.9 m/s?
Calculate
(i) the tension in the towbar, —> 0. Qms -
[0 5
- 350k |7 ;— 8350 icq L F )
°ESK3$O l-}.x CALY
= 332.5\N = lo2od
Rl { ee:u::«\ -

11823

- M x (oW

_T-—%-ﬁl‘s = 3L x 09

T = e T u

Answer Cy7.5 N [3]
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(ii) the tractive force of the engine of the car.

(!Zelultbnl')
Car F = m x a

F - {‘T+ lo2e) = &S50 x ©-q
F - [ee7-5 < T¢8

F = 2433 .5 N

Answer 1432 -5 N [3]
The car and trailer started from rest.
Eight seconds later the towbar breaks.
(iii) Calculate the speed of the car when the towbar breaks.
£ =
Ve w 2+ ab
w = 0
= 0 + 0°9x8
v =
N O
@ = P q
t = &
Answer 12 m/s [2]
[Turn over
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(iv) Calculate the speed of the car 12 seconds after the towbar breaks, given that the
tractive force of the car and the resistance to motion of the car remain unchanged.

lozw<——r8;:]-——) F CZH‘%Z &)

B o

Whan Towber brgaks .

New Value +for

F-— 020 = 25‘0 - ot y
deccelegralion

2432.5 ~ 1020 = ¥30 &

e = [.6¢L
%= V- w +al
w = 1.2 (Lm hoal V witn ‘f’od[ku) = 1.2 + |63y xi2
vz 1! =270 ms™’
@ = [ef¢2
b= 11

Answer 27. 1y m/s [5]
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6 Ablock of mass 7kg lies on a rough surface inclined at an angle of 27° to
the horizontal.

The force due to friction is 18.7N.
Which of the following options would produce the greatest acceleration of the block?

You must show working to support your answer.

Option A The block is allowed to slide down the slope. = FRicTiON A<ts uP

~ =
d‘ y ,\ \8 A THE PLANE
N e @

‘,@,O
27° By
ION
‘- A
\B
F = Mm@
. 7051:11‘7 "ls“] = 7@,
o"“} a = i
A = [+ §7 ms
AN,
mo',\
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Option B The block is pulled up the slope with a force of 64.4N. /

()#’r\t.hw aohn.-‘ hmn P‘Wt— 644N

L™ F = M o~
b4 - 4 —(fs."‘.,.'?aSmI‘I) =
<1
& = [ 99 ms
VAANA
S e
3 N ,\ou‘
o
" X

Answer Option R [7]

obTion A > &= 1ETmit

oprion B —> = 1'4a mit

THIS IS THE END OF THE QUESTION PAPER
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