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1. A car of mass 1200kg moves up a straight road that is inclined to the horizontal at an

angle o, where sina = —

15 e
. . P . s

The total resistance to the motion of the car from non-gravitational forces is modelled as 9
a constant force of magnitude R newtons. :F‘E %
12 R
At the instant when the engine of the car is working at a rate of 32kW and the speed of S 1
the car is 20ms!, the acceleration of the car is 0.5ms> ‘:E X
e 55
Find the value of R oo

‘A
5) 2

. =)
JL‘LQM v ox :»:; 3
e— ; V . X %
2 058 To get D we will use Powor s

10% '
,, /'g , Tormulo. for Power:
09°
wo Power (w) ~ P= Dy
. ) . . B8
A\)/"%N Drwina .[nueCN)JLQLQUIng\ 1) S
P=326W ~x 1000~ 32 000w | Substituse: S
0=0 N 32006 =200 2
v=20ms' D=4600N M1 S
/fté‘ S
inc (R \ ing, zma ;E
. e
D= = 12004510k = 1206 (0.5) M1A1 ‘E
1600~ - 1200g(%) = 600 ki o
1600 - 80g - 600 = @
L
1000 - 80(4.8) = SR
S
1000 -84 =216 855
R=2{6 N value of R Al
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Question 1 continued

(Total for Question 1 is 5 marks)
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2. Two particles, 4 and B, have masses m and 3m respectively. The particles are moving in
opposite directions along the same straight line on a smooth horizontal plane when they
collide directly.

<
Immediately before they collide, 4 is moving with speed 2u and B is moving with g
speed u. 'E"
The direction of motion of each particle is reversed by the collision. :_£|
m
. : : . 9mu 2
In the collision, the magnitude of the impulse exerted on 4 by B is 5:|
v
(a) Find the value of the coefficient of restitution between 4 and B. ,’;
(7) =
(b) Hence, write down the total loss in kinetic energy due to the collision, giving a
reason for your answer.
(1)
(8)Diagram
Before S | After
“Vva )
C%) th) — we're that the particles change divection, o
2
.. assume that in your diagram! o
m 3Im m 3m J o =
=
&
We con use the consevvakion of lnear momentus to get thms. 1M1 -
consevvakion, of Lnear momentum  meons: the totod momemkuwm befove the f'
collision s the same as the total momentum ofter. %
5
m
=
Substitute:
PMQu) + 3m-d) = PA(-VUad +3palVg)  cancel m's A4
2w -3u = -va+3vg
-u =3VB-VA €q.1
We con wuse MNewton's Low of Restiturion to get an equation. 1 9
Newten's Low of Restitunon stakes thak: when two objects collide, their speeds afier 2
the collision depend on (1) Speeds Defove the collision and (2) the mokeriak {¥om which they’re made. ;
o
=
m
Z
. ~
Substivuke: '”_e“‘:l‘é:!"t T
‘el2u=-(-w) = vB-(-Vm :
)
3eu= vax+Vg Eg.2 m
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Question 2 continued

3eu-u-= 1-\:5

Ul3e-1) = Vg  Speed of & atter
4

velocity after
IT=m(v-u)

\. velocity before

- M (20-4) ~ (-
I: 3m(4_tsg 1)~ (-w) M1A1

ein _ 3oa(3e4 - Lusu) Concel ws
2 4+ 4

au . 3 (3¢ 3u) canel u's (B4

\.

J

O
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Question 2 continued
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3
3. Aplane is inclined to the horizontal at an angle o, where tana = 2

A particle P is held at rest at a point 4 on the plane.

The particle P is then projected with speed 25ms™ from 4, up a line of greatest slope of
the plane.

In an initial model, the plane is modelled as being smooth and air resistance is modelled
as being negligible.

Using this model and the principle of conservation of mechanical energy,

25
(a) find the speed of P at the instant when it has travelled a distance ?m up the plane

from 4.
“4)
In a refined model, the plane is now modelled as being rough, with the coefficient of
friction between P and the plane being %
Air resistance is still modelled as being negligible.
Using this refined model and the work-energy principle,
(b) find the speed of P at the instant when it has travelled a distance %m up the plane
from 4.
g F | . )
j - Qindj_éss_
.
8
M O A Cms
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Question 3 continued
(a) Diagram to get n:
9% /' 5/ 3
’g‘ h *c !‘:3 ﬂs"ﬁuzg _s'“!“--—
0 asa a S
oir resistance) remains constant
he mechanic K Y S av. potential
'55; + &ELE| = KEF\+ (Sp€5
\ initial Kinetic ififiadQrav.  (inal kinetic
S potentiak
s
| FeFormulos for KE and GPE rahasin
fa : -
S KE=1 wav?  velodty GPE= mah — he\qoht
: Z 1 | J ) J ?1
mass mass’ L 9 = 9.8ms
Substitute : )
}L,,_(zsﬁ = v wigh | m's  MYA1
ix =lyt+qg (s A
Z 2
625-q=y?
vz 14-m§'__speed Al
. _J
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Question 3 continued

(n

K Work- Energy Principle: 0n increase of KE/GPE is cawsed by an equol amownt of f;\
sifive work done on the bodu(e.q.engine) nd o. decrease of KE/GPE  is cowsed by on 5
of neqakive work done on (e.a. Lnchon). §
—_— S
ﬂLNmumMmJiLMmﬂ:ﬂw@&ﬂnm&mg____rjmigm&gMHMu m
Jﬂ\ef' wbD tKEj + H + + e 58
R A | N o
work do t ({1} av ineti ork \ost to fricty ,,: %
potential fina) grav.potential |
OR: ' ) it N = * XS
I I L L \

work i e Subty { \{mnl binetic

potential

D' ! ﬂ! (' ! Ii ‘. . )
Y : -
9;’ = Since it's moving, Frpy=pR

Uy X . u =0, R=m = : M1A1
& = gm from (a) _—
N GPEz0, asa v o :
refevence point z S_g_mgz_’-_
my "R s 5™

N osi . WE-arinciple : d ]l‘ M1 /
I 2 0- - l"'lﬂgh-’:%m $romn (@) A

2 Eg 9 2 )
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2 2 S
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Question 3 continued
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(

4. A particle P of mass 2mkg is moving with speed 2ums! on a smooth horizontal
plane. Particle P collides with a particle Q of mass 3m kg which is at rest on the plane.

The coefficient of restitution between P and Q is e. Immediately after the collision the :
speed of Q is vms™! ; ;
2
(a) Show that v=————= Speed of frer. =
2
(6) -
=
4 8
(b) Show that — < v < — 2
S S &
) S
@) :
Given that the direction of motion of P is reversed by the collision, SR
(c) find, in terms of u and e, the speed of P immediately after the collision.
(2)
After the collision, Q hits a wall, that is fixed at right angles to the direction of motion ;
of O, and rebounds.
. L 1 e
The coefficient of restitution between Q and the wall is P e
j/iz
Given that P and Q collide again, E ;
SH
(d) find the full range of possible values of e. /ﬁ
S
Sy
B
B0 e 190
& m
>
s
o
g X
o
=
$ansss
=
e
Soo 5%
@
)
830 11 Jo%e
090
. J g

12

R0 TR armm
p 7 2 0 91 A 01 2 1 6



(

Question 4 continued

(a) Diagram_ e

<
o __ Befove e Alrer
< -
@ 0 e,
®
=
AL
oo
<
=
2
N o)
Q
* s
inite k'\ veloci
Substituke :
Ao (2u) + 3 z Vp) + ) m’s

Formudo: e(ll)-0g)= g -¥,

C . J°
coeggiciwmguwgl;‘&ed

e(2w-0)= Vq-Vp

IUL:\IQ -\lp_éq.?. Al

 DONOTWRMEINTHISAREA

= + n
= b X 2\ = —l\l't; d M1
4ut+dew=5VQ
% irer=vg hence chown A
b
(s
<
§ () We know thak  OSest - M
z ‘ls!(uo)s\uc ‘;uum
= - 4 cysBu henee shoun Al
o s 5
=
s
o}
2
o
o
2 L J
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Question 4 continued

lc) Let’s ger Vp:

4uz 2vp +3(mC1%0) = we're wsing the (LH equation from (a)

4u-%u(14-e3 = 2vp
Zu—-g-u(ue)- Vp

4y _ 6oy =
ogees
%uLz;ae)i\qL speed of P MAAY
(d)
As P S UP <0

Zu2-3e) <o
2-3e <o
G <& pavt A ofthe nequality
To qet the speed of Q after the collision witn the wau, multigly by e(-é') and Veverse the
direction by muthplyiog by -4,

z-Zulised=wg M
For P and @ +o collide aguin, Wg must be move egakive than Vp (since both ave moving in
the negakive direction ond we want the mognitude of wg tobe larger.
s Wg<vp M1
“RMOe) < Zuiz-3e)  cancelu’s M
-(4+@)¢ .“%‘x%’(z-eel
= (A+e) ¢ 3(2-3e)
-4-e ¢ 6-9e
Bec?
A1 34 paxt 2 of the inequality
Put the 2 parts of the inequality together:

2 ¢ecd fuu range of e @A

14

p 7 2 0 91 A 01 4 1 6
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Question 4 continued
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Question 4 continued

(Total for Question 4 is 15 marks)

TOTAL FOR FURTHER MECHANICS 1 IS 40 MARKS

16

p 7 2 0 91 A 01 6 1 6

O

o

KRERZLK
XX

S

RS

Q6K
3RS
3RS
X%
e

355
o
RS

0
199 tetel
T4 0
et
’&\0‘

SR PAXS
000, Jeoo
R
$
SRS
Sl S
DS
S
POss, & 10093
S,

Ko
SRRGS
SO
v

=
Dosore w100
:’Q .’:::
fodozezeole!
pootezeL to
S S
ZXIIBSS
RKRIRARR
Ssss
Ko XX

QKRR
£58
[
ot
0
XS

14 5
St oke
88K

%7
geteleleze
GRS

o
e

e
XX
oo’

06
%
s
X2
XK
6%6%!

<
3%
9%
%S
2959,
55

25
%
oot

%

X

SRR
555
RRRXS
%!

..
RIR
HHILLL
%S %5
SEBIIIS
DOSototetesesetetetotess
Rotototoret

o
055

%
%
ORRSRHXRK
ZRLRRLRLLRRLRKL

003

&L

%N\

25

e odeele!
e otete!
:.0.0.0

2o
SO
ee%ee%

9%
o
5%

N
KR
KR

J
0o

> 0%
Y
1
A
4,
%
bteS

1
o

o%
%

3
V:Q
X

<
<

crfil
XV}
SO

9% X
%
B8

%8
558

%
S
O

RIS
%!
S

X
O





