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0.8m

A small book of mass m is held on a rough straight desk lid which is inclined at an

Figure 1

. 3 . .
angle a to the horizontal, where tana = Y The book is released from rest at a distance

of 0.5m from the edge of the desk lid, as shown in Figure 1. The book slides down
the desk lid and then hits the floor that is 0.8 m below the edge of the desk lid. The

coefficient of friction between the book and the desk lid is 0.4

The book is modelled as a particle which, after leaving the desk lid, is assumed to move

freely under gravity.

(a) Find, in terms of m and g, the magnitude of the normal reaction on the book as it

slides down the desk lid.

(2)
(b) Use the work-energy principle to find the speed of the book as it hits the floor.
-t )
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Question 1 continued

DA R ¢
work do t in av

{ina) grav.potential

, - (
ok CRRIID - EE) &7 ~ WD by riction. = KER -~ GIEF
dnanlmmeg._\mnnA%L btva (

potential

Work final kinetic

potential

=1 2 N = _/Cho‘\qe -
| N
mass mqss) L %:‘\.‘Bm{‘
—Diagram
o AL 0.5 .
5Mg 0.5m Substitute .

lasa ’;‘e&umc s':&&-;- N, m}_’:equn&i.‘h;i% hz03m
- bet
since it’s moving, Fmox=pR
+04 % $mg= 0.32mg
Substitute:
Mg(0.3+0.8) -0.5(0.32mg) = ymV*
MAMAAL 1ndg-0\6mg=£mu?  cancel m's
094q= Lv?
1.88g=v*
v:4.2ams’ to3sf A1
speed when it hits the floor
3
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Question 1 continued
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Question 1 continued

'ole 28}
ot
SIS

prosstatass
< X
=

SRBDL

e

SERLLS

x>
Sotototeses
ooteteteteset
XX
%

69%
S
%

o0

65

5
o2

:i

oo
25
55

(XXX
3K
Pgogesesetet
S
SOt

KKK
‘ﬁﬁg
oo¢

55
XXX

KRR
KKK
QKK
e %%
K

3%
XX
ORKKEK

SRR
X
%%

&S
5
o0
%
XX

KR RRLRLAKY
=S
CRES

A
B
y 4
2

%
5

XX
X XX
oo
2
‘p

00999,
toletetets
PH
2%
<

090%%%
q&ﬁﬁ%ﬁ

9%

L

00009,
ohele

KR
RS
Re%ete%
AK
I
%

9%
otofs
P

o%
51
4}
o

XX
A
¥

09%0%%
Josetete:
O
S
K

%

0% %
09055 %% %%
SRS
N9
K

9%
9%
QKK
RKK
R

%

O 0000,
3R

25
$0009%s
%

55
ool

%5
KK
2L

000
00s
KKK
’0
Qp
ol Qp‘

40502
R
3R

$

X
s

5

XS

2
%
255

~
2

XX

255K
255

<K

ootets
RIS

pasatatote!
GRS

RIS
SRS

0
3%&

KRS
oo

<
3}
SRXX
XXX
35
e

o0te%otete!

(Total for Question 1 is 7 marks)
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Figure 2

YIUV-SIHI NI ILINM LON.O

A particle of mass em is at rest on a smooth horizontal plane between two smooth fixed
parallel vertical walls, as shown in the plan view in Figure 2. The particle is projected
along the plane with speed u towards one of the walls and strikes the wall at right
angles. The coefficient of restitution between the particle and each wall is e and air
resistance is modelled as being negligible.

Using the model, U
(a) find, in terms of m, u and e, an expression for the total loss in the kinetic energy of g
the particle as a result of the first two impacts. /8

3) e

SRS

Given that e can vary such that 0 < e < 1 and using the model, /r:;'
e s

(b) find the value of e for which the total loss in the kinetic energy of the particle as a f?i
result of the first two impacts is a maximum, e

“4) G

o0, %0

(c) describe the subsequent motion of the particle. g
@) e
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Question 2 continued

(a) Diagram
Before Atter 15* Apter 2"
> & w5
@) @) @)
em em em

Using NLR toget v:
—smultiply by e and veverse direction by multiplying by -1
-eusy 1" callision
(-ewix-e =W

wd

wz=e*w 1™ collision

for WKinetic €nevgy: B

Substitute.
AKE: KEg - ke';'sic e, r°"" yrd
= ; (emi(w) ° - —(em](e w?

= emu® _ emo%yt)
Z
- emu" e"muz

= _m\L(g_LLT_J.oL A1

(b) To get moximum KE (ost, let’s duifierentioke owr omswer to (@) wrt. e
AKE = Smulte- e’)
ABKE . Lmu(1-5e*) M949

de
ond mow let's set our M =0 to get fm volue of e for which this occurs:
0= fmu(1- 5e4) M1
0 |- Se
Se =
4.2
¢ s

0.6 to 2s¢

(c) The particle continues to hit the walls repeatedly. Sinceit loses energy during each callision, its
speed decreases. H181
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Question 2 continued
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Question 2 continued
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(Total for Question 2 is 9 marks)
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3. The total mass of a cyclist and his bicycle is 100 kg.

In all circumstances, the magnitude of the resistance to the motion of the cyclist from

non-gravitational forces is modelled as being kv? N, where vms™ is the speed of <
the cyclist. CZJ
o'
The cyclist can freewheel, without pedalling, down a slope that is inclined to the :Eu
horizontal at an angle a, where sina = L , at a constant speed of V'ms™! r:|n
35 S
When he is pedalling up a slope that is inclined to the horizontal at an angle £, where g
7
sinfp = % , and he is moving at the same constant speed V’ms™', he is working at a ;
m
constant rate of P watts. >
(a) Find P in terms of V.
(7)
If he pedals and works at a rate of 35 J/ watts on a horizontal road, he moves at a
constant speed of Ums™!
(b) Find U in terms of V. o
o
) ¥
. ()
(0) Diagramn - for We are told that speed is S use g
o\
u* 100gsinec = MAM e
1008 _ m
A0 a 1009 i'
vy
5
Diagram - for We are told that speed is . use again: m
“}‘v/\ 100gsing + k> = M1A1
e 1009‘1.1- 1004 -
aP L T
oo 1009 3004 =
) 30
To get D we will use Pouer.
for
>,
o
=
o
poce
P=P W Pzov—s0:& 1 §
D=D N s
: Z
\'ERY) E
Subsiiture =
2009_ P s ;
0 "V m
P =303y >
Al (P=42Vto 2sf P in terms of V
10
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Question 3 continued

P=35vwW Since the speed is constant , use 76,0
I__l'”) (s p M1
.165 To 9e.l:_D_|uc_mml_Me_Emumr
Formulo. for Power-
Power (w) ~ P= Dy
J . B
Drivinsj&mmm:)
P=35V "} Substiture:
D=0 35y = DL
V=W p =35V
w
AWewaw .  Substituke D bock:
~_From (a) we know that: =35V
u

1008 _ py? - k= 100g 5ub this

sS ! 3sve:
ux 1093 _ 35V 4
CETTENT)
100g4 _ 35V
2 u
3V 3 228y}
1009
3 botn Sides
w= 1.08v to 3t A1

Win 4 LV

D V00 00 0 O A .
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Question 3 continued
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Question 3 continued

(Total for Question 3 is 11 marks)
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4. Two particles, P and Q, have masses m and em respectively. The particles are moving on
a smooth horizontal plane in the same direction along the same straight line when they
collide directly. The coefficient of restitution between P and Q is e, where 0 < e < 1

Immediately before the collision the speed of P is u# and the speed of Q is eu.

(a) Show that the speed of Q immediately after the collision is u.
(6)

(b) Show that the direction of motion of P is unchanged by the collision.
3)

vVady SIHL NIIL-IM LON©

The magnitude of the impulse on Q in the collision is %mu

(c) Find the possible values of e.
“4)
(a) Diagram

Beore A(Z't:( —We Wan¥
eu 2, Yo i

@ | ® ®

em m em

10k

We con use the consevvokion of Lnear momentum t0 Qet an equation.
consevvakion of Lnear momentum eans: the totod momemkum befove the
collision s the same as the total momentum ofter.

YVIYY SIHENEILREM TON-Od

Substitute:
l){lu\*- emlew) = m(Vp)+ em(Vq)  cancel m's
u+eu = Vp +eVq €q-1 MM
We comn wuse Newton's Low of Resriturion to Qet another equation.
Newton's Low of Restitunion stakes thak: when two objects collide, their speeds afier
the collision depend on (1) Speeds before ¢he collision and (2) the mokerial {rom which they’re made.

Substitute:
e(u-ew) = vq -V
em-e*u= Vo -Up €q.2 MM
Solve simurkameously Eqi ond Eq2:
Ml uvedd = up *+evg  use elimination methad.
em- et oNp+ VQ+
uren=(e+1)Vq = \qg* \% 2. Vg=U_Shown A4
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Question 4 continued

(b) Let'’s ggg Up:

+e?u = + {8

S Up+ substitute

Vp=W- ‘\.l.

M p -.n((g--;)"ii) completed_square §orm

As (e-%£)'>0 and 3 20, (e-3)%3 50
2 4 4
~So, Vp is positive ond . Vp does mot change direction. A1

_ Substitute: T=m(v-w)  for particle ©

I=em(u-euw) ™A1

l = -eu)
9
%"= eu(1-e)
2: (e-e M4
9 A

*)
0zet-e+2
9

0=9¢%9e+2

0=(3e-1(3e-2)

ez=1 e=2
3 3

P 6 6 7 9 3 A 0 1 5 1 6
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Question 4 continued
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(Total for Question 4 is 13 marks) s
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