R74085A

©2023 Pearson Education Ltd.

N:1/11171717

-

Please check the examination details below before entering your candidate information

(Candidate surname

Other names

Centre Number Candidate Number

Pearson Edexcel Level 3 GCE

(Monday 26th June 2023

Afternoon (Time: 1 hour 30 minutes) Paper
reference
/ [ ]
Further Mathematics

Advanced
PAPER 4C: Further Mechanics 2

.

J

( You must have:

.

Mathematical Formulae and Statistical Tables (Green), calculator

~
Total Marks

J

Candidates may use any calculator permitted by Pearson regulations. Calculators
must not have the facility for symbolic algebra manipulation, differentiation and

integration, or have retrievable mathematical formulae stored in them.

Instructions

Use black ink or ball-point pen.

If pencil is used for diagrams/sketches/graphs it must be dark (HB or B).

Fill in the boxes at the top of this page with your name,
centre number and candidate number.

Answer all questions and ensure that your answers to parts of questions are clearly labelled.

Answer the questions in the spaces provided
— there may be more space than you need.

You should show sufficient working to make your methods clear.

Answers without working may not gain full credit.

Unless otherwise indicated, whenever a value of g is required, take g = 9.8 m s and give
your answer to either 2 significant figures or 3 significant figures.

Information

® A booklet ‘Mathematical Formulae and Statistical Tables' is provided.

® There are 8 questions in this question paper. The total mark for this paper is 75.

The marks for each question are shown in brackets
— use this as a guide as to how much time to spend on each

Advice
® Read each question carefully before you start to answer it.

Try to answer every question.
Check your answers if you have time at the end.

question.

Turn over

©

Pearson



~

1. Three particles of masses 3m, 4m and km are positioned at the points with
coordinates (2a, 3a), (a, Sa) and (2ua, pa) respectively, where k and u are constants.

The centre of mass of the three particles is at the point with coordinates (2a, 4a).
Find (i) the value of &

(i1) the value of u
(6)
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2. A particle of mass 2 kg is moving in a straight line on a smooth horizontal surface under
the action of a horizontal force of magnitude F newtons.

At time ¢ seconds (¢ > 0),

« the particle is moving with speed vms™

e F=2+v
The time taken for the speed of the particle to increase from 5ms™ to 10ms™ is
T seconds.
12
(a) Show that T = 21n7
“4)
The distance moved by the particle as its speed increases from 5ms™ to 10ms™! is
D metres.
(b) Find the exact value of D.
“4)
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3. [In this question you may quote, without proof, the formula for the distance of the centre s R /

of mass of a uniform circular arc from its centre.] S S
g
A o e
S8 SR
r -5 E

0 Sk

varet \|:

ol 1s : c

RIS S

r Es &

C .
Figure 1 i fg ,
Five pieces of a uniform wire are joined together to form the rigid framework O4BCO ; ;/\“ﬁ
shown in Figure 1, where = ;E
SR G

* 04, OB and BC are straight, with OA = OB = BC = r z w
S SRS
» arc AB is one quarter of a circle with centre O and radius r §? gﬁ:gi?
SV s
» arc OC is one quarter of a circle of radius r ?5; g/
 all five pieces of wire lie in the same plane ,73%** S
o 2 e o

(a) Show that the centre of mass of arc AB is a distance FV from OA. RS
2 : $

Given that the distance of the centre of mass of the framework from OA4 is d,

(b) show that d = — " S S
2(3+7) 4) o S

(@) i

oo

The framework is freely pivoted at 4. g e S ﬁ
The framework is held in equilibrium, with 4O vertical, by a horizontal force of s ¢ E
magnitude F which is applied to the framework at C. g L L&
R S
Given that the weight of the framework is W > In:: :
(c) find F in terms of W é .
c 2O

(3) .; . 52
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A smooth hemisphere of radius a is fixed on a horizontal surface with its plane face in
contact with the surface. The centre of the plane face of the hemisphere is O.

A particle P of mass M is disturbed from rest at the highest point of the hemisphere.

When P is still on the surface of the hemisphere and the radius from O to P is at an
angle 4 to the vertical,

* thespeed of Pisv

» the normal reaction between the hemisphere and the particle is R, as shown in
Figure 2.

(a) Show that R = Mg (3cosf — 2)
(6)

(b) Find, in terms of a and g, the speed of the particle at the instant when the particle
leaves the surface of the hemisphere.
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=

Figure 3

A uniform lamina OAB is modelled by the finite region bounded by the x-axis, the
y-axis and the curve with equation y = 9 — x2, for x>0, as shown shaded in Figure 3.
The unit of length on both axes is 1 m.

The area of the lamina is 18 m’
(a) Show that the centre of mass of the lamina is 3.6 m from OB.

[ Solutions relying on calculator technology are not acceptable.]

C))

A light string has one end attached to the lamina at O and the other end attached to the
ceiling. A second light string has one end attached to the lamina at 4 and the other end
attached to the ceiling.

The lamina hangs in equilibrium with the strings vertical and OA horizontal.

The weight of the lamina is W

The tension in the string attached to the lamina at 4 is AW

(b) Find the value of 4
3)

16

B

R

V3YY SIHLNI JLIEM ION OG

G I

2R

8‘}

=
SO
e
LB
&

R

V3NV SIHLNIILN

S

V3UY SIHLNI SLMM 10N OG

RS
<
RN

DO NOT WRITE IN THIS AREA

SOX

%%

0000020202020 % 2 2% %%

SO

RRRIIRLS

TWRITE INTHIS AREA

ORRREIEIS

R
X

‘DO NOT WRITE INTHIS AREA



35
35

bo%ees
basesesss

o%
3
3
ol

%
XX

%
o%
o%
XX
O
o%
%

< g
KPTES
SRS
o aes
O - o0
RS
SRLEE
bosessseses
K3
SRR
besesesees
K3
SRLLE
Sesesesetes
K3
SRRLEE
Sasesesees
KRR
HLXHKIKL
SRRLXKS
SRXLLS
SRRXKS
4050505050
SRRLES

o2
XX
55
%

%
QLR
KR

o
55
29595958,

Soreotes

KN

SRR
betee!

0%

o
X
X

096909:9:9:%%
s
0000::00

KK
QL
%!
p9eS

< O
URKKL 3
KK

3626502

25

QRIS

GRRRR
<X

S tetotetete!

35

<
QKL
096%0%6 %% %%

150707050050 % %
X%
S
55
KRS

X
296%%
0902090290 %.% %%

KK
9%
3L
SLRRR
boseseses
SRRRRES

o20%
4 ]
3Q>
00
%%

Q>
X
o)
2

5%
0%

v
S
%

0% % %% %%
18NS
il G <Y o
v%&

A
KKK
RS

v<
3
KL

RHXRR

oY% % %%
KKK
‘00?

%

<

é%é:
5

L
o0

%5
XX

0002000200000 %0 0 %0 %
%%

05050%% % % % %%
Stotetotetetotets!

X KKK KK KK
doodetotetetotetotet
RIS

o
SR
<X
RS
XK
b99%s

%%

o%
X
X
X
O

X
%%
q&

<

5%
5

5

OO
@%%?»,
%ﬁ? ook

0000000,

<
&

e

O
Satatetetotetotototetels

%

%0000 %%
pe%8%%
N

potasetetotetetes
BRaae oty
LS
g
/4
SRS,
LS

<
00
2555
o%0%e!
2L
%!
290

SORRLS
pteteetetotetetet
QIR
St otetetete!
RRLRLRLKS

XS
35
5

0>
et s o totetetede!
oo toetetetotetets!
OO
oSotetetotetetototets!
oSotetetotetetototetets
SSIRLKS

2
200
XXX
%)

SRS
4“?

0:00000000

BaSasesesesereseteteteet

KK

28R

258

G055
ZRRRRLRLRS:

09020900090 0.900. 09,99
o0

%
QIR

OO
SRS
oo

2555

boseseses
KK

O 00000,
) hoes
XX
<X
Qp

X

IIIIIIIIIK
R IRRRLRRLLS
\

%%
XX

7

Question 5 continued

17

Turn over »



4 \ BB B8
SRR SRR
2R 2R
LIRREK K,
QLR SRIRREL
R Sotetotetel

I I KRR K,
uestion > continue SRAHLLRS  SILLRS
QLR QIR

QRKKKK KKK

R 2R

&% 25

HERHLRL KR

5% SR

<
o
020
ot
o2
S

9
03,
R

DeseTe%etose’
Jogs:ee 60!
g
<l
XDEXK
LA

<

6

R

e
e

03X
e
5]
MR
oded
KK

3
ZRIRRLK

XX
58

<X
L

L
praval

¢
58
TR

Oe%

i

O

%
o v
S

8

%
00

%
be%

¢
ote%
M
o
oS

batetetets
X
b8 v
XK
%

S050%9
22
<
S

e b |
X

9%
&

<
o

o
S

%%
CREIKAL

K
XXX
25
R
0%0%

%050

<
X
35
S
bo%es
55

RIRILLKKKIKK,

X2
o
%
0%
bt

555
o0 %%
0%
o2 %%
<5
betetet

XX
K

%!
<
9
<
O%
bt

X
o

%
o2

QEKL
25

X
0o
o2

<
3
0
X
5
5
00

%
X

o9 %
296%%
095959
RS

X
%

%

30305

&

oS

3555
QIRL
RIS
202!
deloe!
QR

353
pooy
P
3
&
&
&5
S
o9
b9t
%5
%S
%S
o9
%5
S
%S
35
%5
S
%S
35
%5

0009000200000 00 90090909090 %
LRI

O
X

IR AKX AIHKIKHKAIHXHHKNKN

o0
IIERIIIRIERILIKELRLE

XX
R KKK
Solotede!
RRKRK
2555
oS
ARRRRRIRRLLLLLLE,

335
XX
e
Yoo
RS
S

<

T,
20%

DoSeraratedy
005 & gty
SRS
0SS
Posoraiet

v —

=

-
SR
008 e

)

-~
oov %ﬁq?ﬁ?
SN
Kot
Do%e X e
0%0%% %%
SRS prase S otet
SETRSS KON
QSR 9% B 1%

SN

<A 5

>
e %

SRRRS B
QRS 25
SRR IR
XK 2RI
ERRRKL LKL
SRR LI
KRS KRS
ZLRKRS 355
SRR SRR
SRR SRS
LR 2RI
LILRKRS 25
SRR SR
KRIRRRL R
SRS KKK
SRR SRHRRL
LR RIS
LILRKRS RS
B KK
SRR SRRRL
<R RIS
LILRKRS RS
RS KK
SRS S
Dogaravotet S
oS v 90 00— 198
'0‘0&’0’:’ < ‘)’:
SN s
Do%e & )¢ Dogsmreted
SIS
LS

oo
D e
Pose. — 08

0%«
08,
XS
SRS
XK
doga-alatel
S5
PLose: edes
SRR
D08 palete
AKX
oSt ates
DS a0l
SEDES,
SRELNCS
SIS

b

DOTeT00

B0 %

SO 008

SRS

XS

R S,

QRKKKK KKK

e ootete! e Setotelel

LRLRKKK K,

QIR SRILRL

e ootetel 2R
3 &%

RS KK

QLIRS SRR

RRKS SRS,

0
0K
X
Sl
X
K
o
o
s
X
P
%S
1%

18



RRREESE K852 M )
000 % % QRAIRLRAL
0%0%% %% 0% %% %%
CRLRLL RRK8
550505088 KRR
0%0%% %% %500 %%
CRLRXL R i i
RRRLLK 88K uestion > continue
dotoseseses SRS
o000 %% QRARLRL
0%0%% %% 1% %% %%
CRLRXL R
S

G
bo%e
-
3,
%
55

o RS
SRS
(9.9, o5
X X XX
[ o
fose, X
T e
:0» KK

%
) A
XA
e’

BV %
oo le%
S 05

000
0%
N
K]
KA
XX
S

e
%

-
<
X

%%

s

X&
!
&
b
L

OO
I'N
AN
5K

L

(0 0.0,
stetotete!

<

%S

%
o

<
o

4 =

-5 ot}
0307 302 TR 60 Ts%0%0]
SOTLY RBEO
RERSS SIS
SRS S
98,4 ot oo %

o
NS
X XX
RS

9%
%%
N

) -

oo%e?

"\
‘N
3,

betes

X
~
1@
o
%!

X

q@t’
;

KK
0

5

0.0

,
8
23
%
b%e!

OO
>
53

o2 44
2%
o
020
5

RS SREIRLS
2K Sodetotoe!
KRR KRR
ootetess LK
2R Sodetoote!
KRR KRR
SRR SRR
2R 2L
KRR KRR
IR SRS
2R ZRIL
KIRRXK KL
2R 2L
KIRREK KL
SRR S5
1958 o 93
RIS el
S5 093 < 993
> &
=
038, € oo B0 1 1059,
b y
2% %
55 S
= SRS
Z A
5 S
Ko RIS
)5 RIS,
o
5 KRS
SR %= %]
55 5
855 e

<]
WK,
2080%8;
o205 %%

2985

SXRKS
OO
e
PR
Sl
Suvavs
5 a2
QSRS
RIS
%
dogeTaselst
G
05 ~ %]
SRS
5 %5
9007 020]
ogeata et SRS
SITRSS O
5050 - s o935
02e” - oo TR ee"~ s
X -
IRERIKS o
o eotee! e
SRR KRR
SRR RKRRLREL
K KKK
CHXRIKS XKL
SRRLRRS SRR
SRR SRR
deSetotetel ZRL
2% RS
SLRIRS SREREKS
CRRXRRS S8
SRR SRR
S Setotete! Sotetotode!
2% 28
SRR RS
SRR SRS
KKK KKK
SRR LS
GRULRL RS
SRS SRS
39243090 St
5 S
3 '@ o
00— 438 SRR
050~ Soro TS i U [o5e!
058, & X8 oS0~ 00
SN S
LS
5 QTS

696%%%%
0%6%%%%
":”" y

o
]
2K
oo
RRKS

>
RS

oSotatetototet
0000008
O 000000
(00,0 0. 0.0,
SRRIRIKK,
ERIIRLS

(Total for Question 5 is 7 marks)

09% %%
002000000 %

XRKKRRKL
%%

o
SR
<X
RS
XK
b99%s

%
O

19
N Turn over »



( )
6.
0.8 m
Figure 4
A hollow right circular cone, of internal base radius 0.6 m and height 0.8 m, is fixed
with its axis vertical and its vertex J pointing downwards, as shown in Figure 4.
A particle P of mass m kg moves in a horizontal circle of radius 0.5 m on the rough
inner surface of the cone.
The particle P moves with constant angular speed w rads™
The coefficient of friction between the particle P and the inner surface of the cone
is 0.25
Find the greatest possible value of @
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(b) Show that d =

24

VA
—_
x* + )y =4a? :
0 a 2a % :
—/
Figure 5 Figure 6

The shaded region shown in Figure 5 is bounded by the line with equation x = a and
the curve with equation x* + y? = 4a?

This shaded region is rotated through 180° about the x-axis to form a solid of
revolution.

This solid is used to model a dome with height @ metres and base radius J3a metres.

The dome is modelled as being non-uniform with the mass per unit volume of the

. A .
dome at the point (x, v, z) equal to — kg m~, where a<x<2a and / is a constant.
X
(a) Show that the distance of the centre of mass of the dome from the centre of its

plane face is (4ln2 — %)a metres.

A solid uniform right circular cone has base radius J3ametres and perpendicular height
4ametres. A toy is formed by attaching the plane surface of the dome to the plane
surface of the cone, as shown in Figure 6.

The weight of the cone is kW and the weight of the dome is 2/

The centre of mass of the toy is a distance d metres from the plane face of the dome.
|k+5—8mﬂ
—a

2+k

The toy is suspended from a point on the circumference of the plane face of the dome
and hangs freely in equilibrium with the plane face of the dome at an angle a to the
downward vertical.

) 1
Given that tano = ——

23

(c) find the exact value of k.

(6)

C))

&)
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Figure 7
The fixed points 4 and B lie on a smooth horizontal surface with AB = 6 m.
A particle P has mass 0.3kg.

One end of a light elastic string, of natural length 2 m and modulus of elasticity 20 N, is
attached to P, and the other end is attached to 4.

One end of another light elastic string, of natural length 2 m and modulus of elasticity
40 N, is attached to P and the other end is attached to B.

The particle P is at rest in equilibrium at the point £ on the surface, as shown in Figure 7.

(a) Show that EB = gm.

The particle P is now held at the midpoint of 4B and released from rest.

(b) Show that P oscillates with simple harmonic motion about the point E.

The time between the instant when P is released and the instant when it first returns to
the point £ is S seconds.

(c) Find the exact value of S.

(d) Find the length of time during one oscillation for which the speed of P is more
than 2ms™!
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Question 8 continued

(Total for Question 8 is 14 marks)

(TOTAL FOR PAPER IS 75 MARKS)
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