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1. Three particles of masses 3m, 4m and 2m�DUH�SODFHG�DW�WKH�SRLQWV��í���������������
and ( p, p��UHVSHFWLYHO\���

� 7KH�YDOXH�RI�p�LV�VXFK�WKDW�WKH�GLVWDQFH�RI�WKH�FHQWUH�RI�PDVV�RI�WKH�WKUHH�SDUWLFOHV�IURP�
WKH�SRLQW����������LV�DV�VPDOO�DV�SRVVLEOH���

� )LQG�WKH�YDOXH�RI�p�
(7)
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Question 1 continued
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2.
y

x

y = 8eíx

R

ln 2O ln 5 A

C

D

B

Figure 1 Figure 2

� $�XQLIRUP�SODQH�ILJXUH�R��VKRZQ�VKDGHG�LQ�)LJXUH����LV�ERXQGHG�E\�WKH�x-axis, the line 
ZLWK�HTXDWLRQ��x� �OQ������WKH�FXUYH�ZLWK�HTXDWLRQ��y = 8eíx��DQG�WKH�OLQH�ZLWK�HTXDWLRQ��
x� �OQ������7KH�XQLW�RI�OHQJWK�RQ�HDFK�D[LV�LV�RQH�PHWUH���

 The area of R�LV�����P2 

 The centre of mass of R is at the point with coordinates  (x, y���

� �D�� 8VH�DOJHEUDLF�LQWHJUDWLRQ�WR�VKRZ�WKDW��y� ����
(4)

� )LJXUH���VKRZV�D�XQLIRUP�ODPLQD�ABCD, which is the same size and shape as R���7KH�
ODPLQD�LV�IUHHO\�VXVSHQGHG�IURP�C�DQG�KDQJV�LQ�HTXLOLEULXP�ZLWK�CB�DW�DQ�DQJOH�ș° to 
WKH�GRZQZDUG�YHUWLFDO�

� �E��)LQG�WKH�YDOXH�RI�ș
(6)
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Question 2 continued
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Question 2 continued
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Question 2 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________
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3. A particle P�RI�PDVV�����NJ�LV�PRYLQJ�DORQJ�WKH�SRVLWLYH�x-axis in the direction of 
x�LQFUHDVLQJ���$W�WLPH�t seconds  (t .�������P is x�PHWUHV�IURP�WKH�RULJLQ�O and the 
speed of P is v m sí����7KH�UHVXOWDQW�IRUFH�DFWLQJ�RQ�P is directed towards O and has 
PDJQLWXGH�kv2 N, where k�LV�D�SRVLWLYH�FRQVWDQW���

 When  x� �����v = 4  and when  x = 2 , v = 2

� �D�� 6KRZ�WKDW��v = ab௘x , where a and b�DUH�FRQVWDQWV�WR�EH�IRXQG�
(6)

� 7KH�WLPH�WDNHQ�IRU�WKH�VSHHG�RI�P to decrease from 4 m sí� to 2 m sí� is T�VHFRQGV�

� �E��6KRZ�WKDW��T = 
1

4 2ln

(4)
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Question 3 continued
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Question 3 continued
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Question 3 continued

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

(Total for Question 3 is 10 marks)
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4.

O r

4

3
r

Figure 3

� $�XQLIRUP�VROLG�F\OLQGHU�RI�EDVH�UDGLXV�r�DQG�KHLJKW�� 4
3
r��KDV�WKH�VDPH�GHQVLW\�DV�D�

� XQLIRUP�VROLG�KHPLVSKHUH�RI�UDGLXV�r���7KH�SODQH�IDFH�RI�WKH�KHPLVSKHUH�LV�MRLQHG�WR�D�
SODQH�IDFH�RI�WKH�F\OLQGHU�WR�IRUP�WKH�FRPSRVLWH�VROLG�S�VKRZQ�LQ�)LJXUH����

 The point O is the centre of the plane face of S���

� �D�� 6KRZ�WKDW�WKH�GLVWDQFH�IURP�O to the centre of mass of S is  73
72
r

(4)

 The solid S�LV�SODFHG�ZLWK�LWV�SODQH�IDFH�RQ�D�URXJK�KRUL]RQWDO�SODQH���7KH�FRHIILFLHQW�RI�
IULFWLRQ�EHWZHHQ�S and the plane is ȝ���$�KRUL]RQWDO�IRUFH�P�LV�DSSOLHG�WR�WKH�KLJKHVW�SRLQW�
of S���7KH�PDJQLWXGH�RI�P�LV�JUDGXDOO\�LQFUHDVHG�

� �E��)LQG�WKH�UDQJH�RI�YDOXHV�RI�ȝ for which S�ZLOO�VOLGH�EHIRUH�LW�VWDUWV�WR�WLOW�
(5)
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Question 4 continued
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Question 4 continued
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Question 4 continued
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PhysicsAndMathsTutor.com



16

*P62684RA01628*

 

 

5.

40 cm

P
O

A

60 cm

Figure 4

 A particle P�RI�PDVV������NJ�LV�DWWDFKHG�WR�RQH�HQG�RI�D�OLJKW�LQH[WHQVLEOH�VWULQJ�RI�OHQJWK�
���FP���7KH�RWKHU�HQG�RI�WKH�VWULQJ�LV�DWWDFKHG�WR�D�IL[HG�SRLQW�A�WKDW�LV�YHUWLFDOO\�DERYH�
the point O�RQ�D�VPRRWK�KRUL]RQWDO�WDEOH��VXFK�WKDW��OA� ����FP���7KH�SDUWLFOH�UHPDLQV�LQ�
FRQWDFW�ZLWK�WKH�WDEOH��ZLWK�WKH�VWULQJ�WDXW��DQG�PRYHV�LQ�D�KRUL]RQWDO�FLUFOH�ZLWK�FHQWUH�O, 
DV�VKRZQ�LQ�)LJXUH���

� 7KH�SDUWLFOH�LV�PRYLQJ�ZLWK�D�FRQVWDQW�DQJXODU�VSHHG�RI���UDGLDQV�SHU�VHFRQG�

� �D�� )LQG� �L�� WKH�WHQVLRQ�LQ�WKH�VWULQJ�

� � � � �LL��WKH�QRUPDO�UHDFWLRQ�EHWZHHQ�P�DQG�WKH�WDEOH�
(7)

� 7KH�DQJXODU�VSHHG�RI�P�LV�QRZ�JUDGXDOO\�LQFUHDVHG�

� �E��)LQG�WKH�DQJXODU�VSHHG�RI�P at the instant P�ORVHV�FRQWDFW�ZLWK�WKH�WDEOH�
(4)
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Question 5 continued
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Question 5 continued
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Question 5 continued
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6.

O

v

P

Į
l

Figure 5

 A particle P of mass m�LV�DWWDFKHG�WR�RQH�HQG�RI�D�OLJKW�LQH[WHQVLEOH�VWULQJ�RI�OHQJWK�l���
7KH�RWKHU�HQG�RI�WKH�VWULQJ�LV�DWWDFKHG�WR�D�IL[HG�SRLQW�O���7KH�SDUWLFOH�LV�KHOG�ZLWK�WKH�
VWULQJ�WDXW�DQG�OP�KRUL]RQWDO���7KH�SDUWLFOH�LV�WKHQ�SURMHFWHG�YHUWLFDOO\�GRZQZDUGV�ZLWK�

 speed u, where  u2 = 
9

5
gl����:KHQ�OP�KDV�WXUQHG�WKURXJK�DQ�DQJOH�Į�DQG�WKH�VWULQJ�LV�VWLOO�

� WDXW��WKH�VSHHG�RI�P is v��DV�VKRZQ�LQ�)LJXUH�����$W�WKLV�LQVWDQW�WKH�WHQVLRQ�LQ�WKH�VWULQJ�LV�T�

� �D�� 6KRZ�WKDW��T = 3mg sin Į + 
9

5
mg

(6)

� �E��)LQG��LQ�WHUPV�RI�g and l, the speed of P�DW�WKH�LQVWDQW�ZKHQ�WKH�VWULQJ�JRHV�VODFN��
(3)

� �F�� )LQG��LQ�WHUPV�RI�l��WKH�JUHDWHVW�YHUWLFDO�KHLJKW�UHDFKHG�E\�P�DERYH�WKH�OHYHO�RI�O��
(4)
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Question 6 continued
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Question 6 continued
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Question 6 continued
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(Total for Question 6 is 13 marks)
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7.� $�OLJKW�HODVWLF�VSULQJ�KDV�QDWXUDO�OHQJWK�l�DQG�PRGXOXV�RI�HODVWLFLW\���mg����$�SDUWLFOH�P of 
mass m�LV�DWWDFKHG�WR�RQH�HQG�RI�WKH�VSULQJ���7KH�RWKHU�HQG�RI�WKH�VSULQJ�LV�DWWDFKHG�WR�D�

 fixed point A���7KH�SRLQW�B�LV�YHUWLFDOO\�EHORZ�A with  AB = 
7

4
l���7KH�SDUWLFOH�P is 

 released from rest at B��

� �D�� 6KRZ�WKDW�P�PRYHV�ZLWK�VLPSOH�KDUPRQLF�PRWLRQ�ZLWK�SHULRG��ʌ
l
g

(7)

� �E��)LQG��LQ�WHUPV�RI�m, l and g��WKH�PD[LPXP�NLQHWLF�HQHUJ\�RI�P�GXULQJ�WKH�PRWLRQ��
(3)

� �F�� )LQG�WKH�WLPH�ZLWKLQ�HDFK�FRPSOHWH�RVFLOODWLRQ�IRU�ZKLFK�WKH�OHQJWK�RI�WKH�VSULQJ�LV�
less than l�

(5)
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Question 7 continued
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Question 7 continued
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Question 7 continued
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Question 7 continued
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(Total for Question 7 is 15 marks)

TOTAL FOR PAPER IS 75 MARKS
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