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G0328 3506  9 [Turn over

11 A van of mass 1250 kg is towing a trailer of mass 550 kg by means of a light 
horizontal tow bar. The tractive force produced by the van’s engine is 3840 N. The van and 
trailer are travelling along a straight horizontal road as shown in Fig. 7.

 Fig. 7

 The van and trailer accelerate uniformly from rest to 21 m/s in 15 seconds.

 (i) Calculate this acceleration of the van and trailer, [1]

 (ii) Show that the total resistance to the motion of the van and trailer is 1320 N. [4]

 The resistance to the motion of the van is 0.704 N per kg of mass.

Calculate, in Newtons,

 (iii) the resistance to the motion of the van, [1]

 (iv) the resistance to the motion of the trailer, [1]

 (v) the magnitude of the tension in the towbar. [2]

 The van and trailer then travel at a constant speed of 21 m/s and after some time the towbar 
breaks.

 (vi) Assuming that the resistance to the motion of the trailer remains the same calculate the 
additional distance travelled by the trailer before it comes to rest. [4]

3840 N
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����� ���� >7XUQ�RYHU

��� $�FDU�RI�PDVV������NJ�SXOOV�D�WUDLOHU�RI�PDVV�����NJ�DORQJ�D�VWUDLJKW�KRUL]RQWDO�URDG�E\�PHDQV�
RI�D�OLJKW�LQH[WHQVLEOH�KRUL]RQWDO�WRZEDU�DV�VKRZQ�LQ�)LJ����

)LJ���

� 7KH�FDU�DQG�WUDLOHU�DFFHOHUDWH�XQLIRUPO\�IURP�UHVW�ZLWK�DQ�DFFHOHUDWLRQ�RI�����P�V��

� 7KH�FDU¶V�HQJLQH�H[HUWV�D�WUDFWLYH�IRUFH�RI������1�DQG�WKH�UHVLVWDQFH�WR�WKH�PRWLRQ�RI�WKH�FDU�
LV�����1�NJ�

� �L�� &DOFXODWH�WKH�UHVLVWDQFH�WR�WKH�PRWLRQ�RI�WKH�FDU�� >�@

� �LL�� 6KRZ�WKDW�WKH�WRWDO�UHVLVWDQFH�WR�WKH�PRWLRQ�RI�WKH�FDU�DQG�WUDLOHU�LV������1�� >�@

� &DOFXODWH

� �LLL��WKH�UHVLVWDQFH�WR�WKH�PRWLRQ�RI�WKH�WUDLOHU�� >�@

� �LY��WKH�WHQVLRQ�LQ�WKH�WRZEDU�� >�@

� $W�WKH�LQVWDQW�ZKHQ�WKH�VSHHG�RI�WKH�FDU�DQG�WUDLOHU�LV����P�V�WKH�FRXSOLQJ�LQ�WKH�WRZEDU�VQDSV�

� $VVXPH�WKDW�WKH�UHVLVWDQFH�WR�WKH�PRWLRQ�RI�WKH�WUDLOHU�UHPDLQV�WKH�VDPH�

� )LQG

� �Y�� WKH�WLPH�WDNHQ�E\�WKH�WUDLOHU�LQ�FRPLQJ�WR�UHVW�DIWHU�WKH�WRZEDU�VQDSV�� >�@

� �YL��WKH�GLVWDQFH�WKH�WUDLOHU�WUDYHOV�LQ�WKLV�WLPH�� >�@

THIS IS THE END OF THE QUESTION PAPER
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��� 7ZR�SDFNDJHV�$�DQG�%�RI�PDVVHV���NJ�DQG�m�NJ�UHVSHFWLYHO\��ZKHUH�m�!����DUH�FRQQHFWHG�E\�
D�OLJKW�LQH[WHQVLEOH�VWULQJ�ZKLFK�SDVVHV�RYHU�D�VPRRWK�SXOOH\�IL[HG�WR�WKH�FHLOLQJ�RI�D�VWRUH��DV�
VKRZQ�LQ�)LJ����

�

BA

Platform

)LJ���

� 7KH�SDFNDJHV�DUH�KHOG�VR�WKDW�ERWK�SDUWV�RI�WKH�VWULQJ�DUH�KDQJLQJ�YHUWLFDOO\�ZLWK�WKH�VWULQJ�
WDXW��7KH�V\VWHP�LV�UHOHDVHG�IURP�UHVW�DQG�WKH�PDJQLWXGH�RI�WKH�DFFHOHUDWLRQ�RI�HDFK�SDFNDJH�
GXULQJ�WKH�VXEVHTXHQW�PRWLRQ�LV�����P�V��

� �L�� &RS\�)LJ����DQG�PDUN�RQ�\RXU�GLDJUDP�WKH�IRUFHV�DFWLQJ�RQ�WKH�SDFNDJHV�� >�@

� %\�IRUPLQJ�DQ�HTXDWLRQ�RI�PRWLRQ�IRU�HDFK�SDFNDJH��ILQG

� �LL�� WKH�WHQVLRQ�LQ�WKH�VWULQJ�� >�@

� �LLL��WKH�YDOXH�RI�m�� >�@

� �LY��WKH�IRUFH�H[HUWHG�E\�WKH�VWULQJ�RQ�WKH�SXOOH\�ZKHQ�WKH�SDFNDJHV�DUH�LQ�PRWLRQ�� >�@

� :KHQ�WKH�SDFNDJHV�KDYH�EHHQ�LQ�PRWLRQ�IRU�����VHFRQGV��$�VWULNHV�D�IL[HG�SODWIRUP��7KH�
VWULQJ�EHFRPHV�VODFN�DQG�%�LQLWLDOO\�FRQWLQXHV�WR�ULVH�

� $VVXPLQJ�WKDW�%�GRHV�QRW�UHDFK�WKH�SXOOH\��FDOFXODWH

� �Y�� WKH�VSHHG�RI�WKH�SDFNDJHV�DW�WKH�PRPHQW�ZKHQ�$�VWULNHV�WKH�SODWIRUP�� >�@
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� �YL��WKH�DGGLWLRQDO�GLVWDQFH�WKURXJK�ZKLFK�%�ULVHV�DIWHU�$�VWULNHV�WKH�SODWIRUP�� >�@

� �YLL����WKH�WLPH�ZKLFK�HODSVHV�EHWZHHQ�$�VWULNLQJ�WKH�SODWIRUP�DQG�WKH�VWULQJ�EHFRPLQJ�WDXW�
DJDLQ�� >�@�

��� $�FDU�DQG�D�PRWRUF\FOH�DUH�WUDYHOOLQJ�LQ�WKH�VDPH�GLUHFWLRQ�DORQJ�D�GXDO�FDUULDJHZD\��$W�WKH�
VDPH�LQVWDQW�WKH\�SDVV�D�VLJQ�ZDUQLQJ�WKHP�RI�D�FKHFNSRLQW�DKHDG�

� 7KH�FDU�SDVVHV�WKH�ZDUQLQJ�VLJQ�DW�D�VSHHG�RI����P�V��FRQWLQXHV�DW�WKLV�VSHHG�IRU���PLQXWH�DQG�
WKHQ�GHFHOHUDWHV�XQLIRUPO\�WR�UHVW�DW�WKH�FKHFNSRLQW�

� 7KH�PRWRUF\FOLVW�SDVVHV�WKH�ZDUQLQJ�VLJQ�DW�D�VSHHG�RI����P�V�DQG�FRQWLQXHV�DW�WKLV�VSHHG�IRU�
T�VHFRQGV��+H�WKHQ�GHFHOHUDWHV�XQLIRUPO\�WR�UHVW�DW�WKH�FKHFNSRLQW�

� 7KH\�ERWK�DUULYH�DW�WKH�FKHFNSRLQW�DW�WKH�VDPH�LQVWDQW�

� �L�� 8VLQJ�)LJ����LQ�\RXU�6XSSOHPHQWDU\�$QVZHU�%RRNOHW��VNHWFK�WKH�VSHHG�WLPH�JUDSKV�
IRU�ERWK�YHKLFOHV�DV�WKH\�WUDYHO�IURP�WKH�ZDUQLQJ�VLJQ�WR�WKH�FKHFNSRLQW�� >�@

� 7KH�GLVWDQFH�IURP�WKH�ZDUQLQJ�VLJQ�WR�WKH�FKHFNSRLQW�LV�����NP�

� &DOFXODWH

� �LL�� WKH�GLVWDQFH�WUDYHOOHG�E\�WKH�FDU�LQ�WKH�ILUVW�PLQXWH�� >�@

� �LLL��WKH�GHFHOHUDWLRQ�RI�WKH�FDU�� >�@

� �LY��WKH�WLPH�IRU�ZKLFK�WKH�FDU�ZDV�GHFHOHUDWLQJ�� >�@

� �Y�� WKH�WRWDO�WLPH�IRU�WKH�MRXUQH\�EHWZHHQ�WKH�ZDUQLQJ�VLJQ�DQG�WKH�FKHFNSRLQW�� >�@

� �YL��WKH�YDOXH�RI�T�� >�@
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11 A van of mass M kg tows a trailer of mass 480 kg by means of a light horizontal tow bar 
along a straight horizontal road.

 The tractive force produced by the engine in the van is 3450 N, as shown in Fig. 7.

�����1

Fig. 7

 The van and trailer accelerate uniformly from rest to a speed of 10 m/s while travelling a 
distance of 125 m.

 (i) Find the acceleration of the van and trailer. [1]

 The resistance to motion of the van is 1180 N.

 The tension in the tow bar is 1806 N.

 (ii) Find the value of M. [3]

 (iii) Find the resistance to motion of the trailer. [2]

 The tractive force is increased so that the van and trailer travel the next 125 m in 10 seconds 
with uniform acceleration.

 (iv) Calculate the acceleration of the van and trailer while travelling the second 125 m. [1]

 Assuming the resistances to motion remain the same, calculate

 (v) the new tension in the tow bar; [2]

 (vi) the amount by which the tractive force was increased. [2]
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Examiner Only

 Marks Remark
2 A block X, of mass m kg, is held in equilibrium by two light inextensible 

strings XA and XB, attached to a horizontal ceiling. The strings are inclined 
to the ceiling at angles of 30° and 51°, as shown in the diagram below.

 The tension in the string XA is 20 N.

 (i) Mark on the diagram the other forces acting on the block.

A B

X

30°

20 N

51°
 

   [1]

 (ii) Calculate the tension in the string XB.

Answer                 N [2]
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Examiner Only

 Marks Remark
 (iii) Calculate the value of m.

Answer                 [3]
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Examiner Only

 Marks Remark
4 Two blocks A and B, of masses 5kg and 8kg, are attached by a light 

inextensible string which passes over a smooth pulley.  Block A is held 
at rest on a rough horizontal table and block B hangs in the air above 
horizontal ground, as shown in the diagram below.

 

B
8kg

5kg

A

 The system is released from rest. After 0.8 seconds block B has moved 
1.6 m downwards. It is still above the ground and block A has not reached 
the pulley.

 (i) On the diagram above, mark all the forces acting on each of the blocks. 
[3]

 (ii) Show that the acceleration of the blocks is 5m/s2.

 [2]
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Examiner Only

 Marks Remark
 (iii) Hence calculate the tension in the string.

                                                           Answer                                           N [2]

 (iv) Calculate the coefficient of friction between the table and block A.

                                                            Answer                                              [3]
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4 Two boxes A and B, with masses 1.1 kg and 1.4 kg respectively, are attached to the ends 
 of a light inextensible string. The box A lies on a smooth horizontal table. The string passes 
 over a smooth fixed pulley at the edge of the table.

A  

B

 This system is released from rest with the box B hanging vertically.

 Calculate

 (i) the acceleration of the system, [3]

 (ii) the tension in the string,  [1]
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 (iii) the force exerted by the string on the pulley when the boxes are in motion, [2]

 (iv) the distance travelled by box B after 0.5 seconds, assuming that it does not reach 
  the ground.    [2]
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