4

2 A car of mass 1800kg is towing a trailer of mass 400kg along a straight horizontal road. The car and
trailer are connected by a light rigid tow-bar. The car is accelerating at 1.5 ms~2. There are constant
resistance forces of 250N on the car and 100N on the trailer.

(a) Find the tension in the tow-bar. [Sms'T (2}

——
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3 A carof mass mkgis towing a trailer of mass 300kg down a straight hill inclined at 3° to the horizontal
at a constant speed. There are resistance forces on the car and on the trailer, and the total work done
against the resistance forces in a distance of 50m is 400007J. The engine of the car is doing no work
and the tow-bar is light and rigid.

(a) Find the value of m. [3]

%‘A%WMM&BS@M ..................................................

The resistance force on the trailer is 200N, %

(b) Find the tension in the t(i\;v-bar between the car and the trailer. [2]
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4 A toy railway locomotive of mass 0.8kg is towing a truck of mass 0.4kg on a straight horizontal
track at a constant speed of 2ms™!. There is a constant resistance force of magnitude 0.2N on the

locomotive, but no resistance force on the truck. There is a light rigid horizontal coupling connecting
the locomotive and the truck.

Tt
= :
(a) State the tension in the coupling. 0

T

(1]

Tk Rl F 2mee om0 ot spset) oo
R U1 01N

(b) Find the power produced by the locomotive’s engine. [1]

lﬁmm\e .......... ﬁ(‘?) :
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2 O-iN

The power produced by the locomotive’s engine is now changed to 1.2'W.

v
i
¢
Q
&\I
\
Q

(¢) Find the magnitude of the tension in the coupling at the instant that the locomotive begins to
accelerate.

(5]
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3 A constant resistance of magnitude 1400N acts on a car of mass 1250kg.

(a) The car is moving along a straight level road at a constant speed of 28ms™

Find, in kW, the rate at which the engine of the car is working.

(2]

Lonsint. e, 502200 andd. it Jome. tesshuss.

.........................................................................................................................................

........................................................................................................................................................

(b) The car now travels at a constant speed up a hill inclined at an angle of @ to the horizontal, where
sin @ = 0.12, with the engine medng at 43.5kW,

Find this speed.

31

...............................................................................................................................................

eyt ® ® % 5 %5 48488808400 BRI 006005000800 ITeNINIORIORRIIINIIPRIISIIES

................

.....................................................................................................................................................

o D= 16O = (2.500% 0 2
B D R {710 0 Rl (=3 0] 0 W1 O N

.................

.................................................................................................................................................

........................................................................................................................................................
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(c) On another occasion, the car pulls a trailer of mass 600kg up the same hill. The system of the car
and the trailer is modelled as particles connected by a light inextensible cable. The car’s engine
produces a driving force of SODON and the resistance to the motion of the trailer is 300N. The
resistance to the motion of the car remains 1400 N.

Find the acceleration of the system and the tension in the cable. [4]

5000N

..........................................................................

.....................................................................................................................

...................................

............................................................

........................................................................................................................................................

.............................................................................................................................................

........................................................................................................................................................

(a0 200~ 1020 2 18500

............................................... 1040z 13S0
0.5

........................................................................................................................................................

.......................................................................

.................................................................................................................

................................................. 1.2 3502+ £100......
2 RAFON

........................................................................................................................................................
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6 A car of mass 1600kg is pulling a caravan of mass 800kg. The car and the caravan are connected
by a light rigid tow-bar. The resistances to the motion of the car and caravan are 400N and 250N
respectively.

(a) The car and caravan are travelling along a straight horizontal road.

(i) Given that the car and caravan have a constant speed of 25 ms™', find the power of the car’s
engine. (2]

Constont:..sp028.,.20.020. (o rsickr. whde. SuStenn....
R Do 80028020 e
....................... D2 6SON o

.............................................................................................................

(ii) The engine’s power is now suddenly increased to 39 kW. Find the instantaneous acceleration
of the car and caravan and find the tension in the tow-bar. {5}

.......... Powter 2 X o
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................................................................................

.........................................................................................................................................

...................................................

(b) The car and caravan now travel up a straight hill, inclined at an angle of sin™' 0.05 to the

horizontal, at a constant speed of vms~'. The car’s engine is working at 32.5 kW. /t/ G 2 O s
Find v.

.................................................................................................

..........................................................................................................................

.........................................................................

...............................................................................................
A

o
........................................................... rerpersnasannssesastessessesssesasearassasmnssessessrenergofonsrssond coqshvd-épem(
R 7’)@“650~Z¢Ooosmo<=/"\olz/ ............. 7
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............................................................................
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6 A car of mass 1750kg is pulling a caravan of mass S00kg. The car and the caravan are connected
by a light rigid tow-bar. The resistances to the motion of the car and caravan are 650N and 150N

respectively.
(a) The car and caravan are moving along a straight horizontal road at a constant speed of 24ms™".
(i) Find the power of the car’s engine. (2]

a ¢ .
- - =
2 ol VL. 10,
» haee EEP AR e A N LS £ TR T 7S Py S PP v+ PRI 2P PRI PPPL DY P11 1 % APORt o h han o »

Ml S0 BEQ
4
R D B0 I 2t e

................................................................................................................................................

(ii) The engine’s power is now suddenly increased to 40kW.

Find the instantaneous acceleration of the car and caravan and find the tension in the tow-bar.

[5]
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(D+@:. 1016671802 22500 o
T -1 - - X8 NI 2 4= 0 LA,

.......................................................................................................................................

...........................................................................................................................................

................................................................................................................................................

................................................................................................................................................

< S 204G
(b) The car and caravan now travel up a straight hill, inclined at an angle sin™! 0.14 to the horizontal,
ata constant speed of vimn s}, The car’s engine is working at 31 kW, The resistances to the motion
of the car and caravan are unchanged.

...... D~ 300~ 125008, =

D - 300- 2t5c0x0 1 = O | i

........................................................................................................................................................

........................................................................................................................................
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6 A car of mass 1500kg is pulling a trailer of mass 750 kg up a straight hill of length 800 m inclined at
an angle of sin~! 0.08'to the horizontal. The resistances to the motion of the car and trailer are 400 N
and 200 N respectively. The car and trailer are connected by a light rigid tow-bar. The car and trailer
have speed 30ms™! at the bottom of the hill and 20ms™! at the top of the hill.

(a) Use an energy method to find the constant driving force as the car and trailer travel up the hill.

[5]

.............................................

........................................................................................................

........................................................................................................................................................

........................................................................................................................................................

...............................................................................................................................
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........................................................................................................................................................
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After reaching the top of the hill the system consisting of the car and trailer travels along a straight
level road. The driving force of the car’s engine is 2400 N and the resistances to motion are unchanged.

(b) Find the acceleration of the system and the tension in the tow-bar. 4]
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A car of mass 1250 kg is pulling a caravan of mass 800 kg along a straight road. The resistances to the
motion of the car and caravan are 440 N and 280 N respectively. The car and caravan are connected

by a light rigid tow-bar.
(@) The car and caravan move along a horizontal part of the road at a constant speed of 30 m sl
(i) Calculate, in kW, the power developed by the engine of the car.
az Ome®
.................. w...... '""T”‘"-"T"""‘" ..W.......................................................

(ii) Given that this power is suddenly decreased by 8 kW, find the instantaneous deceleration of
the car and caravan and the tension in the tow-bar. [4]

Now Powes 2. 2 b0 E oo

...................................................................................................

........................................................................................................

-------------------------------------------------------------------------------------------------------

.............................................

................................................................................................................................................
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(b) The car and caravan now travel along a part of the road inclined at sin™! 0.06 to the horizontal.
The car and caravan travel up the incline at constant speed with the engine of the car working at
28 kW.

T
(i) Find L}:ijconstant speed. az Oms

{if) Find the increase in the potential energy of the caravan in one minute.

2]
\D&MC&WMMJMTMM& ...... d&#mce,-lé—é—wéo ................
................................................................................................... = %QI.SMSTO
lrergose, m"\gﬂ'f*v\'fﬂm ........................................................................

Sk __h
......................................... T e —
................ Dsesrsirinissmssnenssnenssseissnas s tes st b e bbb s s b bbb en Rt st e e
= gl5v 000
:5{'?”\3\*0 ...............................
Qog,qPE.: ....... Fod &é.h .........................................................................
........................................ Z . D00 %I ST o
i = e R BRB S
= Ll OO
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A car of mass 1400kg is towing a trailer of mass 500 kg down a straight hill inclined at an angle of 5°
to the horizontal. The car and trailer are connected by a light rigid tow-bar. At the top of the hill the
speed of the car and trailer is 20ms™1 and at the bottom of the hill their speed is 30ms™!,

(a) Itis given that as the car and trailer descend the hill, the engine of the car does 150000 J of work,
and there are no resistance forces, '

Find the length of the hill. [5]

C)no\:\}(t«%%w%mwl\@@dﬁmd ...................

...................................................................................

..............................................................................

--------------------------------------------------------------------------------------------------------------------------------------------------------

Y l- .......... ¥ m".\,\/olkm

........................................................................................................................................................
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(b) Itis given instead that there is a resistance force of 100N on the trailer, the length of the hill is
200 m, and the acceleration of the car and trailer is constant.

Find the tension in the tow-bar between the car and trailer.

[4]
Fd.. 0«&0{:@9&%%@;% .....................................................................

N 82 O L N 2 A o 20
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