4

2 A carof 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 250 N on the car and 100N on the trailer.

(a) Find the tension in the tow-bar. 1’5'15"’ [2]
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4 A car of mass 1700kg is pulling a trailer of mass 300kg along a straight horizontal road. The car and
trailer are connected by a light inextensible cable which is parallel to the road. There are constant
resistances to motion of 400N on the car and 150N on the trailer. The power of the car’s engine is
14000 W.

Find the acceleration of the car and the tension in the cable when the speed is 20ms ™. {61
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3 A carof mass mkg is 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 4000017. The engine of the car is doing no work
and the tow-bar is light and rigid.

(a) Find the value of m. [31

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

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

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

................ V"* ‘(M’»SOD)VSOOS.,«%«‘@EDOOO
.................. (m.aoo) S0 2. 40000
............................... M +3oo=~157,&sa

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

The resistance force on the trailer is 200N. %

(b) Find the tension in the t%\,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~L. 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.

T
(a) State the tension in the coupling. 0'2 N @ D (1
............. [mﬂiﬁm‘fﬁpﬂaﬂ

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

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

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

mw .............. (“7) F

"
S
O

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

i
—
1
©
{\7
"
@

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

1
O
1
O
o
W
Q!

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

O =0-WN

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

(c) 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 28 ms™.

Fmd in kW, the rate at which the engine of the car is working. [2]

Lonstont.. 5peed,.S0.220..0nd.... oQ .......... doie. . esistovca.z Jieon

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

{b) The car now travels at a constant speed up a hill inclined at an angle of 6 to the horizontal, where
sin @ = 0.12, with the engine ch(ing at 43.5kW.

Find this speed. {31

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

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

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

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

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

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

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

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

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

........................................................................................................................................................
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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 S000N 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

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

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

hesdsssiisvisdivntereiieassentia

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

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

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

................................. 200, = 1800.x0:12. ~T.212504a...
.................................................. OO = 12128000

................................................................................................................
............................................................. nadl eseaesveransetasee tessaee u-.-lu.- stessvnsrrcacrassasnsrane

....................................................................................................................................... seesrsenasasnnne

- O' % B ‘.L..Srr'g ................

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

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

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

-[5
N o e e AL L A N T I L P X aodoadpdiosensisaacrancisassssnaserinesssorrsrcansontsarssisneran

........................................................................................................................................................
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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 250 N
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 25m s~1, find the power of the car’s
engine. [2]
1.2 SN
DAV e
2 bSO % 0D
(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]
(er:
RE):....E..2. mo
1560.=.4D.=T..2. 100
6O, = T 2 16000
S fpeensessansennsssesaans e et
E (\7) : F = MK
......... 122502300002 oo
e s s s SOOI -4 0
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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. /(/ G 2 O- s

31

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

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

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

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

.........

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

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

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

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

........................................................................................................................................................
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6 A car of mass 1800kg is towing a trailer of mass 300kg up a straight road inclined at an angle « to the
horizontal, where sina = 0.05 . The car and trailer are connected by a tow-bar which is light and rigid

and is parallel to the road. There is a resistance force of 800N acting on the car and a resistance force of
FN acting on the trailer. The driving force of the car’s engine is 3000N.

(a) Itis given that F = 100.

Find the acceleration of the car and the tension in the tow-bar. [5]
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(b) It is given instead that the total work done against F in moving a distance of 50m up the road is
6000J. The speed of the car at the start of the 50m is 20ms ™",

Use an energy method to find the speed of the car at the end of the 50m. [5]

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

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

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

3CKDKSO+%XUOOXZO‘+O='E>fw?xV‘+Umxl0x25+4éw
600, .+ W00 ... = 10S0OVE +. 8280+ .4 000

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

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

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

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

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

............................................................................................................................................................
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A railway engine of mass 120000kg is towing a coach of mass 60000kg up a straight track inclined
at an angle of o to the horizontal where sin o = 0.02. There is a light rigid coupling, parallel to the
track, connecting the engine and coach. The driving force produced by the engine is 125000N and
there are constant resistances to motion of 22 000N on the engine and 13 000N on the coach.

(a) Find the acceleration of the engine and find the tension in the coupling.

126 coo N

[5]

................... 125 000 =1 200 000sin .~ 2200 =T 2 170.0a
e 28.000..... = wamo(ooz)—-ZZCDO~T'(wm0o.

.................................... 19.000.= T =100 (0.

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

.................... o= 000K = 13000 2. L0000a...
................. 1= 000w~ 3000..2.60000a

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

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

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

"f_@, ............. 1.=.250M....

113
Q)
o
O
Sk
@J

........

i = B0 2 DO e

-
n—t
........................................................................................... AT AT
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At an instant when the engine is travelling at 30ms™, it comes to a section of track inclined upwards

at an angle S to the horizontal. The power produced by the engine is now 4 500000 W and, as a result,
the engine maintains a constant speed.

(b) Assuming that the resistance forces remain unchanged, find the value of B. [4]

G800 000 2 DX A

....................................... |00 a0 enp..=. 118000 ...

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

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

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

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

........................................................................................................................................................
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6 A car of mass 1750kg is pulling a caravan of mass 500kg. 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 24 ms™'

(i) Find the power of the car’s engine. [2]

= ! -
- - *
+ feee EEREANT AR 1) L1 ) . !'Q‘l"‘ . gedesdstoene SegberideteNanqe CARAREE RS R XA T2 WeseesVe 140 * .

(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.

(51
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(D@ 1016k = 1802 22800 e
S . 1 = - X0 W 2 4= 0 L

- (:) )
L]
- : 3&5 mMmS
....................................................... A2 LS mMS e
. .
N

1t

[} )

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

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

A
< S5 =014
(b) The car and caravan now travel up a straight hill, inclined at an angle sin1 0.14 to the horizontal
at a constant speed of vms™!, The car’s engine is working at 31 kW. The resistances to the motion
of the car and caravan are unchanged.

?
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6 A car of mass 1500kg is pulling a trailer of mass 750kg 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]

.............................................
------------------------
........................................................................................................

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

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

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

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

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

X Fad

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

\

AOAD. . 0125002 23F0.C0
oD 2 L REEEO
. & N ‘éo(é:%%S/\j ..................................

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

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

........................................................................................................................................................
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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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5 A carof 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 440N 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 ms™
(i) Calculate, in kW, the power developed by the engine of the car. [2]
az Oms?

(if) 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]
New Powes 2 2L 0O = K oo

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

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

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

i\
3
Q

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

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

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

................................................................................................................................................
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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
28KkW.

- T
(i) Find this constant speed. azOms [31
- D

Cov-

(i) Find the increase in the potential energy of the caravan in one minute.

2]
Dﬁbvxcafﬂwdlmlmfmm ...... d&imce,zf@é-*é(? ................
= ‘561'5
........................................................................................................................ '.\.’.\ .8"‘0..........
lreseoge, in.] L\@ \«tqum .......................................................................
S, = h
UL
......................................... l}.\..........................%l...s........................................
................ Divererensesimscnsierssmsissansasefu st st s s s s R
L“%ls"Oﬁ% ....................
> 5. Fm
......................................................................................................... s-r 0..
Qog,nPE= ....... P OgAl’\ .........................................................................
-
-
........................................ Z . OO0 XIO %S F o
= e R AR N
= Ll 0O
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5 A carof mass 1400kg is towing a trailer of mass 500kg 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™! 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. [51

CM%&«%WWMWM&QDL&WO‘ ...................
........................................................ d ....&‘,‘5.:”"\....

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

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

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

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

150.000. £ 380C00....=. .. BS5.Q00. = A0clsins...
i B2 OO0, 2. E8E.000...=. A0 shE sk
"3250@1“(01000&15”{ ................................

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

ft

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

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

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

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

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

........................................................................................................................................................
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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]

Ed. Oxchammusng .....................................................................
S 52700V "su‘b*lo;s .............................................................................
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