Past Paper‘ Questions: Linear Motion Under a Variable Force
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A particle P of mass 0.4 kg travels on a horizontal surface along the line OA in the direction from O

to 4. Ai}‘ resistance of magnitude 0.1v N opposes the motion, where vms~! is the speed of P at time
ts after it passes through the fixed point O (see diagram). The speed of P at O is 2ms~

(i) Assume that the horizontal surface is smooth. Show that & —-l, where xm is the distance of

P from O at time 5, and hence find the distance from O at which the speed of P is zero,

(i) Assume instead that the horizontal surface is not smooth and that the coeﬂicienf of friction
between P and the surface is %. '

(a) Show that 4% = —(v+3).
(b) Hence find the value of ¢ for which the speed of P is zero.
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article of mass 0. . . o _
gc?m a fixed | oihto : kﬁ MOves in astraight line on a smooth horizontal surface. When its displacement
P on the surface is xm, its velocity is vms™!. The motion is opposed by a force of

1
itude — N.
magnitu erN

(i) Show that 3&% —s.

(ii) Find the value of v when x = 7.4, given that v = 4 when x = 0,

) F -ma
-1 = 0:2v dv
3v dz
-\ da_: "23\_‘1.
3(-3) di
.,_S'd; = 342‘4_\_1_.

da
._) 1Y v

! ~-5dy = 3v> dv

B lr
14 3\’3 v
(=3 = [,

_s5()-(5x0)= v2-4?
-3 = v3-&Y4

(3]

[4.]
m= D-.’lhﬂ '
(S\wrh )

swee wLEn x=07‘4=’+
and when z=Tl, vE 7
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A particle P of mass 0.6 kg moves in a straight line on a smooth horizontal surface. A force of

magnitude @ newtons acts on the particle in the direction from P to O, where O is a fixed point of

the surface and xm is the distance OP (see diagram). The particle P is released from rest at the point
where x = 10. Find the speed of P when x = 2.5, 71

F:mﬂ-
=O-6véy__
dx

-3
22

-

s v
0.6‘_3 dl

2-5 ) v 5""\(& v,l\en = ‘o ? v :O
-5 3&.‘_: vav 7

x cnd when z=z25,v={
1

o (o]

_5’(_—:]2'5 :[__‘j_::]
“—2 Jio 2 Je

2x*J o 2
>
225> 2x10 2.
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The acceleration of a particlé’};lb{,in

; ; i L I e
a fixed polt O of the ling i roy oo T iEA e fa (x~2A4)ms™" whea its disp acement T

when x = 0. Find T_he velocity of the particle is vms~", and it is given that v = 2.5
(i) an expression for v in terms of x, [5]
(ii) the minimum value of v, [2]
\ ) a. = xX - 2 . L"
vaw = x-2.4
dz 5
v L =0, v= e &
x =
and vhen =T V=
2'5 °

x
vm}" =[£‘.-2"‘ﬂ
1T Jas < o

2
- -3l =<1-_.q-2-“*) (”"1 )

2 2
\Jl 25— = 2’_2' '-2-(‘1'
v* - 3. =
D_- —
v o* ~24x+ 3125
m— = e
2 2
g = xr- Bt €25

v = Jz?-48x4€25

L minimum value © ¥,vdv =0 2 2-24=0
") Fov i -5: dz D z=2ak

Then when == |
v = m(z-t:)-ré-ns = 0l ms

Himmum daJMC °‘f v = 0'-7"’5"'

e
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An Ob‘ﬁa o mass 0.4kg is projected vertically upwards from the ground, with an initial speed of
16ms~ . A resisting force of magnitude 0.1v newtons acts on the object during its ascent, where

el i g »
vms™" is the speed of the object at time r s after it starts (o move,

dv
(i) Show that T =0.25(v + 40), e
(i) Find the value of £ at the instant that the object reaches its maximum height. 5]
;) Fﬂ({ = Mma
v
~ (ovavtg) = 0 x du. 1
- ("%“'*Lr) = 04 dw
dt

-\ <V—t qo) = _é:'-’_
Wl | o

dx
—0-25 u+'-|°) = %’;:_

(Shem)

t 0 ' -\;:07\-’: 'é

~025dr =| 1 v Since ~hen 0-
v4o and when t=t V=

o 16

Fosst] = [l

—0-251% -(-o-:JSxO) = m]tro\-ln ||6+‘r°l

—~0-25%t = L"C-—E-‘%)

t = nelge)

-0-25

+ = |.345 = |15 s:
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: 3
- A particle starts from rest at O and travels in a straight line. Its acceleration is (3 = 2x)ms™, where

xm is the displacement of the particle from O,

(i) Find the value of x for which the velocity of the particle reaches its maximum value.

(i) Find this maximum velocity,

) Fov masamum uclaa‘b) a=0

» 3-22=0
x= '5m:
ﬁ) a = 3-21

vay - 3-2=z

dx
v )
(o) =]
‘5
PR
— o)
2 _Jo

_ 2

J -~ O

—

2 o
¢ = _a_
Y 4
=4
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since vhen x=0,v=0
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ht line OA, in the direction
stance of magnitude

le passes through O

article P of m
gol; OtoA. The ?:ije(f)ﬁi kg moves on a horizontal surface along the straig
ient of friction between P and the surface is 0.08. At resi

0.2v N opposes Lhe motion, where vms-! i
ms
with speed 4 ms™ F—— is the speed of P at time £5. The partxc

. dv -
(i) Show that 2.5== = —(v +2) and hence find the value of # when v = 0. (71
(ii) Show that . Go~04
a2 2, where xm is the displacement of P from O at time ¢ s, and hence find
the distance OP whenv =0
; (5]
) R(T)= R= 0'53 = 5N.
R
() - (froa)ema @y e X
O-
— (0-086x5 4 0'9\0) = 05 dw O 7 5hﬂ

_'O.L'— OQ\.’ = 0'5

5 GD-H—O.QJ)

\l
Ui
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V+SL 25 "'t-,U’:\/
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L»|u+2\'Lnlé\ = —okk =0
Ln \ V+9—\ - —o'it
_o-4t

&
~o-4t
vy = e Ny )
\"J"\@ \J-‘ZD 0] _ ot o4t __I__
0 = Le o2 9 e =73
-0-44 =ln(%>
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§ AP article P st from a ﬁ’f,ed. point O and moves in a straight line. When the displacement of P
from O is xm, its velocity is vms™ and its acceleration is s = 3 ms2.
' +

(i) Given that v =2 when x = 0, use integration to show that v> = 2In{3x+ 1) + 4.
ET 2

s

(4]
(ii) Find the value of ¥ when the acceleration of Pis %ms'z, 21
l‘) a =V _éi{ |
= —
= "dl Ty

\ d!-:: jv dy since when =030z 2 *—>

2 = v=V
(7] z—“ % c‘)d Wkeﬂ 'I =% ?

[l - {27,

[n\ac-h'z\ ha =31~ 2%

a—

2 o
lnl'_z_j—%-l :u“.-,’l_
2 2

v

|2

on B .?Inl_li_ac+j.|+l{- Csh;wn).

7 as .\

= = 1
24 A [
D z+ 2=k
z = .

s QL.,,,_I_,(:&«H’%H'
KR L

. 2 = :zln}:zl—rl-r

v=Jdan + K

V= 2:320ms' 2 2:32 ms™
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tarts at the

A particle P of mass 0,25 kg moves in a straj ght line on a smooth horizontal surface. P s
lacement

op?l;’"from\;lg :spti: 111:;1[? N m;d moves towards a fixed point A on the line. At time ¢ 8 the disp o
y gy e veloci 3 -1 £ e . — x) N acts on
in the direction towards O, ity ‘_’fP isvms~', A resistive force of magnitude (5 =)

(i) Formadifferential equation in v and . By solving this differential equation, show thaty =10 —2x.
. [6]

(5]

(i) Find x in terms of ¢, and hence show that the particle is always less than 5m from O.
.) _
‘ = m o

\.—
‘.. (5‘._,(_) = 0.25 V_j_*’; v=10 5~z
8

- (5-x) - \’__C_)N_,
0-2% dx
L\'Z"QO: v oW

d=
[ \’ = =10
j Y2-20 da =j" v aince when 7 O,
e 10

C.nd when z=7"
: N J
i >
Yr> 202 | = v ]
’.:: 0 2 Jio

. T Oy o
{_21 ’QOZJO- -‘Z’_—- e}

v=Vv

2 50
@e-2D-0
B
,2.3,-201450 = %
O:V:_

’41?"""{01‘”0
2 -y 2
’ (21-—\0)

Y i’@z'—\d)

0 & VUse V=& --(27_-10) e v =10-R=z

When =09V~

T) vV = d"— ::lO'_21
at
t A J tolf sin €2 when +=O,'L=0
x =
A end when -{:—.:'I:,-:L:x
jo- 2% °
o
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1

oA pz;rucle p Offmass 0.5kg moves in a straight line on a smooth horizontal surface. At time s, the
d¥|s‘p a;:e_m(;:ntti P from a fixed point on the line is x m and the velocity of P is vms™'. Itis given that
whenf=0,x=0and v =9, The motjon of P is opposed by a force of magnitude 3vvN. ~

(i) By solving an appropriate differential cquation, show that v = (27 - 9x)§. (5]

(ii) Calculate the value of x when t=0.5. [+

)

Ly (=N
Fop =™

alv
-aJv - 05¥d é—_—.\'

m= O-Sba

nonyow
_Doo-r

+
2
v

AN =\f__o_\_ﬂ__

ax
Tode = L she he 2=0,v=9
| IV
q

ond when ==V =~

e
jt—é dx =§ JJ’U‘ dw
0 q

3
ShH-Cx = 2°7 (8
3
18 -&x = 2%
3
3 18—612 = g
2
% 3/a.
20 -9% =V
3
=) v= (27—"[1.)2/ .
-"_) v = __éi_ :@.7"‘11)2(5
c2 _3;{: 05
5@1-641_) de=| At - snee when z=0,+=0
o 2 ) and ~hen x.=7,4 =0.5
x °
[_(31:,“1)_1 - 1°
T s
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: i t of P is
1 A particle P S, from rest at a point O and travels in a straight line. The accglefa ion of
(15 —6x)ms™", 2 ‘where xm is the displacement ol'P from O.

. s maximum
(i) Find the value of x for which P reaches its maximum velocity, and calculate‘ il
velocity.

(51
g 2
i) Calculate the acceleration of P when it is at instantaneous rest and x > 0. 21
;) For -w\azimum vels cx‘-}a ) a=0
=) s—6x = o
= I5_ = ’2‘5 m.
&
a = 15~ 6%
vVdw = & (5-61
dt Smcé
v 13

j vadv = 15 -6« dx A when -z.:O,U:.O

and when =%y V=
o] sl
-:,: ‘_9‘_ <b'l. .31.) (5(-‘-") 3(>) )

2 2
2 = 15z~ 327
vZ = 30z 62"
= J 302~ 6%
When 25257 v =J30G5)6x25" = 6123 = &2 ms™

'ﬁ) When P i o nslrfmencs cest,

v=0 2 d30z-¢4> =0

ét(5~x):0
s e O or 'x=5'

C\'t) nore)

) \J\\eﬁ 1557 a = '5—6(5)':-_'—’5.M5'_2‘.-
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3 A particle P of mass 0.4 kg moves §
- attime ts. A horizontal force of ma
“whent=2,v=4,

s

(i) Express in terms of k and v, and hence show that v = (¢ - 6)?.

)

n a straight line on a horizontal surface and has velocity vms™ -
gnitude k+/v N opposes the motion of P. When ¢ = 0,v=9and

1

[5]

(i) Find the distance travelled by P in the first 3 seconds of its motion. (4]
F = ma
~RJV = 0
dit k-J9 .
RV = o <0
_— —
04 dt 4+=0 t=2
= v =‘+
2eRdv = 2w v=1
dxr
—25k dk = |1leV
i

When +=0,v=1
2) ~25k(0)+ ¢

c =6
. ‘_2.5\2%,*_6: 2~l\l
when 4=229=H
# 7T aer@eem AT
_5k+é=H-
=—-—'1 ::OI"'
, e

_’ﬂ‘e)q F’Q.SGH_),t,t_é::QJV
¢-x =23

(+-0)= (2 &)
(k-e) = kv
=) WIS -—L%_-‘ ('L' '6)2'
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p Ims
—_
(0] ‘0.5m j

0 a.nd A are fixed point§ on a horizontal surface, with OA = 0.5m. A particle P of mass 0.2kg is
p'IOJeC‘ed horizontally with speed 3ms™! from A in the direction OA and moves in a straight line (see
diagram). Attime s afler projection, the velocity of P is vms™! and its displacement from O is xm.

The coeflicient of friction between the surface and P is 0.5, and a force of magnitude %li N acts on

P in the direction PO,

@ Show that, while the particle is in motion, v3". = ~(s+ .'~’_), 2]
dx x?

(i) Calculate the distance travelled by P before it comes to rest, and show that P does not subsequently

move, [71

;) Fe+ = ma

s .§’+9__!-_[_ O-Slv_c_:\__d_
x* dz

__(0.5@-23+_9_ﬂ:__)a ¢ dw

— pu
—

T
- C{ﬂ.

Q-2

z.—.o'5

2 0
'\T) j\__ (5+_2__) Qe = | vaw Since when =04 v=3

and.  whewn <=2 ,v=0.

—~|[{ 5x-2\ - [5x05 ~ % :,_9.."'.?_-
X 0~ oy 2

- 5t-24 2 = =1,
pd 2. .
-3 = -9
- &+ > — =
52 Pl 2 2

D R=-52%+3x =0
=3 5232 -2 =0

BB, D S 22 =0
sz.—l—l)@_-—l)so

- 22-Gyere) . %=
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* Diskore muelled by P = 405 027
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r moHon qf-}&r c’"""\j il ‘_es{._ oF = =| m,

pne*_ = O-:( ___:_y. o.l{/zl

v &
S z N

B not T g.5x0-29=]v. -
iy eenoda |

Obxo'Qa
’”\ev-esvf€7+o couse "Hﬁ block ""bS’)‘a.r"I‘\'novt‘na,
O-4 >] bt o =1, 0§ - oY ~0-4 pJ

2 - 1*
> The &’"ce dovards O is less Hhan He maximen UC"'c—kG"QLOC'CE
end so P does wot _sulase?«.e:x% "Move
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'l:‘ A particle P of mass 0.4 kg isreleased from rest at the top of a smooth plane inclined at 30° to the
horizontal. The motion of P down the slope is opposed by a force of magnitude 0.6x N, where xm
is the distance P has travelled down the slope. P comes to rest before reaching the foot of the slope.
Calculate

(i) the greatest speed of 2 during its motion, [7)

(i) the distance travelled by P during its motion.

C) F” = ma

n
OYgsin 30"~ 0-67 = 0§ v dv
dz
0-'-(3:;?“30"—-0-61 = vdw
04 dx

S—‘I'S'X_— Vv v

v -
L5' 15 d =) v as when z=0,v50

° and when zx=%> vz’
o

5 2.
1527 ey v 0%
1580 Grosst= S5 T
e 1 o

- (oo - 159 = [ 1so. = 4.082 mg & §08ms™
ERIE

:I-__:O:‘L

T) When v =0 =) \ow —15%
—x_(m-\'sﬂ'-) =0

z=o ofr lO—\'S"-: D

:
W)y

8700/61/M/I/12 . 'y

Tercfre P eomes 4o st ak Hhe b of M slope hon 2o G m.
Ten distance Araselled b[j P""‘“"}j tts e dom 26739;'""
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5 A Pam‘:lef};, ‘:g i (1) *25kg moves in a straight line on a smooth horizontal surface. At time #s the
velocity 0 vms °. A variable force of magnitude 3¢ N opposes the motion of P.

(i) Given that P comes to rest when t = 3, find v when ¢ = 0. [4]
(ii) Calculate the distgnce travelled by P in the interval 0 € r € 3. | [3]
) F =ma .
-3t =025 v m=0-25 E3
-2t ob e

S-I-ﬂ: ak (j' av as when +:=39v= O

and when gztov=V
—12t ] [ ]
[é‘l’. = N —

~¢t” - (—6*32) =Y
sh-6t" =Y
v = Sk—é@);’ B4 ms”

1

when 1=0,

T‘) Vv = AL = 5’1.,——-6t2

9708/52/M/J/12 |
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it A particle P of tlr:lass 9.2 kg.is projected horizontally from a fixed point O, and moves in a s&aight
line on a smooth horizontal surface. A force of magnitude 0.4x N acts on P in the direction PO,
where xm is the displacement of P from O,

(i) Given that P comes to instantaqeous rest when x = 2.5, find the initial kinetic energy of P.  [4]
(ii) Find the value of x on the first occasion when the speed of P is 2ms™'. [2]
;) . F = wma

o4z =o02vdy m=0"2%4

dx r_,_zéi—_ag—’f'm‘

'“2'1.:\!3‘_1'_{_ o) P
=+

jzfli Az =jo*'d» aswhen 2=25,v=0
v

o . ond when 7(.‘-207":7.

25 °
__2.,,""‘] _ Vz]
4l 15
2= iz o N RV
25 o
’_133 - Ol -y
. N -

(as™)-0"= T
2.5 = =24

v =di2'5

2 |
- ax({as ) =125 J
o Toial benehic eﬂe’@j z T(Lﬂ *0 "(‘ )

'"_) »—21’""3‘#-'

o
- SL\; A since when X =2'57U=O
J,fz‘(o\‘l "J and when 1:‘-'(9\1:.'2.
0
25

2 .
P 2
,.1.1} = | ]
Y_ 2.5 a_Jo
a2 2
2y _ 27 -0
11,(_2-5) - = A

2 _ 7-2.. - 2. .
2-5 Ny —Jas>~2 =206l me& =z 2.06m.
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1 A pam;: ::;f Tuajs 0-2kg is projected vertically downwards with initial speed 4ms™. A resisting
i el L vertically upwards on the particle durirg its descent, where v.m s”

the downwards velocity of the particle at time ts after being set in motion.

Gj Show that the acceleration of the particle is (10 — 0.45v) ms~2.

(ii) Find v when ¢ = 11.5.

;) F =wma

ne 4
0-23-o-oﬂu = 02a
O'QS—O-DC‘U = a
0-2.

= a=10-045v.

—'i‘ _C_li. = 10-0-45v
dt
’ l av = [.So_u: - as when +=Oqu=lf
\0:0"[5\/ oy and vhen {:\-57 u‘.‘-?
l‘-
v v5
{ln ho—o-hSu\:l = ['t]o
-0-45 I
__J._-[!nho-o-ll‘ju]— Lnlg.g[l = -0
-0.1,,5
ly | to=0-45v _-0615
2.2
-0°615
|lo-0-45v  =¢€
& 615
; . — 1D
v = b3 (=4 _ |
~ —O-I{S

v = 13 ms lQ"imsF"
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18 A particle P of mass 0.5 kg maves in a straight line on a smooth horizontal surface. The velocity of P

isvms™' when the displacement of P from O is xm. A single ho

(i) Show that v = 0.8¢%",

(ii) Find the time taken by P to travel 1.4 m from O.
) £ = ma
Olee® = 05 v

%L

€
[0-39. ez] =
, 0

0.32e™ -0-32¢°

Il

0-32e*-0-32

\

S 0-32e”

1
O
L)

1
P —
»

\
N

»

1)

\
)
-~
2
\

—
. -—
..

‘ ) Y
0.l6e Al:j N AJ
- 05 )

dz
as when T :O‘)"': 0'3

=V.
and vhen &= YV =

o
2
-—\-J-‘-_'
a

J
0%
0-2%

~J —

)
ot

['25& = |.2€ 5.

9709/52M10/13 .

rizontal force of magnitude 0.16e" N
acts on P in the direction OP. The velocity of P when it is at O is 0.8 ms~.

(6]
4]

m:O'S% o- lsgi

—

O
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‘ : 0.2kg move f length 1 m,
A small ball B of mass 0.2kg moves in a narrow fixed smooth cylindrical tube OA o : el

19 . -
closed at the end A. When the ball has displacement xm from O, it has velocity vms

direction OA and experiences a resisting force of magnitude T N.

(@) ' : i
B .0 —

1.2ms™!
- Im

The tube is fixed in a horizontal position and B is projected from O towards A with velocity
r travelling 0.55 m, show

1.2ms"! (see diagram). Given that B comes to instantaneous rest afte (6]
that & = 0.1803, correct to 4 significant figures.

(ii) The tube is now fixed in a vertical position with O above A. The ball B is released from rest[ 2]t
0. Calculate the speed of B after it has descended 0.1 m.

'\) ‘ F- = mAa
0.2 ug\_»«_{

e dz

- ~1
sgl x Jg= l-.'ZM.S
o

iy ag when == 09
5 = At:j s and x:O-SSqJ:O
\

\
vl
n

e —
0-a (\—1) ~a.

2

[+] o‘ss =
I—sk x E_Q_il:l } [’\’f}vl

~ 0.2 v 0-1803

028 _—-I-:'z"" dz I‘Z‘j
0.1803 = Vv ,éf-' | 0'2(]

.2a -
A

1=, 08 Q1 = V ..i‘\-ﬁ'- '
o< 4 "
ol 7 de=| Y dv as when x=0,v=0
|.0 = %—“ Md wke_n = 0" 7\‘,: ?
-] l 9709/53/M/J/13 .
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s

—0°| ::19-
lOx - 0-90l1 lnll—-vt_\_ :[’\_’__

L"‘) do % Jo

-

- ol
[\0'1_ +0-901 7 lnl]_—-z}} = v ,Bi
° 2 a.
=) [\oxo-l 4+ 09017 ln Ii-o-l)]—[mo.;o.qonxl,,(l)] :__3_:

0-9049 = _\f__
o R

=) V= "31‘1'5.(05—'

V 2 (:3Gwmg”!
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0 5 particle P of mass 0.6 kg is released from rest at a point above ground level and falls vertically. The. -

motion of P is opposed by a force of magnitude 3y N, where vms™ is the speed of P. Immediately
pefore P reaches the ground, v = 1,95,

@) Calculate the time after its release when P reaches the ground. | 5]

pis now projected horizontally with speed 1.95ms™" across a smooth horizontal surface. The motion
of P is again opposed by a force of magnitude 3v N, where vms™! is the speed of P.

© (i) Calculate the distance P travels after projection before coming to rest. 3]
'\) Fre = ™2 o5
0-63-—3\1 = 06 xadv }
dt Jo- ea

Dby =2y

06 dt —_—
l0-5v = 2w
At O
W =
. dx = 1 .
? Jo j lo-5Y and when 4=t ,v =15
(o]
19
Y—L]t = lnllb'b"\]
(o] ’5 o
In 10-5C)

M- I
Lt =01238s
) . F =ma m:o-sha
_av = 06V 3v Regt
. d= p— @
td _(0.6v dv as “hen x=0,v=195 ST
=] 0:6+
j = -3V cnd her 2= 7,9 =0 (50 at res‘{')
° 95
* e = J'?-O-R dv
+as

o

o
. ~0 = '0'1["]\-‘15
. —o0.afo-1-95] = 0:39m.

g709/51/M/J/14 .
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" A s.mallt t;l;-) Ck ;B of mass 0.2' kg is placed at a fixed point O on a smooth horizontal surface. A
horizontal force ol magnitude 0.42 N is applied to B. At time_t s after the force is first applied, the

velocity of B away from O is v m s-!.
(i) Find the value of v when ¢ = 1, (2]

\
For #> 1 an additional force, of magnitude 0.32¢ N and directed towards O, is applied to B. The force
of magunitude 0.42 N continues to act as before,

(if) Find the value of v when ¢ = 2, 31
Fort>2a lhin} force, of magnitude 0.06/* N and directed away from O, is applied to B. The other
two forces continue to act as before.

(iii) Show that the velocity of B is the same when ¢ = 2 and when ¢ = 3. 3]
'.) F = ma o
=0
o = 0:2xa m J £=0-42N
2| ws= A S
v 0
USina V= uta
q:O-rR-l(\\: 2\ me
T\') Fne-} ol b 032t SELY
B
_osat = 02
o.4a —03 -a}"
= dw
~D- 2“'— = —
ﬂ%..g-—g—" Ak
0% 03
a4 — 16t = °® y
2 Ak = v as when +=lyu=2:l
2.\—\'6* - and whey +=299="7
2°)
| 2 a2 4]
-— \"" L
Q.\t'\'ét } =
g [ -

2
2 = ‘J""z'\
2.1+ ~08&t Jl

—0.8(2Y \ - 2-1(\)-0-8&\’] = v-2'l
\::2-\(2) ) 8(2)1 [ " o

_::) N = |'8 MS-|'

9709/53/M/IJN4 .
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e

) Frey =ma

o-DGtz
0-06t*+0-42-0-20+t = 02 dv
—— 32t :_;_90'1"2“,
T o |

I e o
0.3t 2\ - 14t = v,

dt
>

N o7 =2 \-’="8
30-3t=+2~l—|‘6‘t &t = w as when =7

2 8 o,du)\en+=37“:7
0-3£ 34 2. b -1-6L" > [V] ’
3 2. g

32
3 ] - 0. 2 - \I——l‘g
[O-H’: +2.|+ -0 84’.]1

G).lx33+2.| x3-0-8 :(32)-(0.|‘23+2.] ‘2—0-8":’:}—‘\1 ~1- 8
O =v-LlEg
= vz=\8ms.

/l‘-\a Udba."}cs hen +=3s = \'g"'s"':\le-("‘“a when - _ 2s.
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22

A particle P of mass 0.1 kg moves with decreasing speed in a straight line on a smooth horizontal

surface. A horizontal resisting force of magnitude 0.2¢™* N acts on P, where xm is the displacement
of P from & fixed point O on the line. The velocity of P is vms™' when its displacement from O
is xm. .
(i) Show that
dv -
rrie ke™,
where & is a constant to be found. =
P passes through O with velocity 2.2 ms™!.
(i) Calculate the value of x at the instant when the velocity of Pis 2ms". [4]
(iii) Show that the speed of P does not fall below 0.917 ms™", correct to 3 significant figures.  [2]
) F=wma
02 =0 vdw
. dx o.2e._x'
~0-2e” = vdw «—®
.—-#-—6—.-“"— dl' - m=0 ‘l %
X |
=8 ax
W R=E -2
e x - _ Yo sinch when z=09v = 2-2.
u ~-RQe™ Ax = : ?au= 2"
2:2 as when %= V7
o
— — ’_.-—-4 =
o Jo L& Jex
2
-2 2 ‘2
Ae 2 Tz
26 - :)-
. e-i = 0 "Iq
o = - Ln O'7q

v ) 'L:O \J-‘—-Q‘Q
s Ai. = J d," snce wl\e'\ 7
a2 and whéen 2= x,v=V.

8708/51/M/J/15 |
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s V= L,_e,"x+0-8‘1—
Ae 2150 ) @_XP—)O ¥ 11'8_1—1-0-8"( — 0-8k

\JD’ ::D.BL’.
U:.IQ.SH_

V=09165 =~ 0-9| 7 "
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A force of magr}itude 0.41N, .applied at an angle of 30° above the horizontal, acts on a particle P,
where £ is lheitlmc since the force starts to act, P is at rest on rough horizontal ground when £ = 0.
The mass of P is 0.2 kg and the coefficient of friction between P and the ground is A

(i) Given that P is about to slip when ¢ = 2, find p2 and the value of ¢ for the instant when P loses
contact with the ground. [5]

(i) While P is moving on the ground, it has velocity vms™ at time ¢s. Show that

dv__

— =2, -4,
W 165¢-4 3303
where the coefficients are correct to 4 significant figures. ' [3]
(iii) Calculate the speed of P when it loses contact with the ground. [4]

i) R(M): wher 4=2,
0-24 = R+ 0U()sm 30°

2 =R+ 0%
3 R= 14
R(a.)', ¢S~ = O'l{xlxc.os.SDo
g = 23 .
5
SRS :?SR:_ - »‘-‘-—C; _ 04330 % 0-433.
6
wWhen contact ts logt with Hhe de-"'cl; R=0
R(r\‘\) 5 O-4+ sw 307 =029
+ =023 -|(0s.
0-[1 s.hSDo
_ﬁ) R(*{‘\‘- —p—=Tre

R+0-4t sm30° = 0-29 .
R = 0-:23—0-‘{-!: sy 30

’ R = 0-23-0-2-1:
R = 2-02t
.§‘= T‘R = o-lr330(.2— O-:l—b)
“Then R(—)) 3 F=mea

0-Utews30” '—f = 0-2 x dw_

i

0-Yt wos 3004— 0-4330 (2" O-."H:) = dw
- 0-2 =

=

= Q‘IGS'L'—l(-BgO.

C.Showw) .
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j j-’-? €5t —& 4-339° At gimce. ~hen L= X5V

anad  when -L::lo’)": ?
v = Ez 654> — \- 350*5:]
. i o I

2
v — 0O = Q.[éleOj __1‘.330)(\0)_. .'2-165)(% - f.33890K2 .
5 £y

V = 69 .28 ms'=€9:8ms™
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A CydiSt and her bicyblé héve‘é total mass of 60 kg. The cyclist ridesin 2 horizontal su‘a‘i’ght' line, :I::_
exerts a constant force in the direction of motion of 150 N. The motion is opposed by a-,xemstan.c ‘A
magnitude 12v N, where vms™ is the cyclist’s speed at time ¢ s after passing through a fixed point 2.

(i) Show that 5%‘; =12.5-v, [21

(i) Given that the cyclist passes through A with speed 11.5ms™", solve this differential equation to
show that v = 12,5 - ™%,

@l
(iii) Express the displacement of the cyclist from A in terms 6f L. 31
D) Fep = ma

150 - \Q\\, s éo _é__"l_., " -
ok —0
2 (25 -v) = 6o M m= kg
‘ oty
|25 -V = 5 Y Cswﬂ) )
dk
o o Y ' i hen + =0 v= -5
u) | dF = 1 dw SinCE ’ L
5- ]Q.S-\f and when t= + WV =
2 W5 ,
+ _5__\,]
+ = |2 ]
[:-5-39 [ P W5
= o = — bn llﬂ‘§"V\ - [—- Ln|l:1-5“l\‘ S\J
< 5
+ = - ‘\2-5-—\’\+ln]:l.\
5
=% = ln “2'5’\’\
5
-o-2t
- 12-5-V
’ < —o-at
J = S = e
~o:at
'ﬁ) At = 1256 -¢
ax
z )c|.25: e.-o-z-t et as when +=0,2=0
dx =\ 12°7
\X" o ::no\ whe’\ ‘E:'{? 2= .
=

—o- t
3 - \st-& O
{-x_ e i -0-2_ Jo
+
__o-__')_-i;

9709/53/M/J/15
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ne inclined at 30° tol the
ocity of P is vms . A
lope through O.

v rm—— ———— . s

A P_a'ﬁde P of mass 0.4 kg is released from rest at a point O on a smooth pla
horizontal. W!u:n the displacément of P from O is x m down the plane, the vel
force of magnitude 0.8¢™ N acts on # up the planc along the line of greatest s

(21

dv
that v— = § — 2%
(i) Show that y 5 =2e™%,
[4]

(ii) Find v when x = 0.6,

—

|) They = ma
O-‘laﬁ‘wBO"—U%e"‘: 04 vdv
x dx
2 — 0-8e = O-Yv dv
da
2 —0'86‘1: v ég_
o4 a1
5-"23-—1:: A\ é’_
Adx
; 0.6 v : . v=0
wh -x.—O)
: pe gy < [weks  o0E S
“) 5 -Re A'L— hd and w%en.tx,;o.é,u:?_
o o
0-6 v

2
3+ a2 B — vz
60-6 i» 18
2
2+ =) =V
o6
(=4
’ a(l—'——-'-?'--* = v
06
e
g = L-OKkE ws™' = 2:05ms™

9708/51/M/J/16 .
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o

21 particle P of mass 0.4 kg is placed at rest at a point A on a rough horizonta

R U S ——
= o ———

- - — - -
- — — —————— =
P -

1 surface. A horizontal
force, directod away from A and with magnitude 0.6¢ N, acts on P, where £3 is the time after P is

placed at A. The coefficient of friction between P and the surface is 0.3, and P has displacement from
Aof xm attime ts.

-—

(i) Show that P starts to move when ¢ = 2. Show also that when P is in motion it has acceleration

(1.5t=3)ms™2, 3]
(ii) Express the velocity of P in terms of t,fort 22, (4]
(iii) Express x in terms of ¢, for £ > 2, . (3] »
\ = W . = k= 0-3.
) JiERERIE ©5 & GG 2 B2 ot least R
or P 4+ sdart rvw.‘na.? resulttand :F,.-(_e should belzere 5 o0-6+ -
06+t =\
(o
+ = "1 = 2 s 'fd
06
ﬁ"l’ ‘L ;’. 2 2

F:\e’_-i— = ma
0.6t — 1A = oY d

D&+ 122 = &

o
1.5t -3
Cshm)'

M

a

dv _ 11553
At

VCL, - -*:;.54:-3 dx Snee when T= Q,u_—:O
jo ’_J’:. ond when =1,V =V.
O

- | st*-3t +

L =i a
N (o.qst’—adc)—@-'tsu‘—sxz)

_ o-15¢*~3t - (-3)
V= o015+ -3t + 3.

-

<

Qe = OBt T3+
— F.——

v
dxt
o ;-"ISt“-—at-rB at Since when =2, =0
di —'5 Qﬂclw"\e.n +=-{:’ T

0 2. k; _— +
= o-15t" —3t +
(z'-o) - [ 3 2 ]a.

9709/52/M/J18B .
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t,.
X = O-QS'(:?’ —_B___'{}_z*g-ti]&
o

=
X = 0-25t3—3t2+3’c) ~ (o~:¢5x23——3x2 —*3‘2.)
2 2
X = 0.25{:3",%9'}‘3{: = (&)
x = O-QS‘tgf—B‘tz'i’ 3’(:*&
v 25

o = 0_25{3 —1'5t*+3t - .
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—

. I i R} . : ) . . ; )
g A particle P of mass 0.5kg is at rest at o point O on a rough horizontal surface. At time ¢ = 0, where

. - -
s oon sk d it e ABASEE - S

tis [;,n :e::ciis.oa:g;zontal force acting in a fixed direction is applied to P. Attime ¢s the magnitude
of the force 1S U.6r" N and the velocity of p away from O is vms~'. It is given that P remains at rest

at O until £ = 0.5,

@ Calf:ulate the coefficient of friction between P and the surface, and show that

dv 2
d—‘=1.2t -0.3 fort>0.5.
At 42055, Jackom is "'“‘“l:“(‘j‘
R(’a) .§ = 0‘6{1
“R\ = O‘GKO.S’-
\‘(o-snﬁ) = 0605
p = 06x057 =003
‘ 0.516
Fr t 205, Frey =me
A0 — 05X du
0:-6t 5" at
o_é,c:z,_o.oa.xS:—' =
0-6x” — 0-03%>
oS &5
12¢%— 03 =2
A

(ii) Express v in terms of ¢ for ¢ > 0.5.

0.5

5 +
1r2¢° _ o-3%t
P --'5"' 'S

+ v
J r2t*>03dt = J"l‘-’
o

= v—-Q

@-11 ’c3~0-3r£) = (O'l{x 0.5 ~03x 0-5)

o.q—LB-"O'B‘L' =
0-4+3-0-3t +0-].

AV

Co)

]

—-‘-—-——'-—_'

9709/51/MIIAT .

(3] |

!!R o-6t™
O. ’ 0-39 2

[3]

since when +=0:5,v=0
G.nA W\'IEI'I ":=—L')U':\I-
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(iii) Find the displacement of P from O when ¢ = 12 (3]

V= dL — 0.443-0-3t+0"l

g:c

A e =D :O
:)jdx: 0-4t>-0-3t+0-1 Jlt Elgi <D, °E OS.W

o c.5 ond vhen t=l25v =]

Y 2 P
% -0 =|0-4t* _o3t +0-H:]
L o o5

(Rp-%
o= - . 2 3
x = B.H ~0:151"+0 I—Ljo_s
L a
= CO" «1:2%-0J5 x 122+ 01 x 1:2) - (0:1x 0-5 015 x0-5%0.1x05)

~x =0.0426(= 00926 w.

9709/51/MNNT .
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8 A small object of mass 0.4 k?g, is released
descends veflically and when jts down
has velocity vms™!, While the object i

(i) Show that vg_—: =10-0.5v2,

Fnc-i- = B 5

O'QG -0-2vi= 04 vn
dz
b-oato g,

o-y dz
o —0'5\11: v QA

oL
(ii) Express v in terms of x.
z v
dz = v dw
o olo't)'s"}

- -V
" . 10-0-5v

z -0 = '[h‘lo'o'503ﬂ°
z = - [l"""'o's':\'l”('oﬂ
A

10

"

ln

IR

10- 0-5v*
x€X
e :__-E____;
10 - O‘-S"'
-Z
2
\0—‘0‘5\' = Ioe -
i — - ~J
o - 10€e < — 05
quEs 2017 9709/52W 1T .

from rest at a point 8 m above the ground. The object
Wwards displacement from its initial position is xm the object
$ moving, a force of magnitude 0.2v> N opposes the motion.

[2]

Since when z=0,u=0

and when =z u= v

v

|

Scanne d with CamScanner
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\oO-e“): 0.5v2

)OCI -x) ~T R

"
¥

0 (l-

(iii) Find the increase in the value of v during the final 4 m of the descent of the object.

Tncresse ™ vale "{ v
. (g) -v () o
Tae(re o) ~{2eC-e™)

=1
- o-ok0k ms

\

\

4709/52/MIT
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9 A particle P of mass 0 4 kg is

roj 3
At time ¢s after projection thg VJfCth honmma“y alOng a smooth horizontal plane from a pomt 0.
trom O acts on P and a fo elocity of P is yms-! . A force of magnitude 0.8¢ Nrdirected away
rce of magnitude 2¢~!' N opposes the motion of P.

(i) Show thati- 2t - 5e~",

[2]
Frey =Ma

O0-8+-2"" =0 Y dv 2t o2t
08t -2e~t _ 2l
0y ax

D dw - 2-5Be™"
ot

(ii) Given thatv =8 when ¢ = 1, express v in terms of ¢

Jc\u J’R-t ~Getdt She when t=1,v=8
onol when —.‘;:'t‘?v:.‘\l.

v—& :CQ.-E"53? 2% |- Se‘)
= - 2 -

v -8 = 2%—;‘5.@:‘:—-:’_2*_5_) = +%48 -1-5

(3]

—

= - 2 e et
2
y = 2t +5 +?"5-
57 et e

9709/51/M/J/18
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(iii) Find the speed of projection of P, ! 2]

2 -,
V=045 47-5 = 10'|{mg'=10:2m3
e’ =
9700/51/M//18,
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b ‘ Tt ;

0 {Apall‘;l::z ﬁl:fv:?isi? i?ils releas-c :j from rest at a point O above horizontal ground. Attime ¢s after

= reon P heve rtically ‘sd" ms™ downwards. A vertically downwards force of magnitude 0.6¢N
i . ¥ upwards force of magnitude ke™ N, where k is a constant, also acts on P.

dv ‘
(i) Show that == = 10 - Ske™ + 3¢, [2]

Fﬂﬂ-}' = Mmoo t
0123+0'6¥—ke't: O'J‘_é.‘!. ‘ ke
dt ' | Jo-et
0-29+0-6t ~ke"t = du. ‘ o029
- o0-a. dt .
= dv -10-3t—-5ke"t. S
dt
[3]

(ii) Find the greatest value of k for which P does not initially move upwards.

For P 4o wmot move u.f?wc.rd.s hf‘}iﬂ%,
M O whey £=0
dt

. 10-3(c)-Ske =0

lo -5k =0
lo = Bk
= k="

9709/52/M/J/18.
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(i) Giventhatk =1, and that P strikes the ground when £ = 2, find the height of O above the ground

[sk
A = o 43k -5()e

& = 1043e-5e"
(jvd” fj):b*at—Se_t shce wben +20=0
(]

ead _;,e_n-i-:'f:s":'t :
[ 3 [\o-’c.l-'i':t +5e }f

>y ge
2 -t\ - o380 4
v -0 :Qo—tf?’;_ x+ 5e ) CO* =

_ -t
v = ot +§£+be -5 .
2
-t
di - (ot+3t. 45e -5
—_ 2.
dt O x-
- 2=Q
» 2 , _5 shiée wken + ?
dt = (ous; +5e od hen F225%

2 57 5(:)] %xo‘roj'ﬁsehb"s@)
~r\*,2° -5e ~ = =y :
x ["@ b=

y = 18:3& = \8: Sm.

9700/52/M/J/18
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A partic_:lg P lis nluwing along “';!raigh't
uis its initial velocity and £ is a consta,

et stan ‘
increasing displacement from the initial position oclty and acceleration of 7 are both in the direction of

(a) Find the time taken for P 10 achieve velocity of 2y

line with ace

L The vel eleration 3ku— kv where v is jts velocity at time ¢,

(3]
Q= 3ky-kv

A - Bka- kv
dx

au t
j | dv =j dk Since when t=09 v=u-
v
o

, 3k - and vhey t=t,v=AL

aka-kel] " 2 -0
Yb’ ‘ib\ Ju (=)

=l [m\ah\;-mm\_ lnlBku—hﬂ-I] = ¢
k.
=0 [t.,(\m)-ln (e = +
k.
=1 ln(__kg__) = it
k. 2bw
== Fi
(3
:_l_<,b12) =+

92313174/0120 -
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b) Find an expression for the § : |
® T the displacement of P from its initial position when its velocity is 2u. (5]
a = 3ku-kv

ve = 3ku-kv
dx

: : ; gy
5 v -'-‘sz \;
3ku-kv . -- !
__..L- aw :j Ax ‘ ‘ ‘I‘

——J—J___LJ__-O\” :jcll. I | ‘ | "
R —V ] G
~ -V 13-&]‘7—‘ o ‘

[ | +_3% | dv = | dx since when z=0,v=x i
j 3V ondwhen = V=W R
3Bu

\ X‘z“’\i’ B‘L_dﬂz clx,

R Ju 3u-V -
" =-o0
_!_,,31-\; = x—
_,L_["" + 3u I ]
R =1 W
N

1 [,v —-3&&1[3&'“]}: <
78

e __|__{<.2M,31 b [31-:54) . Cu - 3 o \34»&\)]

__-’L_[(_zl—&;lnm) ( —Balm.’u)}

-\ l—zu
- k
2
‘ 2..!.-{-&4—34-‘":)‘

’__'L_[ u.+3ul"-7;] “— [3ln2 Ij

9231/31/M/120 -
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A particle Q of mass mk ‘

2 mapanitude mkv N, where vgmf:!-IS 'from rost under gravity, The motion of Q is resisted by a force of
g » is the speed of Q at time ¢ s and k is a positive constant.

Find an expression for v in terms of g, kand ¢

: (6]
Fne+ AL im\w
h’(j"‘"'k" = mdw iy
dt
J-kv = duw |
: dk

ot

snce ~hen +=0,v=0
O'J"A “hén +='l:,v_'.‘.\/

)
‘ )
C—/D
o <
C\DX
x |-
<
o
<

3 3
~kt = tnla___fhv
g
6—kt—-— j"‘hu
d
-kt
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Sms-! v -
—_— . NN N v m s_|
o 200 A

A particle P of mass — o kg travels in a stra
the fixed point O w:th velocnty Sms”
and its velocity is vms™

ight line on a smooth horizontal surface. It passes through
Vat time ¢ = 0. After ¢ seconds 1ts displacement from O is xm

» P is subject to a sin
gle force of magnitude N which act: direction
opposite to the motion (see diagram). ) 200 Ml

() Find an expression for v in terms of x

[4]
(ii) Find an expression for x in terms of 13 [5]
(iii) Show that the value of x is less than 100 for all values of ¢. (1]
'q ] F=wmec
-V = _\ v_é_u_
X1l 10 dx
- \ov = .-é”—-
e,
200V di
-l = r—‘ﬂ
R0
. dﬂ since when =0, v=§
J‘ odvhen x=m,v=V
o)
_1} - [ J
20 Jo 5
-2 (_::_9--) =v-5
G0 N2
2 = v-5
=
- 20
. - 5=
v 20
T]) v=dt =5 ’—;55-
fo
— x-
A"- = o0
a2 '
| dz = Yodr Since when +=0,%=0
1 —
e UetT ard wher F2by 2oz
(-]
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E‘lﬂlbo-zﬂ—'[_[,,hw_oﬂ = i ~ 0
A0

L-(lco) = bn|1eo—=)

20
+
20

ln

;ﬂqu
locO-Z 20

loC —
[Dog—t’m: [0D —=
~-t/20
% = |oco —loee
-+/20
. = 180 (I"'e.

Lo, e 0 and - t>0

—t/[20
O< e

%< |

O > _e-—{:l.zo -

-— l

| > -2 > o

/

lco > loo(l_e_'t/”) = O

Then

O <= < oo

- Vole °‘¥ z is less Aoy |0O j:,wc.jl volue ¢ QJ[‘ x.
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34 Acarof mass 1000 kg is — . : e e
‘ 815 moving ona straight horizontal road. The driving force of the car is 36000

18 4v N, where v ms~

N

and the resistaice to motion

. 1.
fixed point on the road, is the speed of the car £ seconds after it passes a

(i) Show that & < 7000 -2 |
dr 250v : [21

The car passes points A and B wi =
‘ with speeds 10ms™! and 40ms™! respectively.

(ii) Find the time taken for the car to travel from A to B, - : [4]
l) E-e.+ = W
[ReoO ,..I{.\, = lood dw 2geeo
v at v v

28000 - 4y* =
4pcon = 1or

(= =l=AV d't
Mon o o k(mamy?) o Tomeov?
ok \eoov a50v
(SBM)'

.\—\‘) Le);, Lime vhen cor Srowels ’Hnro-lﬂ\'! A be {A ) -hime when car Frovds ’wawgl': B Le+B ]

ez -V
1,-02 By tTi‘ S‘n\r-cev-l'ﬂﬂ'f:=£ﬂ-,v=10
— LV =
‘25j;;;t‘§ 4 whey t=kg,v = 4O

Yo 4
-125 [Ln I’IDDO'V;l] = [*Jk,:
;\25 Y by (1@ -qo’)- Ln(ma»\o’)]; 'I"B -ta

30-bhs = tg-ty
o Time +aken 4o AFranel j:r'm A 4 B =30¢s.
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Scanned with CamScanner



article j
force whenx = 1: P € In terms of x,

[3]
(ii) Find an expression for x in termg of ¢ |
. [6]
iii) Show that the particle i
(i) ¢ particle is always less than 4 m from its initial position. (2]
) ey |
. dz ‘
= (8 -2::_) GR) .
. o
a = w18 o=
i £=0 a= ,{‘Z‘lé .
When x =1y a=k()-l6= —12ms™ e
F=ma
F =025 (12) = -3N
hag
11\60 rCS:S'l"‘"(j Jyr:&lmo%-ni“h‘-dﬁ EINE
z oe ®

“and wWhen t=t,x=%-

1)

-—

O D j
08-2'1_ o
[[,,\ngz\ +
| B7L%]

-2 o

ak Since when +=0,%=0
0]

|8-22) - Wl8-26) = ¥

—_________-—-'

-2, ~2
gz + W& = F
. 2,

l”\'g%;‘ - a2t

a2+t
.__,5._.-- = €&
B-2%

ze g

~2&
24 &(1-e )
Z B 4(‘“5’-—2{7) :
-2t, 5 Q - l-e—ZtH—i =) 46—‘:—‘&) o4
e - X2 J{-
SIORET s “The n O<=z <k.

o Packde is aI#'GU.S less than L}'m
.5.\(” its vihal P'DS!.‘{)'GY._

1

M) Ag 1T E

Scanned with CamScanner



P

and t \ ;
is xr:]aVcls along a straight path. At time ts,after starting,
» and the acceleration of the cyclist is ams™2, where

() Find an expression for the velgci ol
‘ ; clocity vins™' of (he cyclist in terms of x. [4]

(i) Show thatz=2.5 ,;0.4_
| [3]

(if) Find the distance travelled by the cyclist in the first 105 of the journey, - [2]

) a=0€x®2

|
v .a__"."- = 0-610'2

dz
-
(SJ vdv = ﬂo'éx_o'l da Since w~hen zzQ?"'-‘O
2 Uo ond when z=zx,v=V
-[\J"]J - 0.611-2]7—
Q_ . L I'Q—- )
v _o* = 06x* _060)”
— - 12 -2
g2 = 2"
2. 2
vt = z"*
g = zo-e
-l-l—) d’L — 10‘6
dax
x 6 4 -kcﬂ: Swmce ~hen +=0,x=0
~0- 1 =
jz JO edven =t ,2=%"
o
lo.q]z _ —l:]-t
et | ~]
o4 Jo
o-Y4 e = "b -0
- x —
’-"4
O'L‘ 5 o.q _ ‘b
= —
o
o-
2 4+ = 2:5%
— \O = 2'5 z'o-lf
Il\) Whea £ =10, n __zn‘r
7
k=%
5 z = L‘- > = 32 m
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;A parucle of mass 0.4 Kg is released from rest and fa

0.08v N acts upwards on the partigle during its descen

t, w
(ime ¢ s after its release. here vims™

(i) Show that the acceleration of the particle is (10 - 0.2v) ms™2

(ii) Find the velocity of the particle when ¢ = 15.

i) Foet = ma
0-Y o
4 -008BvY = o
.
ok
\0 - 0-2v

o-qa—o-osu =

n
P

Tl-] O\—-d" = |0 -0-2vy

v
la»jdk

ol0- 0.2V

s

[_L.lllo’o-:u\ [‘_t]o
-0 2 [

In \\‘D—O.Qu\ ..Il_n \\U"_ﬂ(")ﬂ‘ =15 -0

-0-2. -0

= 5

ln \\0"0'2\!\ -+ ln 10 =

-0 02

sl =
uEl

0
b 10~ ==
jo-0-2AV
y -
——C:-l'oi-—_' . e
10 ~0-2V
e = 10702
o.2v = lo-10e
-2
v= lo-10e _
02

g709/05/0/MN/O7 -

o e ¢y

lIs vertically. A resisting force of magmtude
!'is the velocity of the particle at

[2]
[5]

0-08\'

o-lfa

MD‘ wl—.En +=‘5 )s.l =

Since when +=0,v=0

?
-
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— e
L —— ————— e

A particle P of mass 0.5k mo
of P from the origin O is f m n:’: sv:llz;gt “:;_Jl‘f’(is . flhorimnlal T A i
forces act on P; one force has magniludz (1+ I il s e A e

other force has magnitude 8¢™* N h 0.3x") N and ucts in the positive x-direction, and the
and acts in the negative x-direction

dv
Sh that v— = =
(i) Show tha e 2+0.6x% - 1607,

(2]
(ii) The velocity of P as it passes through O is 6 ms™!, Find the velocity of P when x = 3. (5]
l) Fh&{- Smal
140-32*-8e* = 0.5 vdw
t ge % 1+0- 322
6*0'312' ge_l)tff: v _dw Se_‘ o> 3z
, ——
] dt (@] M:O-Sba
-
2+063-le = v
dL
(Showm )
. v

' &
3
27+ 0.6;3 -6 8"1] = vZ :
3 5 o 2 G
3 VD_

Ezz+o-2z3+lée'z_]o = - 18

N
(—2(3\ +0-2£33+168-3)-(2x0+0--'2x03+ |&e ) = \_’fl ~\g
53286 =V

SV ~5-33wms™".

9709/05/0/N/08B .
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39 A particle P of mass 0.1 kg is ;)rojcclcd vertically upwards from a point O with speed 20ms™. Air |

resistance of magnitude 0.1v N opposes the motion, where vms™' is the speed of P at time s after =
projection.

(@ Show that, while P is moving upwards, LA [2]

v+ 10 dt

(i) Hence find an expression for v in terms of f, and expluln why it Is valid only for 0 € £< In3. [6]

(iii) Find the initial acceleration of P. ; i
]) E\H [ YOR
- (0-\ +0.lv)= O\ I ;
3 ) dk -L 10"3
-0'\q -0:\v = Jdw, | o
o-\ dt 4 =08
J— J 2 _é_{J__ J =9.Dm5'l
dk
—(v+ 0) - dw
dx
—| = ____L-—- ‘é-,"'
v+ \O dx
when =
— . J SMCCLt=O7 v= 20ms
n ~db|E= S do v
v4 10 t=to V=
o 20

(-2 = [ el

—-‘t"C—O) —  lnlutto]l - n 30

vy O

& = o |22
c—t = U—flo
30

vy (O = 30€

v = BOe_t—-lO q

b enprassien e <ol oy o spard ek Uhen parkile recches

S_I_ L\Cl. 'I, \J:"—D _
8.-@-'\‘ 6“ 5 20e~t-10 =0 e t=7%

+
\

5
w

. v=30e"-10 fr ost<ha.

9709/51/0/N/09
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V+ 10  dt
.‘._C_!:N_;:."" \l+lo)
dx
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with an initiai speed of

40 A Iiarticle.P ofm 55'C "roi i ds from the ground
ass 0.3 kg is'projected vertically upwar 1. It Is given that

-1 e 2 5 ; -
20ms™. When P is at height x m above the grouad, its upward speed is vms

3V =90In(v+30) +x =4,

' where A is a constant. .
cle

(i) Differentiate this equation with respect to x and hence show that the acceleration of thc parn[g]

is =3(v+30) ms™%,

[2]
(51

(i) Find, in terms of v, the resisting force acting on the particle.

(iii) Find the time taken for P to reach its maximum height.

|) Sv —-quﬂ(vff»O)-t‘l:A
'(_,\_' [3\,— ‘iolx16+30)+rc_] -——A_[AJ
Ax dx.

3;&;:__‘10[_._1_.101__5 +~1 =0

AL V+30 Jdx 5
By (3 —,39_> =~
dz v+30

o-90| = -l
ae, [ 2yso-t0]

d v+ 30
N = _Z yae
2 E.;: 3v
Voo E vdw — VX (—(u+30!! = —-!v—+30) .
dx 3v 3

e a= ':‘TB_L 6"1' 30)'

ma, ' | e $¢L
| R‘J‘Io-ad

0‘3":-5!-6’* 30)

!

T\) | Fne-i—
,(R40-33

Rifo-aa = 0.l v+30)

il

4

R+ 3 = o0:lu+3

R=0-]lvu.
m) =g = 3G
- :
[ dw=\"-L dt whes +=0,v=20
v+430 °~3 wvhen +=THu=0

inedl 3BT =gt e it
elocivy = Qmg™.

9709/52/0/N/0g .
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ln 30 —ln 50

)
|-
—
ut

3
ba (_.5_9- = "1
30 Ta

3
ST = 31,,(__‘5_’_ =534 = 1'63s-

i-e - Time taken 4o reach mazimum Haij\n‘\- =(53s-
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41 A c‘yclist- and his bicycle haye a total mass of 81 kg. The cyclist starts from rest and rides in a
. Straight line. The cyclist exerts a constant force of 135 N and the motion is opposed by a resistance
of magnitude 9v N, where vm s™! is the cyclist’s speed at time £8 after starting. -

~

@ Show that —>— ¥ _ " [2]
1S=v dr i
(ii) Solve this differential equation to show that v = 15(1 - c'&'). [4]
(iii) Find the distance travelled by the cyclist in the first 9s of the motion. g (4]
i) They =M -0
a5 - qQu = 8| & =0 qy 135N
35-qy = oM mz 8lkg:
8\ dt
IS-v = o
q ax
4 o=_3 & (Shon)
15-v dt .
a W { w‘v\ + =0 2 V= O
T'_) 4 b= |t W =GR
— 15 -v OﬂOL Ie-l— when 'E="L') v=v.
o q 2]

v
—b]—b = X:b_‘_\,'ilﬂ—]
).
— Wls-vl - (’l" ‘5)

+ &
| 19 _
L - -uls)+s
3 _
] 15—V
e:kh - \S
4 |S.4-\.'
~t/
5 -V = 15e A
-t/
5 -5 = V

o= 150

CShown ) -

-

8708/51/0/N/M0 ,
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=0
Since when +=0, %

MO\ w"t@") +-‘2q7 ‘Z—‘:x
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-l

A parlic‘lc P of mass 0.2 kg is projected with velocity 2ms~! upwards along a line of greatest slope on
a pl."me inclined at 30° to the horizontal (see diagram). Air resistance of magnitude 0.5v N opposes the
motion of P, where vms™ is the velocity of P at time ¢s after projection. The coefficient of friction

1
between P and the plane is 373 The particle P reaches a position of instantaneous rest when ¢ =T.
(i) Show that, while P is moving up the plane, % ==25(3+v). (3]
(i) Calculate 7. [4]
(iii) Calculate the speed of P when ¢ = 27T. [5]

0'5"'/ [*X

J)R<4_4= F\me): R:o-nﬁwsao" =J3-
-\F = V'R =_1 w3 =_1.
2

@" 2
R(// ) falo-ne) -'"@'- -+o-:z(js.\n3o°4o—5v =ma.
= 0.2 dw
- (L |+ 05") at
____3; +05U)= o] ‘Q‘.i”—
e dt

,__.—;—- — —

0-2. 0-2_ dx

-15-25v = dw

dt

) ~25(3+v) = S
o

)

T D \J
J -2:5 dk :j L_ v S"E wher +20,v= 2
o 3tV g e +=T.)v= O-

[-z-s-t]:- = [ln |3+v []:
e = (.z.s(o)) - w3 -5
-25T = ln(—g"_‘-)

T= b ;3)

—_
9709/53/0/N/M0 . ~2. &
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TR BTVERCER DRSS

Tﬁ) R(_L‘\" Flme).' R=°-Qaa533°=4§--
5:: rR=_L x93 =L«
23

p

R(U -+ Plane_): £

. 0
0-23sin 30"~ -~ 05y _ 0.a

g
2

s‘fncawkﬁ'o —I-:O7 U:O
and when +=T=o0-204 ,v=V
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release, the down
with a force of m

05 kg is reledsed fro

> d
@ Show that 'a':‘ =10-0.2v, Hence find v in terms of ¢,

(ii) Given that the ball reaches the ground when ¢ = 2, calculate A.

—
‘) Fhey = mMma

o- DSJ—O-Olv = 0.05 du

dt
0-05g-0-0lv _ dw
0-05 dkt
0 —=0-2y = W thn).

dt

0-0-2v

JOU;:Q__‘.__O‘N

eyt = Wnjwo-o-2v]

———

0.2
ct+t = —-5ln\|o—°-2\'\
V\@?+=O—Z D\Jic—)slﬂ\w*o-l*o\
- o =-5klo
—Th —51n10+%-=—51"l‘°"0'2"\
" L = Slolo -5k li-0-2y]

= 5 Wnf_19
i (ID-—O-Q\JP)

+ =ln __'2_.)
5 10- 0-2v
x*

e = 10

P

10-0-2v

-t/5
lo-02v = j10e

-t/5 _ 2V
lo-loe t® =0.2

ﬂfiﬂ = Vv S = 50(‘..&"":/5)‘.

02

9709/51/0/N/M1 ,
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m rest at a height 4m above tha ground. At tin.-ne ts% ?l?:ij :131
ward velocity of the ball js vms™!, Air resistance apposes the motion o
agnitude 0.01v N, . :

[6]
[4]
‘o
, ‘0.0 v
‘ 10-05&




1

)

@+b ! 5) G)

50 o-35’lé] = |71-58 =

__D/
+5e

)

T6Ewm.
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44 A particle P of mags - .
horizontal surface> ’gl'jekg 'S projected horizontally with velocity 8ms~' from a point O on a smooth
vms™ s the veloci motu.m of P is opposed by a resisting force of magnitude 0.2v? N, where
ocity of P at time ¢ g after projection.

() Show thaty = _8 .
- 14+4¢ (4]

ii) Cal i
(ii) Calculate the distance OP when r = 1.5, a

+=0

‘) . F':—vna. ' v=8ms”!
—O._RV?‘ = 0.'.‘ . 4-éi 0'2\‘

ak =

)‘dx_____ jf’_-—"& SincewLeh"':O,'z:O
j oll‘t'fl ‘-‘\eh +=|.5’zcx

STOSSVOMNA1
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45 _A particle P of mass 0. 2kg is released from rest and falls vertically. At time rs aftcr release P has

——— -......

sPeed vms™ A eslsting fored of magnilude 0.8vN nctson P. = " 77"

—y —— m— -

(i) Show lhat the acceleration of Pis (10-4v)ms2, : 2l
(ii) Find the value of v when t = 0.6, . =
i) Fier =me =
0.2\3_0.8\, = 0.2 a 0-2
O-:la -0:8v = o a
0- 2.
\O—Lt-\l = O (S‘\N‘ﬂ)'
—\_\-) ‘_é_”_ = ID-—‘-I\I
v ,d:t e shee when £=0,v=0
L dw = <k “
o 1oy o i s asge sl
06
Xln\lo #—V‘] [—t-]o
sl i
lnJo-%v| — lojio| = ©-€-0
mpAS=v 1} s |
-k -
o bo-vl + i = 0°¢
—_— b
-4
o] = 2
lo-4v
o _ ﬂa"l
_1e =
LR AV N
loe " = o =5
s "2“1
TRV lo-10e
F = lo ~l0e”™
L

NV =273 = 2.27wmg™",

9709/51/Q/N/12 |
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—— e —

- ]

o0

'lli::t ﬁ?::gﬁi.ﬁ: :::Q; Off)l‘lmsscs 0.4 kg and 0.2 kg respectively, are attached to opposite ends of a
pulley at the~ed *e\ );lt\l;,. 1S placed on a horizontal table and the string passes over a sma'll smo'o[h
(see diagram) %‘h‘ - }a!)le. T‘l“_"s“'i“g is taut and the part of the string attached to Q is ve.rtxcal
downwards Wilh e“foeﬂlclt‘;rl\t of [riction between P and the table is 0.5. Q is projected vemcl:ally
is vins™'. Th speed Sms™!, and at time 5 after the instant of projection the speed of the particles

ms . 1he motion of each particle is opposed by a resisting force of magnitude 0.9vN. The
particle P does not reach the pulley. ‘

dv I
(@ Show that = =3v. : [4]
(ii) Find the value of f when the particles have speed 2.5ms™! and the distance that each particle has
travelled in this time. (71
i) Fr P,
R@&): .R=0-4g- g
R C";) : Teey =M LIE Rt
._r._ oﬂo'l‘a)‘a‘q\’ (= 0"" ;d_ji. D'q\’g $Q
< 0-28

v Q¢
R (‘P] ' q’:e“\‘ =
0-29 T~ = @-19.;-*'—1_

2 ~-1T-04v_-02d — (:z.)
, dt
AAAIV\G G) N*Cl (A) Gkueg:
T-16-0-9v 4 2-T-04v = O}

du
dt:
-8 = 0.6 dw
dt

9709/53/0/N/12 .
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) _;_.\:_ W jau ;f-?:dﬂ:

llv] = -3t +c-

when +=0,v=5
ln|5]=-3@)+c
his) =

TThen balv] = =3¢ 41n |5]

= -3t

-V_ = 2
= +
v= 5e73°.

W v =25 g = -3t - .-L
‘\Cﬂ 257 -25.,,53 =)83"c:__\£_)+: -

v = é‘L = Se-st
at

When +=0-23) g,
-5 3(a3)
>

L=

i@ - Each rap-\;c\e hag deawelle d _65— =0:833m .
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47 A particle P of massg 8k
of P from the origip OI' 8 moves along tha Mgl -
forces act on P, Cg)ne fols xm the velocigy.-‘of P 15 On a horizontal surface. When the displacement

i =1 .1 ; . .
has magnitude 2,42 N :::ihas magnitude 4o~ I\llsn:?: in the positive x-direction. Two horizontal
' - : gative x-direction

| ‘dv
(i) Show that v— ='§a=
1 Se™ .3

cts in the positive x-direction. The other force . .

2 .
b
[2]
(ii) The velocit :
1ty of P as it passes through O is 6 m s~!, Find the velcity of P when x=2. (5]
\
) F;,e.{. = ma
-
he™*-24x*= 0.8 vdu . gt
Az ® Yz
-2 2 — =4
Ve -24x* = dw, 0
0-8 dx
Se %3¢ = v o Cshowm)
d=
2 v e when x=Q, V=6
_li_) 56—1’._311 d'i. = v Gl/d sSince _ | 2 Fal
£ cnd when 2=2 av=\+ "
o - _

[58"1"‘1'3J2 = u?—JV

o :2_7 &

. 2)- "°..3): v7 -6

(Coe-2) (5e=0) = =75
2

5 ,84-5) 5 -18
Gi >

2
69—

!

o8¢t = N”
’ ' . \J = 535 ms-l'

y-€- \,e‘ﬁcf/‘('j 05 PW\"EJ') z=R" 5-35ms—|-

9709/51/0/N/13 -
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A small ball of m
i vms™ upwards w‘;\Sjn'?tl:sg 1S projecteq Verticayy
- acts on the ball during j its u Xm aboy lhc pol Y Upwards wih speed 14ms™', The ball has velocity
Upward m o projection, A resisting force of mngnitudb 0. OZMVN

i h i
(l) S ow Lhat. Whl‘c thc bﬂ“ lS muvlng l.lpW l'd
a S,

(-ﬂ’_-])i‘ﬁﬂ)oz (3]
(ii) Find the greatest height of b v+ 500 dx
¢ bal
) all aboye its point of projection, (3]
\
F;.ﬂ = mo.
== (D‘DQYQ\J-}W\G) = wm vdw
-0.02 . 00w/
TV T v "0 ’
=V 10 = Vv dw A
50 d e
-V 500 = v
50 dx
4 = 50V dw
) ———
-v-500 dx
-50
g, Sefl 20 vaso [ 50V
v+500 d= _50 v — 25000
4 = (-50x25°%° M sl S
vt 500 | di Q5000
| = 8ot 5ee. |l
v+ 500 A‘X.
550 —\| M
’5'%;' ’[ v+ 500 J dx
. a4 (Shwm
oo =[ 5%, - ﬂ * )
V,{SDD

. <S\no~
\"he-".! =0, v =1
u) jo .02 dz <5+°5‘; —\)0\” === 4

when 'Z-'—'H ;"'=0 swe ot ;
o greadest heigld . velocily = by
i ] C‘JU =Qms.
-\
fooze]) = [swln\v+5°°| v, 2y
9709/53/0/N/14 .
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0.-02 H —o-oz(o) = [509 ln (o+so€>)—°J = [500 bn 6‘{+5°°)"lﬂ
0-02H = Sool, Boo — 500 bn@allf)-rl'-f
H = 9420m = 9.62m
t Greokst height ceached = 9-£2m.
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ms™!. A force of magnitude 2x N acts on P in the directiox_l
rom Q. ' :

(i) Show that v&¥ -
e -kx and state the value of the constant k.

(2]
(ii) Find the value of :
) X at the instant when p comes to instantaneous rest. [3]
\
Fo=ma _ m= 8-3ka
-2 = 03 v dw v=8ms’!
;” 22
va e
,_
=" | 0
03 dx
—-20 o — v dl\-’
= ax
v b=-20 = "6%"
S
— o
) X
—20 . A< =J v dw
o = g
-20 H_Z.-_l.]x = [,"’_’J.-:Io since when 2 =0,v=38
> L 2 Jo 2 Jg and when P s M$10-1'loﬂc="‘$'ﬂ e} ""—'5"7
o~ — g ? .
20 x“_o]: o* _ g% v=0 4 2=
— e —8
& L& L2 2.
=10 xz = -64
3 2.
2
X = 64x 3
2 x10
: X =J a6

9709/51/OMN/15 .
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50 A particle P of mass 0.
resisting force of magn:t:iigc lo&gmjemed vertically upwards from a point on a horizontal surface. A
a height of x m ab 2v! N acts on P, where vms~' is the upward velocity of P when it o
bove the surface, _The initial speed of P is 8Tns~". .

[2]

o

(i) Show that, whlle P is mo dv
ving upwards, y=~ = —
v P 10 = 0.0442,

ii) Find th 8 i
(i) C greatest height of p above the surface., .

(4]

(i) Find the speed of P immediately before it strikes the surface after descending.
i) o F_ne + = ma |
—05q -0:02v® = wm vl 1
ar 0_02‘,2-‘}’ °-59

-—0-53—0-02\11 = 0-5 v
dx

_._(')-5::\-—0-02":- = v dw
0-5 dx

- g—004v* = v d
dz
\,_é_,,_s,_m._o-oqq’-. (-Sl)aul"'l)

d=

) v =j°"‘
~-\0- 0-04v”>

\ -O o8V Ob-’ J clﬁ'.
g
~-0.08 (j‘,\o 0- o™

\ ID o Oq" l

My TIEe
-0 oB

0.04yv?) = z+ <

—_—
=

~25 ln|-l0-
a
’ when =0 2 v = 8 .
, —25 W \—-\0—-0-0’1‘&8 | = 0+ ¢
) 2
f_%.E-h|-l2'56l <
2
25 |10 0.oyv*) = = —a?hl—la-ssl
= o 8

+ He.a ™=
Tor %rea-l‘e-‘: ngﬂlm oouxO] -z_._.qslnl—ll'SG\
p— 1 o
8709/53/0N/15. = '
= X =2.849m =~ 2.8,
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- ™=
) Fry » mar 2

0-5Sx10- 0.027= 0.5 v dw
dr
(0 -0.0Y v} = vadv
dx

da

\o- ()-()'{\v"l

J‘d,_: -0:08V v
-0-0% lo- 00‘{\:

x+c = W |'°’°'°‘f“’"\
-0-08

0-08 -0-08

-85 -ln\o _ ln|lo-0.04y? )

~0-08
201‘1’ = b’l‘lO-—O-O'{u:‘\

= a.
_)IO”O'DL’V:‘-: e O’“{

lo-o-04y> = 'lqel"‘
2:.03% = 0.0yy>
50.95 = y*
_—_) J = 7.]58 m5_|
~ Tl wmg™
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51 A small block'_B of m

ass 0.25kg is rel
After its Lelease the ve 2 e

locity of B is v ms~

sed from rest at a point O on a smooth horizontal sulrface.
when its displacement is x m from O. The force acting on

-8 has magnitude (2 + 0_‘3x2) N and is directed horizontally away from O.
. dv |
(i) Show that Vi = 122 48, [2]
(ii) Find the velocity of B when x = 1.5. (31
An extra force acts on B after x = 1.5. It is given that, when x > 1.5,
dv 2 '
— = 1.2x*+ 6 - 3x.
v o 1.2x X |
(iii) Find the magnitude of this extra force and state the direction in which it acts. : [2]
| F=wma
] a,
24032 = 0.25 v dw x . F= 2403
, d - > -
0 =0. :
R+0-3x" = = i =0 25}‘8
Sl
0-25 dx |
S+ 225 = Vg\_-"_,
drt

'n—) JSHQZ—; dx ';j\“’l'u

2 2
gl,‘. l‘21 + C =N

3 —
O-Yz"+c =¥
Lz +0-Y
when z=0,v=0

- c =0

]

when == 159

i

2
= 267

v = 5-167 = S-17wme .

9709/51/0/N/16 .

]
2 »O-Yx = -
» = =8

2 = B(s)r ol xls?
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M) For z =205, v _ (2,>4+6-32

dz
—mv = s L 9x* -3
Then Feap =™ dw 025(12«1 + 6 1)
dx
£, = 03z + ((5-015 =
né+
Led , o ddifeonal j-'a-v-ce_ be 5, .
“Then 2+0-3x> -~ f - 0.3,*+I'5 ~015x
¥ 2+0.3%°
2+ 0377 -0-22715+0 T = ) o —>
O 5+0759L:jc

/Jlereferr&; addiAiraal Frece has magnidude.  0-15% + 0-5
cad 4 acts AJowards ()
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52 A'particle P of A'mas :
5 §04kp it o ..
horizontal, 8 1s rele
Tifne éft; ,eﬁ:‘s’? of Magnityde gze‘?N di oSt at a point o on a smooth
s irected | >mooth plane inclined at 30° to the

Ipalj
P aline of greatest slope acts on P, where ¢ 5 i the

(i) Show that 5‘-‘: = i
ar = LSe~ s Where ym g=1 | the vel
" e ve |
(ii) Express v in tepmys of ¢ PRt s s ! 3
(iii) Find the dj
IStance of P fyop, O when v g its maxj 4
axXimum valye,
| [3]
,) Foet =ma )
3e

at
T) (J' dn = 7-56‘--{:"5 Ouf
gy = 15ef-5t+c

!
v =-7.5e"t-5ttc

p—

V"OCJ) +-’-'—O;‘J: O
20 =-156 "5C)te

O - -15 +~c
- o ="15"

Men v= -T:5€ 7SEATS

—m‘) For ma xim wm "a}“’c‘:-{‘[ _—o(_i:.




When, 4= 0 -l-roSL\-7

_o-YosY
x= 167 -5 (o-host) + WorosY) - T-5
)
2=0'1294 = 0130 wm
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© 53

oy~ A particle P of mass 0.2 kg 1s refezseq ;
horizontal force of magritude teVNd "
p at time £ s after release. Find the ve)

m . P S
irected ar:;St al a point O on a smooth horizontal surface. A
ay from O acts on P, where vrirs! is the velocity of

ocity Of P when ¢ =2, [4]
- F=ma
-V
te " = 02 du Fzte™”
dt 1 =
J-‘\:d}t =JO'26UOLU _ 0 -L;i%

t+Cc = 0.2&Y
wWhen +-‘—_O7\,=o

% O~ c =0-2e°

| cC = 0-2.

“Tthen + +0-2

t+0-2 =eV

(
N
?J
(®

0-2
s5t+]| =€
s(2)+ | -e’

Vv

I =
- J = In (il) ms-l'

el

9709/52/0/NMT -
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54 A particle P of mass 0.4 kg jctye o s g
. - g 15 re]e - . R e v ———— — il & s B § Spws peem® TOYOre
hf)nzontal. P moves down tye lin:S :;l Tom rest ata point O on a smooth plane inclined at 30° to the
displacement from O is x m. A retardlgreateSt slope through O. The velocity of P is vms~! when its

i :

) & force of magnitude 0.2v2 N acts on P in the direction PO.
v

('i) Show that v— —.5 _ 0.512.

[2] 0-av*
2
F:n(’.-i' =mao
0"“'65-'?)300—0.241= O-4 v du
dx
ro'lia'snnBo —0-2v* = udy
-y 4=

E-05¢2 = uvdu

—

dr

(ii) Express v in terms of x.

[4]
5-05v?* = v du
da
sz. - hed M
5.—0.5-1:L

Jdlz - | =Y. dJdw

B | 5-0-54*
xtc= - ln|5-0572]
When % =07v=0
T or e - mls o5 <o
c = -ln 5
Then e ln & = —ln|5-05v7]

ee In5 —ln[s-0"57
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55

" A particle P of mass 0.2

SR | o
. -~ Kg is releaslcd fi s AR -
horizontal, and trave]s down a line of gzgt\;‘em at a point O on a rough plane inclined at 60° to the

gni st slope, The coefficient of friction between P and the

plane is 0.3. A force of ma
tude 0,
of P from O. 6xN acts on p in the direction PO, where x m is the displacement

(i) Show that v% .—:5./3
o

¥-= I‘R =0.3 0-2\3@560") =3,
o

- 15-3y = Ly
» Where ving™! g the velocity of P at a displacement xm from

F';e_'_ = Mmoo

0:23 SEd’= 0:6x ~0-3(0-agms&e”) = 0.2 v dy

J3 —-0€x - 3 Az
lo == Fc
S dx
S5J32 ~3z—1'5 = =
dz
Ve vdw =503 - 2= ~|'5,
dax

(i) Find the value of x for which P reaches its maximum velocity, and calculate this maximum

velocity.

’\'grmazimm VE.Lodh,Q::O —.-_‘)u_é_ﬂ_:o
dx

5J3 -3z - 115§ =0
x1 = IS"SE = 2-3863‘2'39;\-

2= 239 &1465 :

A e
2 =2

\J:"- = ‘q—:bg

V= L‘..|3m5-|'

Sub S'}’l"}&"k"’a

9709/53/0/N/1T -
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(iii) Calculate the magnitude of the ac

)\ c i : ‘
Y ——— eleration of p immediately after it has first come to

when at inslanesus &34, v=0

2D 593 y - 3x*~|52 =0

\ 2
.._?;_a~|-5) -
x (555 -2 =0
4 o &
c=0 e sGmEeT

s 2= 1713
w255 -3@.173)-15 = =1:158 = ~T-16ms™
Haahiqlua'e v} a.ccg'eraﬂw‘m‘

9709/53/0/N/1T .
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56

A particle P of mass 0.4 kg 18 projecy

After projection the velocity OF lofwm h?dmnm"y e e o O er o, forceof magniude

8x N directed away from 0 acts o . ;m $ " and I3 displacement from O is x m. A force of magnitude
N £ and a force of magnitude (2™ + 4) N opposes the motion of P.

One end of a light elastic
i attaclied BIE string of natura| length 0.5 m Is attached to O and the other end of the string

dv
(1) Show that py<* = 20y - -
dx ¥ =10~ 5¢™ before the elastic string becomes taut, (2]
Fewma
- 4k
—(Qct‘*lf): O-deu k-Q_C_-é'_ﬁJL
A 0 P
Ze-(26%h) = v
oy dx
2Oz — Se’.‘.‘,.lo) = vaw
(' dx
N} _g_\u__ - R0z —5e ‘w0
cx
CS\GWH\ :
(ii) Given that the initial velocity of P is 6ms™!, find v when the string first becomes taut. 3]

J JCZOar_ ~5e %o dxz

l0* + Se “T_10= +C

\J —
e

2
\‘J‘en x:: o.) J = 6
£ = 100)"+5e”-10(e)+c
5.

2
13 = C+5
g .-,—)c,:-LB

’ﬂ. o = o>+ 5e - 10z + 13-
en Y- =

When s‘kﬂ(j Yecome.s damts 2 = o5

5 - 10(o5)+5e”°° - NEONE!
2

- 5.20 ms"

9709/52/0/N/18
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: o SO
When the string is taut, the acceleration of p i proportional t
altoe

(iii) Find the modulus of clasticity of he string
Ee{ = 8x - T—(Qeq‘ + ‘f)
ma T & -T-Qe Y4

\ze ); (b'x_ T—lf) e
Tw-.‘na wf&‘ccen‘\:: gwves:

gt—T—Ll- =i
v -4 =T

’TLQ—“) T = Aé-O'S)

05 (8<-4) = Ax-O0SA
bz — 2. = Ax-05SA

Cmfwﬂaa coEfOEaen"s 05 x a:ues:

A=k

et

9709/52/0/N/18

(2]
ae™
G-—
l T -.B"
|- —o—
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‘x {
1.6 m — A

A particle P of mass 0.5 kg i
o s ) S pro
Initially P is at a point O op thepsu‘r,?: ted along o Smooth horizontal surface towards a fixed point A.
velocity vins™!, The particle P jg c;:ie. and after projection, P has a displacement from O of x m and
fiected to A by q light elastic string of natural length 0.8 m and

modulus of elasticity 16 N, The g
. ed
force of magnimde 203N, Istance OA is 1.6 m (see diagram). The motion of P is resisted bya

. dv
2 Show{ tha Vax =32 40x-48x? while p is in motion and the string is stretched. (3]
Ld".e:ezk"sm J Shing - Then e = 1-6-08-2 (ﬁ"_;i_f'ﬁ: =
| e =08-x === ]
S T=xe ~16(6-8-z) T e ’
L 0-8
F = ma

Tt = 05 v o 14(0R-%) 2y =o5v dy,

16(0-8-2) - 2uz* =~ dw
(0-8Xo-5) 05 dx

40 (o-%-z) 48« 78
The maximum value of v is 4.5. 32 — Yoz -k8* = vcgi (=heem)
(ii) Find the initial value of v. [5]
en @= O = Vv .d-*;.{ =0

Mazimwm velodx!a occurs wh
32-4ox-48x" =0

£ %452 -4 =0
6'124. 81_"31.—’{= O

Go-)(3x+4)=0

= - Tanoee
't:.-]i- oY l'g'{-(a )

u= 4'5'
Then when =47
g du = g2-hox— 82"

,_J’g;, oz -8z dx

(5 Y-
a 3
2 _ 227-%0C _UBX 4 o
— 2 3
9709/53/0/N/18

Scanne d with CamScanner



waS'k‘}era <= 0:5 anedl v= 'RIGY @wes

)+

G.s5™ _ 5;1(05) HO(O 5) ""8@

B
8 = c+19
o
S c= 4
&
’ﬂleﬂ V¥ = 324 — 207 —1623 ""_.j---
2 b
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58 A smooth horizontal sﬁrface'];é . ,
mass 0.25 kg is projected with veslc:g:) f;xed_goims O and A which are 0.8m apart. A particle P of
velocity of P is vims™! when the djg yl ms hofiZOmally from A in the direction a.way from O. The
oses the motion of Placement of p - 2,2
opp P from O is xm. A force of magnitude kv2x >N

(i) Show that VE\_: = —4ky2y-2.

‘ (11 o -08m :
F =~ ma . Yz 3ms’
.-kvii"‘: 0.25 x V.?‘.."_. . . Fs'hsz‘%,
b ol | e <>
ZRYZ =vde 0 A
. 0Bm
- \'9\-"‘—’- = = L"h\lz'z.pl . CS)\WH) '
dx :

(i) Express v in terms of k and x.

| (5]
S Vo dw :J-lnu'-‘ dz
Vﬂ-
J_.Lobf - —hhjw_’“clz_
v

bl = ke ac
-1

o )v = R4+ c

ré

\J‘\C,n 1:0'87“’:3

= h B =__l.."~_.:k..-'|'C
0-8

AR
x‘

b v __l.@_"‘sta
) "=

e -5k
MN.=e"

> R _5R
S u=3e”

9709/51/0/N/19
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59 Apa

of variable magnitude 0,09
: 09/xN d
magnitude 0.3 N directed to\\{vards :

rticle P of mass 0,
surface. When the disp]

€ment of p

) dv °
(i) Show that VT = 045yx- s,

rected awa
O acts on P

e e ®

2kg is roje;
o Projected horizontally from a fixed point O on a smooth horizontal

from O is xm the velocity of P is vms™'. A horizontal force

F = ma
c.09J7 -0.3 - 0.2 vdw
dx
0-09Jz ~0-3 = y dv
Y dx
vdv _ 0.45Jz - I'5
az

(ii) Find the value of x for which the acceleration of P is zero.

a = V_é'_" = o-Ys5 J:(_ -1’5 =0

dv

JZ = _____I'S :‘_1_9_
os 3
= 100 wm .
q

9709/52/0/N/19

F:D’BN P

0

Scanne d with CamScanner

Y from O acts on P. An additional force of constant

(2]

F=00

9k

m= 0-2%

(2]



i 4 . ) ‘ h - = e &b LB ST LR
(i) Given that the minimum value of y g

projcclion- Positive, find the set of possible values for the speed of
vdo = = 2
- ans N - 1.5 At
L
v = g 'i'
a2 -—-_l__oubi. ~1:5% + ¢
-
2.
N

=

——

a
030aT ~ (52 + <

W\\cu ’-'(‘-:___IED__’ v S mMinimuwn. ond, \,min>o

9
: 3
“hen i = 030 (‘.‘33.)’ -\-5(4_-12 rc
2 9 9
o'l
v\m;n = _50 -+
a2 9
“Then Simee \l...;,.,l-;-o
\J“.m?. 70
o
C‘
o D =22

N
2
v = ¢
et
, o B
2 |00
o 2 NvT 7~ ,
“hen ;:3_73’-”) q
= q
u?...!—q—'

9709/52/0/N/1 9
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60 A particle P of “méss mk ves'
m in |
mkv* N, where vmg™! isgthe(;,wES ¥
The initial speed of P i ums~

. _ 1'.
(a) Show that x = -Elqz when v = Lu.

F'='ﬂ'\¢\
—mRv* =wnx vde
dx.

"k\l" = Vdu

dx
j““‘*"'—‘. Yy
—kx+c = h\]vl.

\d\enz'_;-O,u:u. - —k(o)+c=ln'u.\

. c:l.nu..'-

& —kx+bhu =ln]v].

whes v=_.‘..@;
D —kxtlu = “‘I—,““—:]
—kt= lnl-:z—":‘ "b"’l“-‘
—ky = Lnl,; :—u(
s b

SR = ~bn 2 :_Ll"'z
-k K
(Shown)

9231/32/0/N/20-

e a horizontal straight line against a resistive force of magnitude
Pecd of  after it has moved a distance xm and k iz-a positive constant.

Fzmkv’"
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Beginning at the insta
nt when
magnitude == " N and acts ip ;3 - I Is iu, an nddmonal force acts on P. This force has
S in the dll’e&.um
' of increasing x
g X,

(b) Show that when the s

!,wen by an e\tprcssmpecd b

has in
n of the fo Creased again to umg

rm ~!, the total distance travelled by P is
1 =In (A ku
3k B—td)

stating the values of the constants 4

and B, ' (7]
 =ioa o
Sk e 5
. ax
__S_k—k\lnrz V-a
Vv dz—
E-Rv® _ v
v cle
5- ku Bb\ 5 ke®
X+e= -1 In|s- hu3l

When = =12 5 y=_A
ke 2
lh 2 4+ Cc = __-—__L M,S"k}— e
B, 3k (1

c = =\ lnl‘;T-kttz —lh2

R
: —~ 2 = =L |5k,
I l lnlS ~ku® T 3k | I

z =_L, I 5,5“_3 ‘S‘—kuz’l—f‘lh_:..
3R 8 | 3k R

"‘l'—*'&*f\—bls-huz'lzrslnzj |

"3 [ (e )
9231/32/0/N/20. 8
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61 A particle P moving in a strai

ghit line has g
The acceleration of P,in ms-2 givian d';g:)acﬂlncgtxm from a fixed point O on the line at time rs.
-1 4. ’ iven —_—
10ms™ directed toyargs o 5 82 3 forx>0.Whens=0, x = 1and P has velocity

(2) Show that the yve[qe; "
elocity vms™! of p is given by y = 10(1-2¢9)
—.

(5]
a= vﬂ p V= IOm/g
“ll 4=0sg
1.‘-'-‘.-’
20 _ 160 = v 4, 6—-—‘
X 3 —_— -
z AL q= 200 —|00
z* 23
200 10 Jg= |vdu
1* 23 ,
\
0L _ 1000 = 2
~200 150 4 = v2,
p z2 =2
a
2) =—200 4+ 50 +C= Bl
(. (* 2

-200 +50 + ¢ = 50O

c = 200
4 —20° 4 50 4 200 = ¥
z 2z 2
_.1001-!—501'2“)12'; Vi
- S -
oo z* —-YoD Y+ PO = v
12-
> = v?
g"_ﬁz;_“ii—‘l -
" z*
2 a
\oo (2 2= =9
zﬂ.
g =210 @x-1)
- &

Sime we 'Suiré ve—|O when = =] & V= ——K—-LIO el
£d
— W lbgl-.?z)_
£ 4

CShoum) .
9231733/ 0/N20
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(b) Show that x and ; z;re ated b
- relat o
x as ¢ becomes large, ated by the equation ¢~ = (2x—1)e*? and deduce what happens to
[57

—

dt

x d:’_ =j o0 Jdt
I-2%

V= d'l. - |°6_2l)
2®

A 1-2x
N W|i-22) | = ot+<
~ -
when +=0, =17
i amieaal ] - 0@
2 [ -2
:__L = (e
20
—~ nft-2z|| =10t =L«
\ -
- ’I[ 2 >
( [-—:r.-—lnll"-h’-\ = 2ot - |
= 2 2
—2z-In|F22] = 20t~
2.
,_2_,[_.-1.-,]1-21]: ot -2,
c-qo{;—hll—zz] = azz-.-?-
e 1ot _ pm -2
J — = &
| 1-22|

-2 ln,l—ﬂ’f-l
..qo-t-____ 821 e
-yot 2x-2 | |- (‘2'—7_[) '
= £ é

9231/33/0/N/20.
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