Past Paper Questions: Projectile Motion

| A ball is projected from a point O with speed ¥ms™", at an angle of 307 above the horizontal. Al
time 7's after projection, the ball passes through the pomt A, whosc horizontal and vertically upward
displacements from O are 10 m and 2 m respectively.

’ (i) By using the equation of the trajectory, or otherwise, find the valuc of V. (3]
- (ii) Find the value of 7., (2]
(iii) Find the angle that the direction of motion of the ball at 4 makes with the horizontal. [4]
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3 Aparticleis projected with speed 60 ms™" from a point on horizontal ground. The angle of projection
is a above the horizontal. The particle reaches the ground again after 10s.

() Find the value of a. (3]

(i) Find the greatest height reached by the particle. (2]
(iif) Attime T's after the instant of projection the direction of motion of the particle is at an angle
of 45° above the horizontal. Find the value of T. 4

.‘)

ms-l u5° H

Since parBcle reaches Gmmé leel at 10s, i+ reaches maximum )m‘ﬁ& at +=5-
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H = (goshd) (5)4-_,\1_60) (5)2': Gox_'z‘_ 5 -5x5 = 125 .

%) Whea += T,
-l
Hﬂ‘fzmhnd, Vg = COsa = 33.166 =s Ud
-1 °
ch‘ic:u\ld, \’d = Eosina ~ |0(T) =€osna -10T =50 - 10T ms ‘t’s
X

% Fron the ectr d“.“ﬂrm’

41;,\1}50: 3
Y
| =y
Vl
D Yy =Yz
50-10T = 33166
.833% = 10T

3 T = 683 = F68s.

$7080AMUTT

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

A paricle s projected from a point O on honizontal ground The velocity of projection |

)
Vins ' and diection upwards at 35° 10 the horizontal. The particle passes throug!
time I'seconds alter the instant of projection. The point M 15 2 m above the ground and 2t 2 bon
distance of 25m from O
(h) Iind the values of Vand 7 3
(i) Find the speed of the particle as it passes through M and determine whether il 15 mOVIng up s ards
or downwards 2
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A particle A is released from rest at time ¢ = 0, at a point P which is 7 m above horizontal ground. Al
the same instant as A is released, a particle B is projected from a point O on the ground. The horizontal
distance of O from P is 24 m, Particle B moves in the vertical plane containing O and P, with initial
speed v ms~' and initial direction making an angle of 6 above the horizontal (see diagram). Write
down

(i) an expression for the height of A above the ground at lime /s, (1]
(ii) an expression in terms of V, 6 and ¢ for
(a) the horizontal distance of B from O, (1

(b) the height of B above the ground. (1]

Attime 7 = T the particles A and B collide at a point above the ground.

(iii) Show that tan 8 = 5 and that VT = 25. (6]

(iv) Deduce that 7V2 > 3125. (3]
: . a 2 2
) For parkicle A, usng s=utriat’ =olt)rL(e)t7=5t"
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2
g = Vit snd _gt > Mg of B abeve gmwnd = VEsimB-5t" .
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5 Astone is projected from a point O on horizontal ground with speed V ms™! at an angle 8 above the
horizontal, where sin 6 = 5+ The stone is at its highest point when it has travelled a horizontal distance
of 19.2m.

(i) Find the value of V. | 13]
After passing through its highest point the stone strikes a vertical wall at a point 4 m above the ground.
(ii) Find the horizontal distance between O and the wall. (4]
At the instant when the stone hits the wall the horizontal component of the stone’s velocity is halved in

magnitude and reversed in direction. The vertical component of the stone’s velocity does not change
as a result of the stone hitting the wall.

(i) Find the distance from the wall of the point where the stone reaches the ground. (4]

|) Sn'ne =3

| 5 C cm2B= .2(5%)(%
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———— I

19: 2m
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Kms ' l

-8Ms-'
)
Y= 20sinB-10(2) = = B™S
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g A nparticleis l‘ml‘c‘“l with speed 65ms™" from a point on horizontal ground, in a direction making

an angle of @® above the horizontal. The particle reaches the ground again after 12s. Find
(i) the value of «, i
(ii) the greatest height reached by the particle, 2]
(iii) the length of time for which the direction of motion of the particle is between 207 above the
horizontal and 20° below the horizontal, (5]
(iv) the horizontal distance travelled by the particle in the time found in part (iii). [

i) Verhealli y When + I157d 0-
4= @Ssmoc)Jc LGt

0 =-<655u'nac) (\2) -5 (u)

€0 =65snet

= +=l25‘
sng. = 12 9 oL esin (_’.&):6'{-38°=61-4-° N
13 13
|l) Greatest L&S\\'; is veached when += 12 =€s-
2
\Jer'}fcnnsm “5"‘J s=ut +_ﬁ_:d.’ .
(655m ) () L (10)(E) = Om
. Geeatest L.ex‘s\v\"' = |80 m-
Y Hsduh v, = EScosat = -'-ZSms'|-
) el Vd
VEr'kcaJl:S) using V= wtat e
Y = €5sna —10F = 60-10t - v 7
tan 29 = ¥4 S 4an20 = go-Iot
Vi 25

254an 0 = 60-I0t
lot = 60—25+an30

£ = 5.090
20

05'“ §anme‘\ﬁ, ,\fec-l-nm 05 far-;\c ISALf)m“"
\'\rmzm\al when = 1R~ 5.090 =&- 9094

Len v§ —l—»me Which c;\;re:kaﬂ 051 m+on
is Q:%v'em 20° above herizontal and 20° bebw Wesizanttal 1=5.0900 +=6-9099

= £ .9014 - 5- 0900 = .99 =] 82s.
) Wovizonted distance =vVgxt =Bes@ x 1182 =45:49m = 5. 5m
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pardicles &4 and B are projected simultaneously from the top T of a vertical tower, and move in the same
sertical plane. T is 7.2 m above horizontal ground. A is projected horizontally with speed 8ms™" and
Bis projected at an angle of 60° above the horizontal with speed Sms™. A and B move away from
each other (see diagram).

(i) Find the time taken for A to reach the ground. 2]

At the instant when A hits the ground,

(ii) show that B is approximately 5.2 m above the ground,

(iif) find the distance AB. ;3]

;)r,« A,mmllj‘ asing  ssuk +,2L¢¢1
-1.2=0@)+L Cio)t?*
12=0( L Cio)t

13- 9 £=12s:

"l) Bor B/Ver}{cﬂ))ﬁl us'na S=ut +ElL-a.iz
2
when 42125 =) s = (5sm éo°)6-2)+._11—(—10) (+2) =-2.003m

. Heia\\‘\ aborc aomcl = 7-2+(—2-005) =5-196 = 5-0m (Sho-m)-

E)F" A \\m‘zar\-}and, 7L=\l-,ta({‘
Xy = & x):2=9-6m

P BI \Mzav\'\'aﬂﬁ, x =Vxxt
I NP

hovizenda)

:'lD‘S"Mte behveon A and B = q.6-(-3)=12-6m 5.20m

Verhal dislonce behween A and B = 5-20m:

9 Dishnce bopea A ond B= Jmers20t = 13:62m
= [3-6m

9709/05/M/J/08

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

g A smai[l Sllonc_ is prcleected from a point O on horizontal ground with speed Vms~' at an angle 6°
above the horizontal. Referred to horizontal and vertically upwards axes through O, the equation of

the stone’s trajectory is y = 0.75x — .022

(i) the values of 8 and V,

(if) the distance from O of the point where the stone hits the ground,

(iii) the greatest height reached by the stone.

i) 4= 0152 -0-02 %™
Bd mro_nsﬁn“‘a d: Z'hne —ase‘;_::fgxl

8= 015 9 § =t (015) = 36-86" = 369

—_—

» where x and y are in metres. Find

(4]
[2]
(2]

——

and gsecne = 002 2 vy :\J gsec? O :\’ 10 xsec? 36-86°
av?

2(02)

V 21876 me” 2 19-8ms™
ﬁ) When stone hits ground §=0
3 015+ -002:2=0
1 (075-0.02%) = 0
x=0 o 0715-0.022=0

x =015 - 315m
0-02

e - d:s%ance :Fm-m O u\-\en s-hme Li'ls ﬂnswnc\ = 31-5-171.

'\T\) Fov 8@'\68‘}‘ \w&‘a\w'}, L= 3;'5 =18 15m

Vhen z =1 &5 ) d: 0.15 (}8-15) - 0-02X|8-15’2 =703 m= 703m

G,.gr).es-}' L)e;ah-} reacj\&c\ = 7-083m.
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9

A paniclc is projected from a point @ on horizontal ground. The velocity of projection has magnitude
20m < ! and direction upwards at an angle 0 1o the horizontal, The particle passes through the poing

which is 7m above the ground and 16 m horizontally from €, and hits the ground at the point A

(i) Using the equation of the particle’s trajectory and the identity sec® 0 = 1 + tan® 0, show that the

possible values of tan 6 are § and 4.

(i) Find the distance OA for cach of the two possible values of tan 0.

(iii) Sketch in the same diagram the two possible trajectories.
2
. - 2
l} d—xhne- 9=’ sec 9
bl

When 2= |6m-,d=7m with W =20

3 7= 164a0 - 10 (i) sec’B
x 20*

7 = lé-}ane - |6 QE’CZG
Y

35 = 804 - 16sec’0

35 = 8ot - 16(|++an29>

35 = 804an@ -16 - 161?06
o3an*0 — 80tan + 61 =0
64an®© — 124an® ~ 684anD ¥ 5| =

(i#an ~1T) (4 4and ~3) = O
Either, 4 4an® -11=0 or
tan@ = L1 er

L «

3
0

ftanB -3 =

k s
i) Case 4 : 4anB=11 o sind=z 1T 58 T—
| n Gs S

= .
= S\'n-’?@-’-—'lGjl/.i_-) \G:g)___iﬁ.

136

O

It

3085

fand =3 (Shown)

(4]

(3]

Range = w2 5in20 - if_"__(_i%__i: 17.83 = I7-8m. = OR =17.8m

3
-

d 1o

-
=

py i
Case 2: %n@’é‘QSmer%;Cose c
24

4 .
2 sn20 = Q(—%‘)(’é’) 25

1}

2/&_;&%)_ - 3%-lrm.= OA = 38-Lm.
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0 A particle is projected horizontally with speed 12ms™ from the top of a high clifl. Find the direction

of motion of the particle after 2s.

|2n5-|

At 4= 2,
Hrm'zm—\aud, Vo = 12 ms” .

ch’“ﬁ‘—“u:ji \.ls:r\J veutal

Uy =0 (o)@) = 20ms ™"

-l*n«\ct=_\."é-: _i.o_

 ATY
oty _1.2) - §9.03"= 59.0
A

2) Dmc-\"-‘m ’5: maton 16 59

2™

oo
a

0 khkw herizamtal

(3]

S
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11 Two particles P and Q are projected simultaneously with speed 40 m s from a point O on a horizontal
planc. Both particles subsequently pass at different times through the point A which has horizontal
and vertically upward displacements from O of 40 m and 15 m respectively.

(i) By considering the equation of the trajectory of a projectile, show that cach angle of projection

salisfies the equation tan®6 - 8tan 8 + 4 = 0. [3]
(i) Calculate the distance between the-points at which P and Q strike the plane. (5]
i) Y= x 1anB - g1* sec* ©
2.2

when = k0994=15 with u= 40
2 2
3 15= 4040 - 10 (40) sec*B
2x 4o*
|5 = 40+4und — 5 sec* O
5 = 40+an0 - 5 (1+ar0) ) 5,
15 =40 +en@ ~ 5-5+a0* 0 S
g = —5+m‘9+40%an9- 20
O =z 3?0 - 84an O+ 4 (Shown)-

u) San© - Stang + 4 = O

—-——.——_——-_._-_ a—
tn @ = - C8)=JERH)E) = BB - kF2d3

201) =
Eder, +anB= kr2J3 o Hanf= 4-2\\93
g =8236 6 = 2818
B =8k g =282

For Py Resge = Wsin20 - M*L&‘*—l: 2115w
d

10
. pexein(2x28-2°) = 183.226 m
For @, Roage =\:___5_'_:\539._ ’M%——‘

Distance behoeen P axd Q when %ca 5’)51&8 'B‘e F)a.ne
- 133.226 - 425 = A =9 L.
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A particle is projectled with speed 15ms™" at an angle of 40° above Lhe horizontal from a point on
porizontal ground. Calculate the time taken for the particle to hit the ground. (2]

\RQ Total fime o}‘ :ﬂfdh-} = Rusin© = 2x)5xsin o
J 10
= 119285 = 1.93 s -
AHE"““‘)“@'J:"W’)*C&[IA, usinJ s =ut +_5[:Q;tl
0 :(ISSML{D.){' *1'— (o)t
O = (S Sin HDD-‘- 5'{7>+

5 4=0 o +=lsSsini0 - 1-93s:
5
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A particle P is projected from a point O on horizontal ground. 0.4 s after the instant of projection, /”
is S m above the ground and a horizontal distance of 12m from O.

(i) Calculate the initial speed and the angle of projection of . (6]
(i) Find the direction of motion of the particle 0.4 s after the instant of projection. (3]
) P
w
e
YA !
Y= xtan® - q sec 0z
Qu*
W hen x=|27d=5 ,
2 2 b ze ) () .
3 5= 124an@ - 105’ Hx12 3 5 = 1Han@ - 1R0sec™® = (!
—2 u.l 7 - w2z
/
Th hoizodtal dicechon, 2=v, xt P
14

when 4045, 2=12 3 I:{-:.u.aegexﬂ-‘-{-
80 zums§ —> ()

5@5‘\54&*"6 (2) in (4): 5= IQJro.nG-'_____.C”D):l
weosd
5 = 124an B - 120

30*
Sl 0 [s+z_2_a S+ = 29
(2 30* €0
5 0= 258 25.8"°
% 30 = u Cos(-ZS-’]‘IO) D w = 830  -33-32 wm¢' = 33.3m¢!
Cos 25.79°
* Jaidal speed = 33-3 ms'y Mnde of projechen = 25.8°
— >)

When +=0-ks,
an‘zcm-\o]‘dj ) ¥y z wesB = 33.3 m(25-8°)=30ms"~
VCP‘}’I‘CQ_\.B, us{ﬂa Vzutak
oy -(@sind) - gt = 23.35(25.8°) ~lox 0-
= 10-5ms " 10-5ms”
tonct vy = 105 o d:hn-'(.'_%';i) = 19.89° = 1937

v
1 a0 i s
9709/51/MI 1 Direction °5_ = 19-3 abeve haﬂzgn‘)-a_l_
mohon

Oms*
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14 A particle P is projected with speed 26 ms™" at an angle of 30° below the horizontal, from a point O
which is 80 m above horizontal ground.

(i) Calculate the distance from O of the particle 2.3 s after projection. (4]

(ii) Find the horizontal distance travelled by P before it reaches the ground. (3]

(iii) Calculate the speed and direction of motion of P immediately before it reaches the ground. [4]

‘.) wikan = B9y
_ i, > o2 _ElIR%8m.
Hm'z.m\‘a%] x=Vy Ak = Abces30x2:3 =518

Verhically, 4= @escn30°>@.3)+.:iz(lo) (2-:-3);: 56-35m-
Distance = Jar+ = =Joiigg™ 5635~ = 76:53m= T.5m:
T) Veckcaly using  s=wk v Loat”
20 = (26sin36)t+ L (i)™

12 £+ st

I

g0
O = 5t +13t 80

£--35 Tr(6) ()
2)

1O (]:e“m-e_)

When 4= 2:9s,
X=Vy xt = 26 0s30°x2:q| = 654 3m = &5-lpo |
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- Ty ‘
) Whew 4= 248ls |
P - 22:516™8 ° v Yy

\rl = 2bes3 ,
):l{Q'OSq'“‘g ‘

Yy = 26 s;n3o°+l°(2-‘\\
/n. -1 R
N SV11+ Udz - Jﬂlﬁ\él-l'll;{-OSC‘ = I-\—’LTOms --Lf:'.—-lms !

“+an d=,‘_"5_ 3 &= —}'o‘n—'(ﬂq——} = 6|83 =618
v 22516

S Sred 057 P = q’]_'zms"ll D,\»e?'kmn o:}" mopon = 6]8': ]ﬁe‘ﬁw hcy{z%.}d
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A stone is thrown with speed 15 ms™" horizontally from the top of a vertical cliff 20 m above the sea.

5
! Calculate
(i) the distance from the foot of the cliff to the point where the stone enters the sea. (3]
(i) the speed of the stone when it enters the sea. (3]
ISme!
— -

20m

i) VEr‘kCDn:j) dsing & =ut "'—_,Ll—“:tz
20 = 0(t) +:1\_(|o)%"

20= 5t*
7= b
=2 C’-"a"‘“f t”'z) '

peisontally, weing % =vext
L =15x2 =30m

7) When £=2, Bt

Verfvcally ) “5""8 v=utak Ny v
V= O+|0(Q\ = Qme -

— 7 a2 -1
V= Jvi’wal =] 15*+20" = Bns
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A small ball B is projected with speed 15ms™" at an angle of 41° above the horizontal from a point O
which is 1.6m above horizontal ground. At time #5 after projection the horizontal and vertically

upward displacements of B from O are x m and ym respectively.
() Express xand y in terms of f and hence show that the equation of the trajectory of B is

y = 0.869x - 0.0390x%,
where the coefficients are correct to 3 significant figures. [4)
A vertical fence is 1.5 m from O and perpendicular to the plane in which B moves. B just passes over
the fence and subsequently strikes the ground at the point A.
[3]

(ii) Calculate the height of the fence, and the distance from the fence to A.

Hoﬁmm]j y T =vext = Beaskl st =(15ws 417t — ()

verkm% ) usina s=ut 't'_iLq;tz
9= (Ssin bt +L Co)t? = (Ssibl It - 575 ()

Fom (\)] -t = s - (3)
5 cos 4

T e () (55

1Scs y|°

0.8£692 = - 0.-0390|z=~

d -
0-869= - 0-0390 =~ (35:}7)

(j =
T When z =15, = 0869 (15)-0-0390 (i:5) s
15m 7'/

= 1216 —T

*Heigd of fence = 1€ 7126 = 2816w = 2.82m.
A

2.82m

G
3

1

Vhen ball shhkes 8'““A7 d=-l'é
> 0.869x - 0.0390% =~ [-6

0_035‘012 —0.86"1'-(" l' é = O
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N

h /,;/,-‘-—"
” o - Cossi) Tosal-k(oodcre)

2(00390)
z= 2399 ,-1701 (Igme,)

Distasce of A ;“«m base of W = 23-99m

S Dl ? A —f.«rm —S‘gnce = :23.q<1—|-5 = 22.49m = 235,
— L cg ©O
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. o'y . . = % .
7 A ball is projected with velocity 25ms™" at an angle of 70° above the horizontal from a point O on

horizontal grounq. The .ball subsequently bounces once on the ground at a paint P before landing at
a point @ where it remains at rest. The distance PQ is 17.1 .

(i) Calculate the time taken by the ball to travel from O to P and the distance OP. [3]

(i) Given that the horizontal component of the velocity of the ball does not change at P, calculate
Yy &

the speed of the ball when it leaves P. (4] ,

'l] .
25ms 1

ms |

10 |

—- v

O P j

R‘mﬂe = op= ———-\Lz s 20 - '25: Sin (2"70.:)‘: ko- 174w = 40.2m .
(0

Haﬁzﬂr}ﬂnﬂ) X = Ve xt
401Nk =25 s 10 xt
+ = 4698 s = 410s.

Tl) BE’ED"Q im?ac‘l‘ at P Af“er ;mrqc} ot P

25 s 10 w T -'J:Tcos'loa

el T

2ws1 Tl 2

Br dislance PR,

= t
H'U‘Vi Uﬁ'\ x*= Ve X e
* ﬂn\“S) 7| = *5es 10 Xt

4 = \q299s = > s

“lime daken 4o reac

"

h maxmum \1@‘3\\‘}' = "2—-——-‘20 = [-00s- 1

Nerd ugin \‘:’“*a‘i-
erfically 5 using O;w»f(—uﬂ(l.)

-1
w = \0 mns
9709/52M//12
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V |

|0 vns

v @Sm‘ﬂo;) e

'nen a&-‘-&r imrac-\- at P] >
V= 1t @5@570)

-~
V= 13.57me =I32ms-
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L0
[4]

: ngle of 30 above the horizontal from a poin

A par[icle P is projected with speed 25ms™ atan a
projection.

on horizontal ground. Calculate the distance OF at the instant 2 s after

P

— -
25 ms \30"

Havszmhlg, L= Y xt = Bos 30" x2 = RS UZ m.
Veekically) using s=ut +Lat’® 1
3= Gssinat) ()11 () ()
J = 5
S op = f@@)ﬂ 52 = 4358 24.3.6m

9709/53/M/J12
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8 A particle P is projected with speed 25ms™' at an angle of 30° above the horizontal from a point O

on horizontal ground. Calculate the distance OP at the instant 2 s after projection. (4]
P
- -l
2 mg \300

Haﬁz:m“’alg\ 1=V xt = 256830 xQ = 2B U3 m.
Verhe in zut &
e a-ud) us 8 S-w —r—:[i_q;{-

3= @sinad) G)+L o) (2)
4= 5

3 o= J(5E)+ 5% = 4358 2£43.6m

9709/53M/ 112
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19 The equation of the lrnjcclmy of aprojectile is y = 0.6x = 0.01 7.2, referred to horizontal and vertically
upward axes through the point of projection.
(3]

(i) Find the angle of projection of the projectile, and show that the initial speed is 20m s
a height of 5.2 m above the

(ii) Find the speed and direction of motion of the projectile when s at
[7]

level of the point of projection for the second time.

4 —0-6zx-0-07=x"

.|)
By w?an‘sw r Y= x+an8- ﬁse;i@ 2 ;

10@= 06 2 O =tan (0-6)=30:96 =310°-

wd e’ 0011 9 10xee” 31.0° = 0-0l7
R 212

2
U= JTOT&;’—I;TOT = Vmg - (S)awn)
2x0-017

U, = Qcos 20:96° = 17115 ms”!

Horizomlally ,
e
D v= v 4 vy 2 = 171541363 =17-20 ms”™!

V=112 e

don = Yy o 1363 D a= +m"‘(__4—l-365)
Ve 1715 7. 15

= ~f.54y"

+ Direckon °51 mohon = Lfﬂsj‘l‘o kebw the howzsatal -

9709/53/M/JI12
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-0 A small ball is projected with speed 20ms™ at an angle of 457 above the horizontal from a point O on

horizontal ground. At time 15 after projection, the horizontal and vertically upwards displacements
of the ball from O are xm and ym respectively.

(i) Express xand y in terms of 1. (2]
(i) Show that the equation of the trajectory of the ball is y = .x - 3'.';12 (2]
(iii) State the distance from O of the point at which the ball first strikes the ground. (1]
.\)
20ms'
4s°
Q

dozantally, %= YrE = ests” k= 1083 Q)
Veekically » 9= QOSMQS‘D)-{;-P%_(’W){T; - loEL -5t 2R

T \ -l—_-: gd 3)
) Foen (), =

saebhie (@) m @A)

a
Y TRE ( z \_.5[(_*=
VALY lova

d = —_;:_%_ (Shoum) .

ﬁ\ When bal shkes amﬂc\) d’—'o

\\

'4_—-'2'.1 =0

Lo
= n»:_c.) e
(7o
- l— O =0
=0 or ""'H_O
x =40

wihes Mk wund = #0m .
» Distance °:F ball 5:'?"‘ 0 hen i shoes

9709/51/MI/13
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A pmuk P is projected with speed 50ms™ at an angle of 40° above the horizontal from a point O.

|

1 For the instant 2.5 s after projection, calculate
(i) the speed of P, [3]
(i) the angle between OP and the horizontal, [4]

Uhen +22°5%)
Hs«izmhﬂd) Vx_=50005‘f0 = 38-30m/s-

r::—_ J32.36%7129 = 38 96m/s =~ 39-0mg”

T‘) x = Vy xt =38 30X25 9575 m. P
d= (50 s&n‘lo“)(:z.:‘a)f—i—c-\o\(q.cj) = 44098 m. oo
dancc= UH0B =) a = 2104 =7
5 0
qbqg 45175m

¢ hegle befueen OP and hevzental = 01

9709/51/MI/M3
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-

3 pall B is projected from a point O on horizontal ground at an angle of 40° above the horizontal. 3
hits the ground 1.8 s after the instant of projection. Calculate

(i) the speed of projection of B,

(2]
(i) the greatest height of B, -
(iii) the distance from O of the point at which B hits the ground. (2]

)

o

40
Toxd) e OJ} .y\,-a\,.} = 2uand
N
' = xu xsinkd
(9]
W = 400 me™ = 4. Qms™.
verhcallf - v* = w4 2as
aﬂa 2 ; °2 - )h
0% - Gqsmqo)-PQ(‘o
h

L\-OL}CI = 4.0%5m.

Tn) H:s*n'un-\ta-ué) = vy xt

w = It cos 4O X 1.8

!

p &

1"\

14-30 =19:3m.

9709/52M/I/15
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3 A parlif:le Pis PI'OJCCl?d with speed 15 ms™ atan angle of 60° above the horizontal. Find the direction
of motion of P at the instant 0.9 s after prajection. [4]

%‘ZM% ) Vg = 15560 = 1'5 ms "
= 15simng0"+ ((18)(>-4) = 3-990 me™"

\Jerjn'ca-ll:& ) "d B

fon et = 3390 3 990",
15
« = 280" = 28-Q°

\

1-5mg”

9709/53/MIJ/13
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A ball is projected hOrizonm]ly with speed 5 m s~

# {ower stands on horizontal ground. from the top of a tower which is 30 m high. The

(i) Find the speed and direction of motion of the ball when it reaches the ground. (3]

(i) Calculate the distance from the foot of the tower to the point where the ball reaches the ground.

-1 [3]
‘l) Smg
30m
Vx
Wy
H“zmhﬂd’ Vo = Swms”
\Jef‘h‘co.'-lﬂ ) “S;“a \,1 = ‘-Lz-f-:zﬁ.s
v = 0%+ 2(10) (3,0)
a — Vg
\Id = €00 =)~IJ—_IOJS i _
V= \1 v’19+ \Jdl = ‘552+(‘°d€)1 — :25”‘5—1' u \Ia

dan = My ) fna= l0d6 a= 1846 =18.5°
vy 5

SFEGO\ a§' ball = QBMS-'; Dicechion cf mefion =257 bel:w Lm.lm_}nl‘

-“—3 \Jef‘\{caﬂj) us,'na J = LL"’QL{'
lodg = 0+ 10 ()
1 =J¢ =

Hmlzavr\aud) % = le-t-
L = 5x4% = 1% m =12:2m

e Dictance Jow oot of Hheher b ot It bl s good = [3:-2m.

9709/53/M//13
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article is projected with speed 12ms™' from a point on horizontal ground. The particle strikes the
15 Ar(l:und 1.6 s after the instant of projection. Calculate the angle of projection. [2]
g

-1
|2m5S

ol

.ﬂ*al e o§ ‘?\'\j\f} = Qusinb
J

2x12x smet |

[N

l- &

I

Smel = 1-6xI10
2% |

£1.81° = k-8

R
i

9709/51/M/J14
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article P is projected with speed 20ms~! gt an angle of 40° above the horizontal from g point O
16 nphorilonml ground.
0

) Find the height of P above the ground when p has speed 18 ms™!, 2
(i) Calculate the length of time for which the s
ii

peed of P is less than 18 ms™!
distance travelled by P during this time,

» and find the horizontal

(6]

U's{na con sexrvation O* Gne_rzaz

.:ZLxm x201+ mﬁ(o) = _D\:Xm X lgﬂ. mah

400 = 334 + 204
\'l. = 3'8m.
o 2 2 8"1-'
-ﬂ) At A) lgz = (20%5 L}-Q) + \6 18ms \!a
Yy = ALYR s -
WVesyd

-
At B, \’d = =944 B wms .

\Jerkc%) jc-rum A + B, us.'nd v= ut+at
S -9-448= 9.8+ (-0t

Bms .
+ = 1884s = 1.89. //\tams

e ‘Hme -}a_)?e.n 'I”D ‘lmud tgrmvv A 1o Bz\'S‘iS-
Moizonal  cichnce Jeavelled Jom A+ B
< V. xt = 0csho x 1889 = 28 -15m= 290w

\n

I

9709/51/M /14
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small ball is thrown horizontally with speed 5ms™" from a point O on the roof of a building. At
i1 . e rsalter projection, the horizontal and vertically downwards displacements of the ball from O
urr: ¢mand ym respectively.
a 7
(i) Express ¥ and y in terms of 7, and hence show that the equation of the trajectory of the ball is
vl
y = 0.21". [3]

The ball strikes the horizontal ground which surrounds the building at a point A.

(if) Given that OA = 18 m, calculate the value of x at A, and the speed of the ball immediately before
it strikes the ground at A.

(6]
) Bmg”!
| 0
d 18m
3 x A (,,&)
Hd’ﬁzp'fhﬂd) = \JL Xt
%= 515 -—9(\)
\Icr}w‘ca-ua ) 4= o(t) +_5L.. @o){"
Y =5t” -()

Fom (1)) £ =,§_—>C3)

let,
) OF =y md FAsZ:

5 oA - OF +FA
182 = g T .
Since A s a Polﬂ+ on Hhe e 3 Y7 0.2z
5 18% = @.212)24— "
0 = 0.0yx + %~ 32
o kGl = 183,033 (Igvme_)

:2(0-04—)
2*-18.36 9 = = 8852 = 8- B5m.

9709/53/M/J/14
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At A, k&izm\’aﬂﬂ) Vp = wms

verkeally)  g=z02x8 857 < 15. 6T m.

N 2
“9‘“8 v =u*+Aas

\fdl = 02+QGQ) 65-. 6'7>

Vd = l7'70ms"-

Y= d Vx_z-rxl P

d
=d 52 y11.70*

V= 83%ms™ = |8 -k mg"

1770 mg~

)
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5 stone is projected from a point O on horizontal ground. The equation of the trajectory of the stone

y=1.2x-0.15x2,

pere XM and y m are respectively the horizontal and vertically upwards displacements of the stone
W )
::rolﬂ 0. Find

(i) the greatest height of the stone, 2

(i the distance from O of the point where the stone strikes the ground. 2]
) Y= [ 2-0:15%> .
|
dx
ha - 0.3 =0

_'%.slf'
0-3

Z =

when 2=k, §= -2(k)-015(H) = 2l m.
ire- Greatest \,&BH c:F Shve = bm.
1) \When skme chikes the amuro\; d-‘-O
2 -2 -0:15¢°=0
015¢ (8-2)= O
E‘-‘-H-\er, O}SZ:O or LR-2=0Q
= O = 8 .
: Distorce from O 4o point where sfone chikes fhe gmund = 8.

q700/51MIING
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4 15ms™!

) _ . .
A small ball B is projected from a point O above horizontal ground, with initial speed 15ms — al an
angle of projection of 30° above the horizontal (see diagram). The ball strikes the ground 3 s after
projection.

(i) Calculate the speed and direction of motion of the ball immediately before it strikes the ground.

(5]
(i) Find the height of O above the ground. [2]
) vhen +=35, 2-990m¢"
\ll = ]5&05300 = 1'5(3_ ms-l = 12990 m_gd-
Vv -22:5ms”’

a
© -1
Vd = [5sin30 -0 x3 = ~22:Sms .

= ﬂll*"dz =d la-‘tqolr(—z:z-s)‘ = 25-98ms”
v = R26-0mg .
fan = ~R2S 5 a4 = -60°
12-990 ) . H
N sloeccl a} ball = 26'0""5—'7 direch'ea E§ mohon = €0 l;e'cw 'ﬁae_ on zon
T\) \Jev\\‘/;alh) “5;23 s:wﬁ—i’.h[?ai’l
2

J :655;n30°)(3)+i_(—|o)@)
d -~ —22-5m

=)Heja\\'\— 05- O above the jm“""ol = R2-5m-

9709/51/MIJI1S
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40

Ums™! 18 m s~
60°
: A"
0 6_. 30‘ B
60°
Fig. 1 Fig. 2

A Small ball B is prOj6Cted with speed U rns_1 at an ang]e of 6° above the horizontal from a point 0.
Attime 2 s after the instant of projection, B strikes a smooth wall which slopes at 60° to the horizontal.
The speed of B is 18 m s™! and its direction ‘of motion is perpendicular to the wall at the instant of
jmpact (se€ Fig. 1). B bounces off the wall with speed V m s~! in a direction perpendicular to the wall.
Attime 0.8 s after B bounces off the wall, B strikes the wall again ata lower point A (see Fig. 2).

(i) Find U and 6. "

(4]

(ii) By considering the motion of B after it bounces off the wall, calculate V.

20 - 18 sin BO‘>
aY -

‘ne =
Dividing (2) b veg: _Usin¥ ==
QG gress Asd= R
’I”ane = “\]3 ;_)6:35-20"—‘35-2

27

Sqparng (1) and (2) andh odding : , )
d TEREY: +Ulsin2de =<[8¢os30)+<10—185h730)

y* =36 U= 19.07ms ! ~ 191 me'

9709/52/MIN5
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Fo fest impact 4 secomd, impach with el
Hm'zm“m]h, X =V xt

X =\Veos 30 x0.8 = NENV
5

VE\"D'@“J ) using S =zut+_L at®
2
Y= Gvs:nao“)@-s)’rja’:ﬁo)fo' 8)

g = —O-H—\I+S(°'6"‘i’)
= 3.2-0-4V-

dan €07 = &

P&

q’g = 3-2-0-4V
23y

2.2-0-4V

<
n

6LV = 3.2
vV = 20‘\5-"
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4

arti
I porizontal

p rojgcliorl-

) Find V-

(i)

Hence calculate the horizontal and vertical displacements of P from O at the instant 1.5s achr)r
projcction.

when +=1-5s,

o ‘_‘!_
\I1_= VGOSGO = A

o & = Ngimde'— |5 = N2V -15.
Yy = Vsin 60 —jox1'5 = Vsingo'~ 15 —.53-
don U5~ =4
Vl_
B V-5
- ’—:—L_’———"""'
v

_15 — 40-98 ms' =4[ Oms™
L
a2

cle P is projected with speed Vms™" at an angle of 60° above the horizontal from a point 0
ground. P is moving at an angle of 45° above the horizontal at the instant 1.5s after

(31

(2]

T\) Hadzm}alld, x= v xt = 4]-0c0s 60 x5 = 30.783m =30"m-

VCVHca.ud ) d: (\}sin 60°>"C +:’)J: o.tz: 40-98 xSl'qGOO)( |'S +__D[: (—fo) X 152'

d= G4]-98m = 42:Om-

9709/53M/I/15
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| 4

1 1 H . [ O Ll
: A small ball g lSlEJFOJC?CLli from a point 1.5 m above horizontal ground with initial speed 29 ms— al
3 ale of 30° above the horizontal.
an ang
@ Show that B strikes the ground 3 s after projection. (2)
(i) Find the speed and direction of motion of B immediately before it strikes the ground. (4]
)
L
20°
['5m
2
\fer%'cb-%l usm& s=ut ’f‘—i—- at
2
—|5= @qs,-,,go"){; +i_ (-(o)t
—I5 =45t -5¢7

5t° -l4st - 15 =0

ot*-2a+ - 3 =0

ot -30t++t -3 =0

(1ot + )(x-2) =0

9 4=zl e A=
|0
(Iﬂmﬂ‘e)
3 secoads.
R sinkes 30“’“4 afder
11) Vhen 423, | 254lms"
5 _ -
. £ = 25| ms™-
Hmzo«r}a.ud) vy = R ees 30 -(5-5me”’
o -1
\lc\«-%‘ca-udv s It ac\sfnSO"'o(B): —15-5 ms b

v= v, ? *‘/dl = JQS-IIQf(-Is-s)J = 29-5| ms™
'l'cma(_ = - lb'b’ S &= _Bl__lo
25 1|
Sqeed of ball = 285 ms’y Drecton o ball =817 below bomizomkl

9709/53IMIJ/15
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A small ball is projected with speed 16 ms~" at an angle of 45° above the horizontal from a point on
porizontal ground._lCalcu]ate the period of time, before the ball lands, for which the speed of the ball
is less than 1Z2Zms™. (4]

pizomtally, V= 1€eests® = R me
\Jer}{cou&1 B

\
<
~
N
4
c&
N
\/__}_
-

12 = (8 E>2¢ "dl N
Wy = g

for dme o which sFezd is less than 12ms

Vertically ) v = wrat
~f =L+ (Ci0)t
+ = _:_&_ = 085
-10

PE"\'od of'kme \;« which s?e.‘;d 0} Ea.u s less ‘ﬂ;a_q 1Qms™ =0.8s

gTOY51/MIINE
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Jrticle is projected at an angle of §°

below the horizontal from a point at the top of a vertical clifl

# )6m high. The particle strikes horizontal ground at a distance 8 m from the foot of the cliff 25 after

(e instant of projection. Find

(i) the speed of projection of the particle and the value of 6,

(ii) the direction of motion of the particle immediately before it strikes the ground.

8

1‘ Hunzan')ﬂ-”j) = Vyxt

8= uweosf x 2
4 =uwcsB "36)

\Ier'kCa-Ud) usiﬂd s:u++1l.dl
26 = (1sn8) (a\t.l{(lo)(a)l

& = Qusing
5 wind=3 @)

[6]
(3]

: WG " SDtan b =3 6=36-8e°=36-‘7°-
Dividing (2) by (): wsufl = 37 2 3

el cos B L
So/ua'r‘m(j (1) and (2) mdmﬂivﬁ: .
Via sinaeﬂ—ulcosle =3+

2 =25 $>1L:5m5-(-

w

Ti) When +=3s2,
V, - uee = s 3686 = 4

1 %

Vy = usin@+§E = 5 36.84°+ 10(8) =23ms™

+an o = My =£§_ 3 d:m-li_—a;): 80-[50—':' 20.{"
vy K

:) Direc-l-;o'\n o r'\c"kdh = 80-]5 Lelc“f )')cn‘z,o'n’-a_l

9709/51/M/J/16
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small ball B is projected with speed 12ms™ a an angle of 30° above the horizontal from 2 point
0 on horizontal ground. At the instant 0.8 s after projection, B is 0.5 m vertically above the top of a
\,frliC'Ji post.

1

) Calculate the height of the top of the post abave the ground, (3]

(ii) Show that B is atits greatest height 0.2 s before passing over the post. [2)

)

0 ag°
When +=0-8%, * (0-8) 2
lecholliy  §=(@sin 30t (i) (0:8) = 1o

2 Meight of +p of post = 6w ~0-5m = 1-4m
1) When ball is of }181\85"' Fo-‘rr} s %nd‘ea}md,

—hme = ugin® ;lg_gi_n_ég_ = 06s-

3 1o
2) Bis af its greadest heiﬂ\n*r 0.2¢ bej;ve passing =ver the post-

9709/52/M/JI1E
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4

oint O is 8m above a horizontal plane. A particle P is projected from 0. After projection,

16 Tl;ehlcj)rizonlal and_venically Ul_JWEll‘dS displacements of P from O are xm and y m respectively. The
d;uq[ioﬂ of the trajectory of P is
c &l
y=2x -x%
) Find the value of x for the point where P strikes the plane. (21
(3]

(ii) Find the angle and speed of projection of P.

(i) Calculate the speed of P immediately before it strikes the plane.

) *

&m

When Far%'cle stkes F‘”e7 4= g

5 ox-2"="8
O = 2 -22— 8

O =2*-lxt22-8
O =(z—lb('(+.’2>
5 z=-2 e 2=k
CIanmrE)
~ 7 =lf-
-II) ds Ay - 7-2'
J= x +anf - ﬁsei‘.’;el A
L 8
6 anB =2 98- yan'(2)=63- 43"

Bdcav"u{sm
an 29 _{ o lose? &3 =
d a3 2.2

= W= ' 0sec® 63:43° = Brag”
po

y rachion = S ms -
f‘na\e O§: Fvo\!ﬂm =63k ;Sj’eggl ‘j[: Pm\lﬁc‘/'laﬂ =5

"i“) Using cange afion of ereqy)
Sa ) ——:'-l-mdn'*mﬁ(o)

__l_.mutn-f'“‘ah -
= (8) = Lmv?+0 = 25 +160 = v*
L mx5 +™3 2 Sv=3-60ms' = 3-Ems™".

+ 9709/52/M/J/16
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. small ball is projected with speed 16m g~

3/ . o )
honlomﬂl ground. !Calculate the period of {

s less than 12ms™,

1 :
_ Atanangle of 45° above (he horizontal from a point on
ime, before the ball lands, for which the speed of the ball

(4]

H‘zSﬂZDYT)'GJ.B) \é Cos "[5-0 = Vx_ =) Vl: 8;{5: .

Us-‘nj vectoe olio.ax—am y

lQms’l \’
,21 = VLH‘ + \ijl (j
IQ'LI' _— (8E>2+ \Jdl Vl
mS” = Vd

e dime when Speed GJC ball is less than |2ms,
Ver\-ical.‘d7 ushd vzu+t at
~Lko=lk + (-10)%
4+ = 08s-

9709/53/M/J/16
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at the top of a vertical clifl

icle is projected at ¢
arti proj at an angle of 6° below the horizontal from a point
s after

38 high. The particle strik i
26m hig ' strikes horizontal : i
he instant of projection. Find ground at a distance 8 m from the foot of the cliff 2
(i) the speed of projection of the particle and the value of 6 (6]
H A )
. the direction of i ER
(@i th motion of the particle immediately before it strikes the ground. (3]
) —

bm

£
n
£
1y
(2}
<D
o
~—

VerHie ? Jd= (“S:“ 6)'\:"' h:lf&%l
26 = (usn0)(?) +ﬂ_00)(4)1

6 = RQusinb
= 3 =using -’9(1\
Dwié:nd @) by (4) :
wein® -3 24mB=330-%8 369"
ueos O & t wge =3¢

S“r*ﬂﬁ“d (l) and (2) and acuua
26 = Bl'f'lf'i

2
w s‘u,’e-ru'lws
— -\
u* - 25 -_-:)q:bms .

-ﬂ) \*”\Cn -+ = 3, |
V, =uesO =5ews 36-9° = 4ws ttms
- . . o ‘_,
{g=usin@ =554 26:9%0 () = 23ms”- v 23ms™

+an o = My 5)_}”4.—.’:_\’_3_:;)42::'80-!:,

V1
« Divecham 0} mohon = 80'10 below Jhe howzental .

9709/53/M/1J/16
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icle is project ith s -1 .
arlxcl_c 1$ proj ed with speed 20 ms~! at an angle of 60° ab he horizontal. Calculate the time
¥ fer projection when the particle is desc G

ending at an angle of 40° below the horizontal. [4]

M-2m+“na) Vy = as &0’ = [Omg™"
\fev'}'fcﬂ-uts ) \’d = R08i€0 - 10+ =(l0d3 - IOJC> ms
4“'@#0") = l‘_"éj‘. 3 +en 40 =yl

Vy

“’xl

cs

Smce Y <0 I ly|=- <Vd) = ~Ood'§-|of) Zlot -1073 -

C+Fanko = [0t -10J3
|0
+ 8-2909 = 10+ - 173205
+ = 2.5 = 2.67s.

9709/51/MIT
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article is projected lfrom apoint O on horizontal ground. The initial components of the velocity of
¢ particle are 10ms hionzonta“y and 15ms~! vertically. At time rs after projection, the horizontal
and vertically upwards displacements of the particle from O are x m and y m respectively.

(i) Express X and y in terms of 7, and hence find the equation of the trajectory of the particle. (4]

|5mS’|

0 l;"IS-l
Hg\()‘Zon"ﬂlld) X:Vz)({' = lO'L' =) X_-‘-IO"t —;(l)
vhe =15t +_1 (- ~ =l5t’5tl'9C9~)'
Ve*hﬂ-u«‘d) J= 15 +2(|0)t S Y

fom (1), = % =)

|O

swshide (3) w (R): N
4= 15 (Txo—‘) - 5(—%—)

d = \‘5% — 0-0512

groe/sSININT
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The horizontal gro'und.is at ‘_he top of a vertical cliff. The point O is at a distance d m from the edge of
¢ cliff. The particle is projected towards the edge of the cliff and does not strike the ground before

ver the edge of the cliff.

(2]

Show that d is less than 30.

when  Y=0,
'S -0.05x% =Q

x(l-S»O-OSz) =0
|'5—0-057_=O
z= |5 =30

-

0-05

(i)

7-:O oY

“Tren Fou')h'c\e hils honzantal amma of 2=Q o % =30m,
1§ poricle clees nel shike Hhe gownd;, Hen o < 20m CShawn\)'

(iii) Find the value of x when the particle is 14 m below the level of O.

When d="”+
\':31--0-05511.:l = ~|4
0 0.05 %> -|'S% =4

Q= x*-30x-280

x= - (-20)t J() b()-280)
2()

20 * J2020

- -
it
5 8
+ = 3141 w—’].q’f(l-ﬁmve‘)
z = 3T-5m

9T09/51MINT
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article P is projected from a point O wiy,
4 and vertically upwards displacements of p from O
. D5

(rajccnory of Pisy=2x— 72—

(i) Write down the value of tan 6, where 6 is (he angle of projection of P

an cam?o-n'sd‘q “+o 9= A tan ® - 3secze %2
Jan @ = 2. e

)

Whent =4, P passes through the point A where x = y=a.

(if) Calculate V and a.
When % =a,4{=a

=) Y= Qx - 253

—

\/1
o= Qa — 25a*
VQ_
£ 5%
2

K

V2 = 254 —(0).

N

H'mz.aﬂ"ralln) 2 = Vxxhb
a = Vco,sexl-l— +me=1

|
a:VaLJ_-xLI— FS
J5

I\
L
&
ul
n
=
+
. |
N
3
ny

9700/52/MNAT

c -~ . . _ ot
speed Vims™. Attime ¢ after projection the horizontal
are xm and y m respectively. The equation of the

(1]

(3]
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i) Find the direction of mation of P when it passes through A. [3]

(i

Jhen += h’)
V, = Veos® = 2085 x L= W eme Y =20mS
Js5 —
Y 2 vsin® = 10 () = 2045 Z -4 0 = O ms'
J5
5 Aanal= - tanel =0 o «=0
Vg 0
ve - Dicechion % mefion af A3 O with hewzeatal
o 1 hov zemtal -
9709/52/?{1".]/ 17
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article is projected with speed 20 m ¢! atg - ‘
4 rojection when the particle is d anangle of 60° above the horizontal. Calculate the time
i § descending at an angle of 40° below the horizontal [4]

Hunzaml"l]j) Vi = R0 s 60° = (Omg™ V;

TnBe vectsr Oli‘*%}“"“) L
tan 40 =
ton 40" = W

(Ome!
R-3909wms" '

I

'y
\]E‘r"}fcc‘ﬂd : us(na V= LL‘I*Q_i—

Vy = 20sin &0°+ Clo) £
~-8-3909 = 1043 - 0ot

.t— = :251] 52'575-

q709/53MI1T
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i

43

article is projected from a point O on horizontal ground. The initial components of the velocity of
(he partic
and vert

leare 10m s~! horizontally and 15 ms™! vertically. At time fs after projection, the horizontal
cally upwards displacements of the particle from @ are xm and ym rcspcclively.

i Express X and y in terms of 7, and hence find the equation of the trajectory of the particle.

(4]

-1
15ms

)
7

leS-I

Hmlzaﬂ*a)-lj ) x

—

U:t_ x't

o+t — ()
Vevhically) us\‘na S=uJC+_:lL—aJcl

I

= 15t - '{:2—
J=15 +_..:|i_(lo)

=I5t -5t = @)
Rom C‘)) =t ’-'*I—’g—‘% CE’)

sasé;%aan(j (2) (=)

Y= 5 (12 )—S(ﬁ‘):—

g4 15 0:05C

709/53/MNINT
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The horizonml ground is at the top of a vertical cliff. The point O is at a distance d m from the edge of

e clifl The particle is projected towards the edge of the cliff and does not strike the ground before
r the edge of the clifl.

it passes OV
(i) Show that d is less than 30. o)
When parbde rehrns 4o hovzamtal level, 4 =0
0-051(50_1):0 -
:) 7.: O o X = 30 .
’n'\en qukcle. reduns o hovi zeatal level when 7= 20m .
ot ’r&}zaft d an}re # passes oves Hhe eclﬁe)
B amu.n

Swce ?“‘kclf dees ™
d. <30‘n‘\. CS\']Q\MH)-

(iii) Find the value of x when the particle is 14 m below the level of O. [2]
Br pachcle 4o ke [tm below level of O,
e 4
= 152 - 0-05z% =~ I

_o-05x>+I-5x+ =0

x%*—-30=% - 2g80=0

I

7_=—C—30)"—' (—30)1-4‘6 Z2g0) = 301 Jd 2020
200) )

i & Sk o 2 =757 (Tgere) -

= 375m-

gr0e/sIMLT
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gmall ball Bis projected from a point O on horizontal ground. The initial velocity of B has horizontal

# nd vertically UpwAn P A of 18ms™" and 25ms™! respectively. For the instant 4 s after
ﬂrojcc[ion. find the speed and direction of motion of 5. 4]
P
(B
gme
\When += Lf" D) |8
Ve = | Bme - Flsms_'

W = 25 +(10) (i) = -15ms’

___) NE= W: \]1821-(45)1: -?S-LLQ)ms_l

Ve 23-4ad’
o (,_‘ftS) . -39.80°% -39.8"
2}

i o = 39-8° below hevzorrlal .
.‘.Sreed D—} B = 23'4‘ ms‘-; Direc‘l'idwc}m;%m-3‘i8 kels ")dﬂaa-n-l

o709/ LM/VIS
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1 object is projected from a point @ with <ree ~1 . )
nall ob) ! Vith speed Vms™ g an angle of 45° above the horizontal,

N >r projection, the hori ¢ i
ne 1§ after pr ] 1zontal and vertically upwards displacements of the obicc
L nfepectiveiy, ¥y upwards displacements of the object from O

g AST
B\
ﬂrc.l'

’ SO ) il Y 2 N
(i) Express ¥ and y in terms of 1, and hence find (he equation of the path. (4]

Hﬁ'ﬂmhﬂd) X =V1_X't

X = Vaasl{5°xt=\]’5:v{_- . (\)
2

U -]
terbeal s 3= Qin 8 .1 Cit™ £
g =@Vt -st* 5 0)
=2
fen (0 £=_22 = 3z 5(3)
ANV v
2 Y, v
= z - 102"
d :

The object passes through the point with coordinates (24, 18).

(ii) Find V. 2
=) |18 2y - |0§2H

When =z = 247d=18 NE

]

-6 = -57£0
VJ.
\V* =960

\ = 3098 ws” = 31:Oms"

9709/51/M/J/ 18

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

" he object passes througl ;
@i T . ugh two points whj
| for these points. points which are 22.5 m above the level of 0. F
f evel of Q. Find the values of
(3]

Shstituding V= 30- :
3 30-98 i y==x-107" _ z- (o2

- PRS- 4

Via 60

Y= x-_2*

6

When d=22'5 = QG = x - z2
6

22
= -2+ 23-5 =
% 0

-9z +A60=0

2% -362-60x+21€0 =0
(x-36)(= -60)= 0

Edher, =z=36 or 2=80:

9709,’5 I 8
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46

20m
: st ball 5 is projected from a point O on horizontal ground towards a point A 12m above the
ground. 0.9 s after projection B has travelled a horizontal distance of 20 m and is vertically below A
Zscc diagram).
(i) Find the angle and the speed of projection of B. (4]
-\ . .
+0J16—’-£_ =) 6=+a_r1 '3 :Boqé e
20 5
Hm-zm-}aﬂd ! L= Vg xt
[
QO = s CbSCBO‘qé ) xO‘i
w =20 __ < 25.9]ms”!
0-9 X tes 30.96
W = 25-9ms -
o | | ) = -1
o - . - 5‘-0 S a} @ec%m_z‘s.qms .
Angle § pegecthion ) o
(ii) Calculate the distance AB when Bis vertically below A. [2]
2
VEY-“'\'C‘LLEX) U..Si'n‘j S’—'LLJC 4-‘_[‘_0“{,
N a
o i -
4= a5 20)20° £ C0)6)
g= 1-95m
- 12~ 745 = 4 05m.
:)Dis\-unc_g AR = (R '7q:) L,— .
9709/52/M/J/18
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. is projected from a point 5 I
paruclc P is proj a point O on horizontal ground with initial speed 20m s~ and angle of

: ° e insta fact] A
Iy rojection 30°. At theinstant rs aflc'r projection, the horizontal and vertically upwards displacements
¢ p from O are xm and y m respectively.
0

(i) Express ¥ and y in terms of f and hence find the equation of the trajectory of P. (4]

Huﬁz_m’rﬂ-‘-ld) = Ve At

20 cos 30 xt
o+ —0)

W

I

L
‘Jer’\icaud) u.s"nj s=ut *_p%oil
g = (20 sin 30°) £ +—:ll—(*10)'l:1
H= lot-5t7 = (2)

2 - (3)
lodz

sy G0 @

= A . -5 x

Y lo(lo%> o

K-m\(\);'{'-’-

"'_&_.

- X
J Jz &0

9709/52M/I/ 18
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- the same height above the ground at two points whi
at points which are a horizontal di
al distance apart of
ance apart of 15 m.

P

(i Calculate this height.
Lehy st pot e ()
second [b'n‘\' is (x+l5‘,:0
e g v ey et iz 9 )
hae The same L»q‘j\njr above He c‘]m“"‘l‘

0 9 = = —}_i*:‘C
M’(J) d J-a" &0 I)

M (ms,ﬂ, 4= _"%'_i "P(ﬁgf)—a -—>(a)
Substteing () m @):

a
2 ,12:__1;*;5"_(‘}:.@)—

—

(3]

3 €0 NE) €o
2
Gri5) - =" = awis o
éo '43_'
+225 = =2
é_@_&za——-— 1z
30z = 294.615
z = q8205

5 = _9.8205 - 1825 = 0635w
NE €o

9 Heignt of P = k-06m-

9709/52/M/J/18
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pall Bis pl-oicclcd from a point O on horizontal ground. The initinl velocity of 1 has horizontal
AN - S

AS ‘“”. 1y gpwards components of 18ms™" and 25ms™! respectively. For the instant 44 after
8 and “'_l“] {ind the speed and direction of motion ol I (4]
ecnon.
[\‘j‘L

|Bms'

9709/53/M/I/ 18
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1| object is projected from a point O with speed V'm s~' at an angle of 45° above the horizontal.
nall ©

g Asl frer projection, the horizontal and vertically upwards displacements of the object from O
im
A [y

gre xmane

elrsd .
{ym respectively.

Sress X and v in terms of £, and hence find the equation of the path. (4]
Ex[ SS. b

=V x‘t
Hm‘zM‘}“l)ﬂ’ ="
2 = Veos 15 x t =£2_t '">C‘)
g

. - N Y
Ver‘)ﬁ‘wﬂd ) tLS\nd s -\-L‘t"'—;ll—“t 45°
Y= (VS\‘n u5°) t ’*—i—(""){l

(i

4= @t ~5t° 2 6)
-

- 22 - 2z @)
Fen (1), + = N
Su.hs—H-dﬁnd @) CQ):

RS <@) = 5({2:_’_4)
\Y)

oY \
N B 2
d‘x',‘_[.)_i-—-'
\"

. . -dinates (24, 18).
The object passes through the point with coordinates (24, 18)

[2]
(il) Find V.

When z= R4 9 4= 8

A
5 18 =2k ",‘IE—G;L

V
—& :‘:é:}zég
vt = q€09
J - J5eo =308~

N = 3).0ms

970‘)/53/4\”1! 18

)
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(i)
X

Th

for these points.
= X - lox_z
4 O
gince V=310 2 Y= z"l_O_xi_
260

\,\”‘\Eﬂ o):\]‘EC‘}' 'S 2257\‘1 aloove IEJJE’,L D:JC 0)

22.5= = — 1027
960

2160 = A=~ 2~
S 2*-96zx+RI&0 = O
72 - 362-£&0 2 +21&0Q =0

(o3 60)=0

=) 7 =36 s 7z =&0.

9709/53/M/18

- object passes through two points which are 22.5 m above the level of 0. Find the values of

[3]
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is projected with speed v at an angle of 30° above the horizontal from a point O on a

. p
mruclcf withi | I . oo
and moves freely under gravity. The particle reaches its greatest height at time T after

i horiZO”“‘l plane
ijcction.

OO * 4 N 2. . I -

4, in terms of u, the speed of P at time 57 alter projection, -

Fin

w
a0’

w hen For‘}fcle i at s ar-eq-}eg{r— Leﬁh+7

""'l.\“'\e = usfnﬁ
= usi30 - _u4
[0 20

20T = (\)

0,
2
0

\:J\\en ’{:: __2-_’{“7
3

- = J3 = 2 .
v, = uaosso,u(__i_) =
1 - w_ ~20T
vy = wsin 30 -rCr[o) (_g_"r) = s
%sr},—]\c%na a= 20T gres:
u_ - y

v w M =

J° =273 6

roVaNGN

= |7 = J7 .
il 3

C:C.

A\

L

\

<
|

0231731120
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ticle P18 projected with speed i atan angle 6 above the horizontal from a point O on
\pol

ole o ¢ 0 . 4 ! a horizontal
moves {reely under gravity. The direction of motion of P makes an angle a above the
™ atal when P first reaches three-quarters of its greatest height.

( .
hor”

= Ln
(") ghow that tan& = san6.
n

[6]
begf@"fes'l' k&ah'} H') usind Y 2-.-_- \L1+Qq5
A% 0% = Gsfnﬁ) r 2(—3) H
H = !U-Sl'n@)l
xi
H"“‘Z"“*”l%j) Wcos § =Vcesal — (l)
2 _y?+ Rasg
Verte y Uam N v 1" .
k amﬁwwff—aa—t (vsina) = (asin6) +2(7) (zf‘ H)

\Jls{nzaﬁ = u*sin®0 - BQH
2
gﬂ))f‘:"“;‘ll‘kﬂa H :£Ll.5|'r; e)_ 8iu€5:
29
& _. 29
¢ cigtet = w2sin" Q) -3 <u “3" )
< J
= u*sin8 — 3u*sin" B
I
Uis{ﬂlod- st U.2 S'I'ﬂle
L}—
JShel = usin 8 (=)

=2
Didiog (2) by (1) 875" .. g

incl = 2
usine

.

veoscl UesB

danx = LAm0O: (shown).
2

9231 J33/N10720
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4 . ,
Given that tan6 = 3, find the horizontal distance travelled by Pw

hen it first reaches thr
o - —_ : : E hes three-quarters
ol of its orcatest height. Give your answer in terms of i and g. ‘ eI

4]
b Ddma=l i):i.
sak 'Lé_ T3 (3 3 5
When Y=2 H, 4
f 3
\rds\)s‘maL: ‘*2‘1\6 —%(2.) Jan® = 4
3
\fer‘}\'ca.ud) Vd = LLane -a—{:— Sin :%_
uz'je: 4sind —-@Jc s 9 :——53—
~Zusinl = -—a“lt
N
+

= asmd _ u(F) 2
Hovzormbel disence dewelled by P vhen it veaches £ of s greatest hesght

= Vet = ucf:s@x_;_-?._u_,: w(ﬁ’-))( 2w Eu™
S(j S{j -956

93231/33/M/720
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i ImrllC]C P 1s projected [rom a point O on a horizontal planc and moves frecly under gravity. The

{ gl sy 20 i
initial \Ll()Cll'_y of Pis 100ms™" at an angle 0 above {he horizontal. where tan9 = i:- The two times at
which P’s height above the plane is 77 m differ by 105, -

(a) Find the value of H.

(5]
o=k _
3 o 4
S\‘ :'.LP‘
n0 = A
s =3 - 3
5
::85'

10
ﬂen’Par-kde has he:ah-} Hm vhen —+= 8—5=35 o t=845 =135 -

Ver‘h‘mud, when +=2s,
J=(ic0si6) @) +-L C1e) (&)
H = BOO(_‘SL) —5%9 = |95 m.

-e. H =199 m.

9231/31/\1)721
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(b) Find the magnitude and direction of the velocity of  one second before it strikes the planc. [4]

P shkes plane when —Bwe=2(8)= 572
A sceond befve P siikes plane, +=16-(= 155

H-n-n'za-ﬁaﬂd, Vg = umse = |0Ox 3 = €&Owms "
5

Vev—h'cﬁlﬂ7 \-rd = u.s,-,.‘e__f_c-_s)t _ IOOX_l:t. _joxIS = "'IOms".
)
s

&omg !

V2 d 6024 (10)* = 92195 ms”
=D Vved92-2ms

danat = =70 D a=Han (10 ) = -19.39°~ - 4q-4°
&0 &0

13 mg!

Speed °§: P=92-2mg’, Diection 95: P= kAl below heszontal

9231/31/M/121
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OQona horizantal

A particle P71 projected with speed i at an angle @ above the horizontal from a point
from O at a

33
> « eI Teelv e i M . =
jlane and moves freely under gravity. The horizontal and vertical displacements of P
subscquent time £ are denoted by x and v respectively
(1) Usc the equation of the trajectory given in the List of formulac (MF19), together with the condition
y = 0, to establish an expression for the range R in terms of u, 6 and g. 2]

g = z+and - jsecnﬂxl
Qu™*

When d'—'—o y)

0 = x+and - qeec®@ =™
u*
O = —la.ne - jSECQQ 'L) ré
2t

¢
z= 2l4and - 27 5;";,3)
asec26 8(;5'4?6‘)
x = R sinfeesl - «?sin20

d d

2 .
R = W*sin29 .
weight A, in terms of «, 0 and g.

- 2%25"”6“’5'6 = LLQ'SI'neQ:.Se .

(b) Deduce an expression for the maximum | 2]

Fcn’ oo !"e‘-(jh"}'i :[:_R_
A .Qa

Jd
Sk,lgs{']“}u.’})nj : J-:_ QISI‘HGMG fan§ — !ﬂse‘::}e (LLQ.SII\‘\G s =
9 Qu* g
H= w*sinf - geec®B x u"sin*f s
N R4 J*
H = om*f — wFoil
3 9
W2 S0
&
J -

re- R 5__65,;1@—'

%0

9231/33M121
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nlil
V3’

(¢) Show that 8 = 60°,

Itis given that R =

R= u?sin20 -

—_—

d

= ysﬁ(@%s@

A

C—OSG = Sl'v;e 2 4an 8 :J—g‘

Itis given also that u = V40 ms™'.

—ﬁ_ o

g =60 -

(d) Find, by differentiating the equation of the trajectory or otherwise, the set of values of x for which

the direction of motion makes an angle of less than 45° with the horizontal.

Y= z+an @ —asec_"e =2

(4]

_Lig_:"l'ﬁne"ﬁii_e_i"

d=
Since w =0 2 ,2'3_.:"]'0-?19“ 0sec®f % =tanB - sec*Q = .
dx 0 &
Since_éa__‘__—i_%':_fé_z_}md
41 dz, Vo "d
dat
Sce we require \ac.‘ <]+S° E) l-h:xn dl ‘<j_. Ve

\ﬁ'i\" 43 | o=l

Calcal  values :

— 1 =4am€0 -5 «

{F=
dz + 4 -

4

x

\

i

— I = -*‘m-le"' S&Cze i &

0 1] < 43 -I<+nn6—sei61<i-

W’W\ -l'n.ne—SEC_ z = [
lr.

Fan G- @20 x . {
Jz - %

Nz -4

A

x

1l

ﬂ&n H”I<K<E+i.

9231/33/M721
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45m \

[

sea level

i i = rerti iff of height
A stone is projected horizontally, with speed 10ms ! from the top of a vertical fl:-;fﬁl soward |
45 m above sea level (see diagram). At time ¢s after projection the honzorﬂal and vertically !
displacements of the stone from the top of the cliff are x m and y m respectively.

i i ati e stone’s
(i) Write down expressions for x and y in terms of 7, and hence obtain the equation of th 1
trajectory.

i i int w aches sea
(ii) Find the angle the trajectory makes with the horizontal at the point where the stone re B
level.

l) HD\'\.Zan‘\m%; P =\,¥. x‘f
2 =10k =0
terkically , gz O()+L €)%
y=-5t2> )
From (1) "c=,|.’-’-5-—3(3)
Su)as%'h%'na (2) i (2): .
- e =
d= 56::-.) 20

T‘) When stome veadies sew le»el,dr':ff)_
5 -45=-5t° I -99t=3"

Oms

\AJ\'\P."\ “‘_":‘— 3 b
3 -
\, =10 ms - 30ms

_ 0+ (o)) = ~30"E

v
d " . .
_ -30_3 a=tan (3 =-N-5¢ =-1|-€
—innac=;‘%—-’-)'hn¢'—-"5—' )

Dn'rec-\n'av\ 552 5-\'5“& = 7|€° be)ow 'He Lpnz:m“'al

9709/5QNC2
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55 A particle is projected from a point O on horizontal ground with speed 50 m s”'atan ::ngle 6to the
horizontal. Given that the speed of the particle when it is at its highest point is 40ms™,

(i) show thatcos 6 = 0.8, (2]

(i) find, in either order,
(a) the greatest height reached by the particle,

(b) the distance from O at which the particle hits the ground.

[5]
|) J-[—D"r\s.’l

50 m s"
8

Henzem SDcase =40
‘bﬂd) CasB -’-‘_2_‘_‘ :08 <5hown)-

-ﬂ a) \Jer)ﬁca%j; uslnd P cos O

Q- @Osme)::z(—m) () sin® =
= (50 x;B_)a -20H

1 ol
¥ o
X

5

20H = 900
H = kSm.

D) Tl e of Jhgrt - 2usid - 60x T (o

8 [o}

Ronp = ¥y xt = B0=sB x & =50xkk x& = 14Om.
5

9702/05/0/N/04
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A particle is projected from horizontal gr i -1 °
6 Lorizontal. The greatest height I'Cachedgb(r’L:Fd “,’1!1] speed u ms™" at an angle of 0 above the
y the particle is 10 m and the particle hits the ground at a

distance of 40 m from the point of projection. In either order

an

(i) find the values of 1 and 9,

ii) find the equation of the traj i :
( ajectory, in the form y = ax — bx?, where xm and y m arc the horizontal

and vertical displacements of the particle from the point of projection.
(7]
10t
W
0
& ==
HOm.

i) Naximwm \\eia‘r\' = !us{nalz

)
d
=) (m s.‘n6>2= 200 = W sm @ =200 ——)(y)

|0 = !wsinef
2 %10
Raﬁdﬁ = 2 ugsfne cos®
)
Lo = Qu*sinfesB 2 W* sineesf = 200 — Cl) :

1O
D“"‘A*'"(j (‘) Bd (Q): W sin> 0 — 200
u? sinb esB e S
tan @ =4
g =45"

=) u* sin 45" = 200
LLZ :.__'20D ——9'4.'1:11-00
2

-1
w = 20!“15 .

F) Y= Z"'ane-"asec?"exl
Du

< 4an 45° ~ (D sec?U5” <

d:
Q(zo)l

9709/05/0/N/05
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one is pro_]cctt.d horizontally with speed 8 m s~ from a point O at the top of a vertical cliff. The

st
A -sontal and verlically upward displacements of the stone [rom O are x m and y m respectively.

5
port

() Find the equation of the stone’s trajectory. (2]

The stone enters the sea at a horizontal distance of 24 m from the base of the cliff.

(if) Find the height above sea level of the top of the cliff. (2]

) Bos’”

Hmizaq-}a.ud, x=Vext 9 =8t S ‘i:=%—-)(|)
Vertically @=o(t)+.t CIolt* 9 y=-54* = @)

uiceHL&mé Q) n (=)
3 -5(3) - =

W) When z=2%, Y= -5@4) = —y5.,
gl
leight above sea level of cliff =kEm.

9709/05/0/N/06
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58

A stone is projected From a point on horizontal ground with speed 25 m s~ at an angle 0 above the ;
horizontal, where sin 6 —— Attime 1.2 s after projection the stone passes through the point A. ’

Subsequently the stone passes through the point B, which is at the same height above the ground

as A. Find the horizontal distance AB.

When +=1-2,

d
J

When d:lé .8,
4= @5smp)t -5t
6 & = 0+t -5t*
54* — 20t +16.8 =0
25t* -t + 84 =0
25t* -30t—Tot+ 84 =0
Gt ~-w)(st-6) =0

)
tz 6 o =1t
5 5

i\

\6-& m

\l

1l

Vhen 4= AL = V.Lx-l: =

-——v)

5

n

5x 3 xlt
5 5
When '\':__é_ 2 L=V xt =25*_53-_-"~—%-

Hodzadal ciclance AB =42-18 = 24 m.

9709/05/0/N/06

@55;@){ 45 (—|0)Jc1= -QSx_é-_xl-Q -5 xl-:zl

(3o

I8m.

sin@ =

[5]
e
5 > 1«
A
2 4
0=t
3

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

rom a point O at an angle of 35°above the horizontal. At time T s later the

article is projected I |
B hose horizontal and vertically upward displacements from O are

p:U'I.iCIC passes through a point A w
gmand 3m respectively.

(i) By using the equation of the particle’s trajectory, or otherwise, find (in either order) the speed of

projection of the particle from O and the value of T. (5]
(i) Find the angle between the direction of motion of the particle at A and the horizontal. (4]
l) A

-

w L35

Y = z tan© - asec’ g° x?
2.4

When z= 873:376=35°
S 3= X +an 35° - 10 5652359!8!2

2% w?

220 SEC235° - - 350 _3

2
'y

u” = 320 sec’ 35°
8+tan35°-3

)

LW = I2.53 ‘"15" B

Honzm+nl)d, Z = sz’t
g
T = 07213 = 0.1l .

-—

13.63 xws 35 X |

"

Tn) When 4= 01213,
Vg = 13.53ws35 = 11-090 ms™' = 1]-09ms™

- -1
Vd = 13-563 sin 35° + -10) (0-7;213) = 0.552€8ms -
dan ot = Va2 fan et = 05526
V.

E Il-09
° o ud
o = 2-852 =285 - 4\/1 :’

D\'rtc_“‘id‘f\ o§ n'\o-km = -2-85° above e "m‘?_a'n‘,ul

9709/05/0/M/07
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ticle P is projected from a point O on horizontal
P aarrd< from the horizontal. At time fs later the hori
W o H
v ¢m and y m respectively.
are - ’

ground with speed V ms~!

) Write down expressions for x and y in terms of V and 7 and hence show that
@i ‘e

trajectory of P is

20x?

ye

y=(v3)x-

P passes through the point A at which x = 70 and y = 10. Find

(ii) the value of V,

(iii) the direction of motion of P at the instant it passes through A.
ii

)

o

€0

Hoszontally 5 %= xt = Vas 60t =ii’c_ =5 Ct))()
2 2 ) (a

erkically;  y= (ened)trLGa)t" = Bk -5

Fom (), £ = 22 2 @)

vV ) n ﬁg_z_agl
subs-is‘-}dina (B) m (‘Qj - 47 {2 (—27- <V>

'”_) \.Jhenl =705 Qj’:lo

= D = 08 (70)__;2_0_6’_9).
—) V.‘L
I0 = 70J3 — 98 00D
Vl
Vz = 98000
70J3 -10

J = 29.68ms’" = 297ms

9709/05/0/N/08

zontal and vertical displacements of /2

and direction 6()°
from O

the equation of the

(5]
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“") g= B x - 207"
VL
Subskh%ind \ = 2968 gwes:®

g Fx- 202
820-94

= \ré- - ,—‘t—o—"‘ z
ff_ 2 80-14

When x= 10,

_J3 - ho(t0) = -lihé
":\%— g80- 9k

Since %zi_;id_:'i'and

Jan o = — 6
o = Fon” CLik6)
o = ~55.33" = -56-3
Direchen °jf‘ mofon = 55-3° below te kmnzan-}al

Allexno:]-iueb ) z=70 2 VYyxt =70
29-68as60°xt = 10
+ = k. TEs.

When = klEs, R

Vi = 2468ws 60" = 4Bl ms”
Yy = 2868560 + (o) (rg) = - 2UM 5me m ks

danet = Yy = ~2A45 54 --55.33" =-55.3°

Vg 14 8k

Direc,«km 05' ma'kah = 55-3° \:Q law "Hﬂ& ")GY\*ZGY\'}'QJ.'

-
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article is projected from a point O with speed Vms™" at an angle 0 above the horizontal. Alter
11| 0.3s the particle is moving with speed 25 ms™! at an angle mn"(%) above the horizontal.

(i) Show that V cos 8 = 24,

(ii) Find the value of V'sin 6, and hence find V and 6.

nmmmg,

\faasf) = 25 Cos &

Ve = 25 x 24
as

Veosd = 2 CSMown)- -2 (l)

W) \JEVJn'cnud, using  ve=utal

Bsinx = Vemb+ (—IO) (0-3)

25 ;L)= Vsinh -3
25

Vsin = 10 — ()

Dideg (3) by @) aves

Veos © 24

Vsin© = 10 =) +anf =_b_

12

(2]

(5]

24 = !
Sna = _1_ 2
25
Cosf = 2%
25

= Jat (LB )= 29+
H an (l-’L) 26|

\ ces R-€l" =2

\ = 26ms™) O = 22.6"

9708/51/0/N/09
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62 AI

~I '
50ms Q 7 m

—_——
—
—
_—

—_——
—_—
—

24 m

A particle P is released from rest at a point A which is 7 m above horizontal ground. At the same
instant that P is released a particle Q is projected from a point O on the ground. The horizontal
distance of O lfrom Ais 24m. Particle Q moves in the vertical plane containing O and A, with initial
speed 50ms " and initial direction making an angle 6 above the horizontal, where tan 8 = -~ (sec
diagram). Show that the particles collide. * o)

F;-r Fc-r"’fde P-' s=ut +__L q;tl
2 5

;
s :o(+)+_iL. (0)+* = 5. -
: Height of pacticle P = 7-5+42. 24
" tan = I
ot Hme + 24
for pocticle &, =0z
Haﬁzmiﬂ%) Z 2% ®T es @ = W
X = 50 cosQ xt =
x= 48t
Verbically , 4= (50 =1 )t + L (g)t”
= 14t -5t~

d

When x= 2%, Lgt-=24 23 +=075
=)d=l‘+(°'5)"5(°-5)1= 5-15m.

Fe: When +-0-5m, height of & akowe hoizontal grnd =5.75,,.

\'J\'\EV'I 4= 0-57 HQ‘SLA- gf P = 7"5-(0'5-)13-' 575?’1
Bty Fam%‘cles have same hmzontal ancl veshical “L‘Sf’la-c&nen'}s
5'11\-,\ O when +=05s = e F‘U‘)‘;CIES collde .

9709/52/Q/N/09
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63

A particle P is projected from a point O with initial speed 10ms™" at an angle of 45° above the
horizontal. P subsequently passes through the point A which is at an angle of elevation of 30° from

0 (see diagram). At time /s after projection the horizontal and vertically upward displacements of P
from O are x m and y m respectively.

(i) Write down expressions for x and y in terms of ¢, and hence obtain the equation of the trajectory

of P. (3]
(i) Calculate the value of x when P is at A. [3]
(iii) Find the angle the trajectory makes with the horizontal when P is at A. (4]

') Hm'zdn'&zlld; =V xt = |0coslis” xt = SJS\-L- — (\)
Verkcaly, y- (o554 +iL(—no)+‘ - 503t -5t &)

F"fm 6)7 ’t:,l'_—-——'}(a)
5J =

Subshhde CB) " CQ)3
Y=

J = %- x>
10
_"-) At A, dan 30T = Y-
z
Y = +an 30 z
e
J3
3y = =
3 z-—zz)= z
10
32 -3Bx -z =0
10 -
— — = = 4—3-'*",
z('_\‘?_z+d3*|)=o @ =0 = ’:E—‘Ié”""‘g‘&“—
10 10
9709/51/0/N/10 L= 4226 = 4.23m.
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-i) J = x - '!,,_.
10
A = 1- 25
dz 10
When =z - 4226, dy - -2(226). = O-15HT
dt o)
-éé': QL .c_‘."‘. :,:i'l_r don a
dl dt di Vl

=) 4an & = 0']5‘17
o - 813 =&1

A"\S\C wih hovzordal of A = 8-’H°-
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article P is projected with speed 26 s

1
AP horizontal plane. al an angle of 30° above the horizontal from a point O

64 Onﬂ

i) For lh’e instant \\_fhen the vertical component of i i - ~
direction of motion of P and the height of p ab(:\l/]: J::(;Cl;fe()f A l[lzﬁ

.« p strikes the plane at the poj .
(ii) f S nce OA point A. Calculate the time taken by P to travel from O to A and the

(3]

Haﬁzm\a“a) Vl :Qécos 30° = IBE “’15—" 13‘1'3-""5-'
ol
Tn vechr A‘“ﬁ‘“m:‘bn¢=_vé_=—5 ;. l5m§'
AN ENEY
ot = Yan” (25, )=—12-5u°= -12'5°
13J3

Ver}imud ! us;ha v* =@*+ Qas
(— 5)1= (26 sﬁn30°)2+ .'2610) h
h = 7-2m
2 Directon oj: motion = 12:5° bebw howzental , ken‘aH of P abwe pane = T-2m.

ﬂ) Votal fime O)[ §I:SH = Qusinh = AXWBxsin30 = 8s
10

Distance OA = vyxt = 26es30 x2:6 = 58 Bfm=585m.

970/SIVON10
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A particle P is projected from a point O at an angle of 60° above horizontal ground. At an instant
0.6 after projection, the angle of elevation of P from O is 45 (see diagram).

(4]

(i) Show that the speed of projection of P is 8.20ms™’, correct to 3 significant figures

(ii) Calculate the time after projection when the direction of motion of P is 45° above the horizontal.
(3]

Ho ﬁzaﬂ‘\ﬁ-\h y L=V xt

z = Veos€d xt = Vt

Vﬁ%’\'caﬂd, dzéjsi‘?éoo)'k*._l_(;IO)'tz: E\H: _5_*:2
2 po}
and '&=O‘é

M P, “danus=_y éJ=z+m‘l5° D y=1
z

3 Ve = BE V) -56-¢)

2 2
0-3V 0.3V —I'8
(03-038)v =-18
V= _-1.8
0.3-0-303

V = 8196ms' =8-20ms . (Slwowh)'

|l

M

Pl<

T‘) Haﬂ'zm-lu.u‘j7 Vy =Vas go” =

Vertically, Y = Vsing0°+ (-10)+ = _d;imof )
dan §5° = Yy 3 Yy tanlis® = vy %
\Il \’z_ = \ld
V. = BV-Iot =) lot = r\, u
2 2
+ —_L J"_ ][g;qg]
g709/51/0/N/11 _!: - 03 <
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article is projected with speed 17ms™ at an angle of 50° ) .
¢ 2P ol ground. Caleulate the speed of i ' ang of 50 abqvc the horizontal from a point on
horizO peed of the particle 2 s after the instant of projection. (3]

W)\Cn +':- 25)
V= 1Teos 50° =10-92 T mg™

Vy= Mein50°+ (o) () == 6971

V= \r\’z * vyt o= d10421%(6-971)" = R4 ms " = 13.0m<™
|

: Speed of pashcle =13-0ms™

9709/53/0/N/11
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nicle P is projected with speed 25ms™ at an angle of 45° above the horizontal from a point O
a

67 honzonml ground. At time 7 s after projection the horizontal and verlically upward displacements
ofP from O are xm and y m respectively.

) Express ¥ and y in terms of 7 and hence show that the equation of the path of Pis y = x - 0.016x2.
@ (4]

0 Calculate the horizontal distance between the two positions at which P is 2.4 m above the ground.
(i

(2]
]

25ms
45

Horzontally, z=Vext =RBesy5’xt = 2502+ — ()
oy

\'cr-\'icaud ) d:(-‘l‘is-‘nl-lﬁo)-}: +_QL(-|0)-1-2= _-’2_%{_5 1 "9(;‘)

Fom () t=_22 ()
2532
Sdostibiding ) n @) .

— 21.2 =z O'Dléz.z‘
_5| 2| =%
o QSJ- [asr LSﬁ 23

e 0016”2 (Ehe)

W) hen g= 2ky 24 = z-0-0162
0.0142*—z +2k =0

D z= -‘Cl) \j(l) 1{'@0’6)(__)_—

2(-0l6)
z= 1+ Jo8isy = 25,60
T o BBEL

: Dictance be-ween F::Si-Jv'aws ot which = 60~23.5=57.5m
P is 24k m above He jf-mmd

9709/53/0/N/11
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[

icle P is projected witl -1 o
artic proj 18peed 30ms™ at an angle ol 60° above the horizontal from a point O

on horizontal ground. For the instant when (he speed of P is 17 ms™' and increasing
) show that the vertical component of the velocity of Pis 8 ms~! downwards 2]
(ii) calculate the distance of P from O, (5]
P
1ms"
30ws!
s cc°

f) when 5‘7&4 o? P e 1 Tms" ond incy-er.g‘nai P has exossed Fo.‘\-,-}- at ~hich
sfea.-les-} he,lah-i‘ is obtained .
- -
Ho‘ﬂ'm‘}aj—g) V, = 20 cos ¢e° = 15ms". ISms
Fom vecdor diagam, 1772157+, " v
5 J 1Tms™ d
6l =Yy

= \!d =—8wms .

Tl) VEY‘HCAUGJ U..Sind v=u+at

-8 = (305&, 6o°)+ Cio)t

£ = 30sm0+8 = 3-398s-
10

H”*fwrmg, 2 = Vg xt = 30s60°x3-398 =50:97m

Ver‘Hc:an ) d = éo sin 65)(3'3‘18) "‘-i— ("o) (‘:"ng)z

d = 30-55m-

i}

— =
2 Distance >05: ?j:o‘“" O:‘J v+ J

= 50“?-’2"" 30'552

59.4+:2m = 59 4m-

"\
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15ms!
-

=

/ A P .
OANT0° I1.2m - —___70"_]_ ==

2m

The point O is 1.2m below rough horizontal ground ABC. A ball is projected from O with speed
osms” at an angle of 70° to the horizontal. The ball passes over the point A after travelling a
porizontal distance of 2m. The ball subsequently bounces once on the ground at 5. The ball }cavcs 15
withspeed 15 ms™" and travels a further horizontal distance of 20 m before landing at C (see diagram).

(i) Calculate the height above the level of O of the ball when it is vertically above A. (3]
(i) Calculate the time after the instant of projection when the ball reaches B. (3]

i) Find the angle which the trajectory of the ball makes with the horizontal immediately after it

bounces at B. (2]
i) Haﬂ'zdn'}uu&; y R L
2= 2BewsTOxt 5 =2 =02339s:
Q5 ces 0
[ . _ . ) 2
Vecheallyy  §= (R550075) (02329 L (-19) (o-2339)
(j = 5-22] m.

: Height above level of @ vhen bal _5.22(-1-2=% 02 = k-02m.

is ver%‘calla wbove A

) Verkically , b= k2

= (5sin107)E + L (o)t

-2, = @5s:n’lo°)+ ~-5t°
5¢* - psen o)t + 112 = O
4 = - (25sinTo) X JEassin10)* 4 ()(-2)
2(5)
t= 0.0514Y or = 4648 = h.45<.

Tgnere)

Time aﬂl}er instant aj: rmjec%’fm when ballveaches B = k-5

9709/53/0/N/12
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-ﬁ) Ranae, = u* sm 20

J
20 = 15% xsin20
[0
Sl'r,,'za = _&_
=

20 = s @i) =£2.13°

8- 3136 =3k .,
Dircc-\icm of wmafion aned:‘dejj af‘\ﬁ' H’ bounces at B = 8,')#' .
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0 A gmall ball B is projected from a point O with speed 14 m s~ at an angle of 60° above ik hEizonal.

"

1
(i Calculate the speed and direction of motion of B for the instant 1.8 s after projection. (5]

The point O is 2m above a horizontal plane.

(ii) Calculate the lime after projection when B reaches the plane. (3]

i)

lms £o°
0
When 4= 1-8s; Ve
- J
Vy = lsingd + (-10) 68) = -5.875 ms".
—-————___—_—_’ 2 _!
ve dv ‘»'dl = 724-(—5.375) = 9:139ms .
e s (_b;glz) - - 0.00°
\}1 Vz | 1{0'00

+ Speed of nobon = Hlims' Diechion o i = Ly belows homzantal.

Veekicall(,  §° (sm0) £ asi_
-2 = @ sinéo")‘k = St

o T 154 -5t
=0

5 st -3t~ 2
y=-C18)= N (‘7@:"#(5)(‘1) = -0-155,2-519
2(5)

-!;:—o |55 ance A 70

Tarore
3 +==258s:

g709/51/0/N/13
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fa vertical ¢liffis 20 m ¢
e lop of a verlica b m above sed leve ,
1€ . alevel, Arlieln I ¢ = . )
- :E:lg]L‘ of 30° above the horizontal from g point O ﬂlAtlit‘:tl;dL[’le S s g & A
ot & > top ol the cliff, Calculate
(@) the speed and direction of motion of P whep it strikes the wat
: s the water,

. . (4]
(i) the distance OP at the instant P srikeg the water

(4]
)

Ver%caﬂ-‘j) d S(tksine){’ —_@if
2

-20 = (i5sinad’)t - 5t
-20 = 75t -5t7
5¢* ~T75t-20= O
ot*-15+ - 4Q =0
2.2 -~ R =0 2D 2" 4=-C3)xJ()-4@)-8)

2(2)
t =2.886,-1'386 (:rf,nare)-

+= 2.886¢
=) Vy = 15 2in 30 + (-10) (2-886) = -2].3ms ™"

-1, -1
‘Jq_:IScosBOO’-: 12.99 ms 12-99ms

- 2
L = e
V= W= J 1249 (21-36)" v -3 36ms’
V= Q5-OWS’I-
Yonof = V4 = = 2036 D= -58.69 = -58-7"
\[1 12-99
& SFCGA o}-— wmohion = 25-0 'MS—' ) Divec*m °:F mofion = 587 be low ‘F“ZC"M
@ When P shikes weter i
Z = rt= 15es 30 X 2- 886 = '

‘d = —20m
D opP = m = 42Hm =H2Om

9709/53/0/N/13
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¢ horizontal from a point O on
5° above the horizontal.

[4]

. ve th
72 A particle P is projected with speed V' m 57! at.an angle o 30;::;?11 angle of 1
horizontal ground. At the instant 2 s after projection, OF ma

Calculate V.

Vi

When Y=
Hm'zenlral‘lj) T = Vcos.?:Oon: QVes 30 = J3 V.

Ve °
e %ca% )d:(\lsin 30),451 +é_(—l0>@)l:\l—' 20 .

+an 15° Z_G_.
z

+an \50 = V-20
NEXA

3 4n 5%V = V- g0
0 = (\‘drg’l'anlf—)a\)\/

Vo= 20 = 3732ws =373 ws:
| = J3 tan 15

9709/51/0/N/14
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vV

lcmumion of the trajectory of a small ball B projected from a fixed point O is
m
y = -0.05:2,

oy and y are, respectively, the displacements in metres of # from O in the horizontal and

wh ards directions
- ally upwards &
yertie st
(3]

(i) Show that B is projected horizontally, and find its speed of projection.

d the value of y when the direction of motion of B is 60° below the horizontal, and find the
(6]

(i) Fin

corresponding speed of B.

Y=-0.05"

B(j compan'Sen P J= 2t - gsec?Q 2* 3
22

2
X4an =0z =) tmB =D =2 H=0""
and gsec"e = 0-05 2 10 x 22 0° - 0-05
Qu* 2 xu*
lo x | = u?
%005
00 = q_a'
S w=10

e Angle °§ ]"‘D]eckcn =0" 2B f’”“’JedﬁA }ﬁﬁzgﬂajh‘
Sfeefi";?"iec-kcn = [0 mg™,

)
|Owmg”

\
6o° *—g
I\ %e ucc‘\w‘ aL‘a.ﬁ(m) ~on 6‘0‘ = W_a_l = I\J;l
1\!1) ([e]

o) l\/dl: 10+an €D°= TE) wms™!. =) W= - 03

In the verkical clire chem)
Ny= O+ Go)t H-1083 =t D t=8s.
When += ﬁs, A = |0~4J3 = |DJ§;M,
When 2z1073 m M7 -0.05 (’°‘r5) = —=15m
'.'G' \ID.L,(C O{S w\\en o’ircc-,'-'an Of m"'}t‘aﬂ 1S 60. I;elgw Llawggn-}-oi = "5'71.
|oz.o-60.r5)1 = 20 ms’ll i-e . Cd'wes,:ewd,‘nd = Qorng-l.
Speed

2 =
9709/51/0INI4
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4olf ball B is projected from a point O on horizontal ground. B hits the ground for the first time at a
14 Oi’n[ 48 m away from O at time 2.4 s after projection. Calculate the angle of projection. [3]

=) +t= ks

48w
Hm‘zdnJrale, %= Veos® x 2+ 4
D 48 = VeosBx2k
D Vews® = 20 = (l)

Verkcally ) Balk veaches @eatest height when +< |35
Usin N = wtat

0= Vsin®+ G"O) (":’1)
Vsin 6 = 1A (2)
D.\:?o\ina CQ) bd (:L) Giues..

Vsin© - 1
VsinQ

\Jcose 20
p ==
on® =2

\
W
Qo
-0
o~
o]
i
b
o
_0

9

9709/53/0/N/14
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. Aparticle Pis projected with speed 50 m s~ at an angle of 30° above the horizontal from a point O
B ond horizontal plane.

(i) Calculate the speed of P when it has been in motion for 4 s, and calculate another time at which
P has this speed. (5]

(ii) Find the distance OP when P hag been in motion for 4 s. £

'ﬁ \'bﬁzﬁ+alld) Vi =50 e ao° = .?SJTB‘ wmg J
Verk Cﬂ-ud ) "d = 50sin 30 + (—10) @) = —15ms -

-
-t

V= .‘ a 2 2
2 Y :\JGS‘E)"'GFS):L = 45.83 ms"zl‘IS'ng—\-

v ofhec Fime when v= 45-Bms™ ) e reguire Vy =+ 15 M .

\)sn‘\n(j V= wiak
|5 :6505;“3 oﬂ +(-10)
Other T4
(e ke “hen P has speed = 415.8ms™! is t=4ds.
whea ¥ = ks,

“)1 Hf"'zo’““'ﬂ%j) 2= 50c0s30 xl =732 m.

\l -
bl g 0300114 Co 6 = 20

:9 OP:—\ ll.g-dl:

Jd 3.2% 0% = 1743 ~ |7 .

9709/53/0/N/14

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

76

article P is projected with speed V'm s™" at an angle of 60° above the horizontal from a point 0.

A partie hspeed V m.
At the instant 1's later a particle Q is projected from O with the same initial speed at an angle of 45°
zbove the horizontal. The two particles collide when Q has been in motion for fs.

(i) Show that 1 = 2.414, correct to 3 decimal places. (3]
(i) Find the value of V, .
The collision occurs after P has passed through the highest point of its trajectory.

(4]

(iii) Calculate the vertical distance of P below its greatest height when P and Q collide.

1

v

A
)

v
60° U5

(-]

For P,
Hd'n'zo'ﬂsfd-“d, 'Z,P: Veos éoa ® (—t-}—[) .

a 2
Verkically ) o, = V singd x(£+1) +L (o) (s41) = Vsingo™(tr1) - 5 (4+l)

Fd‘\" @)

H'miz.o‘ﬂ‘}a.l%j, xaz\lmsl."sbx-{;—
2
gq= Vsn¥5 xt Jrgl_(—w)%‘L = Va5t ~s5t7.

When collision occuss, x‘P = Ay

2 )J{os 60°xé+1) :){osu? xt

| ] = 4%
LG+ =L
4+ = 2t
EEICERDE
= == [+ =24 2.
JR -l 8 TR 24l

-ﬁ) \’JL‘N GOIII'SI'OT\ o ccurs Qi + = 2.4l s,
o = da
Nsingo x (&-4lj+1) -5 (2-44+1) = Vsinli5® x 2:41y -5x Q-4

2.9567V — 58284 = 7071V ~29-142
Lokqpy = 29 14
V =23.32=23.3 5"

9709/51/0/N/15
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e T3S SECRS SRS S SN D e d

r‘.\ S"‘a-—cn:‘es* )\ejah"'; h= ﬁ’s’m:_‘e_

S
a : 2‘600
= 23-32 X il
2 x 10
= 20-395m.
When collisiom oCas ,
= Jo-67|

ﬂF = Ra.ggxsinéco x <5.qu,_)—5(3-¢llf)

s Verkcal diglance bele greadest Let‘?H'
= 20.395 - 10-61| = 9-724 = - Tm.

|
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v

\P;micli’ is projected with speed 25 m s™' a1 an angle of 50° above the horizontal. Calculate the time
/ s ; .
f after projection W hen the particle has speed 18 m s~ and is rising. [4]

[Bems™

-1
25wms

o

50

peizomlally, vy = 256550° 214049 me™

16- oéa

UEC’*‘G‘-
gmﬂ‘\olia_%rcum; \fd = \] 182_16.06‘1'1 = 'H—f‘g'f_m_s;“ g’oq ms'-'-
\]er-kcaﬂd, u.sina vz dtak

8109 #i5+= 25sin 50 + C10) +

+ - 25sih50°—&.109
10
+t = |-10ks = |10s-

g700/53/ONI15
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. : - : -1
icle Pis projected with speed Vm s™' gt an angle of 6° above the horizontal from a point O on

A H . . .
p r;on'lonml grounhd. 1'}\;%:1“51?(“[ 4s after projection the particle passes through the point A, where
oA= A0m and the lin makes an angle of 30° with the horizontal. Calculate V and 6. (5]

When P is at A,
= U0cs30" = 2003
d= kosin 30° = 20
F\m’zm"m-lg’, = \fc:os@ xt
20403 =Vca56 x I =) V¢°56=5-E -%(])
\Ieﬁim,uﬂ ) ‘d: @s€n6> Xt + (‘IO)'tz
2,
2B = @sine)@) - 5@)9‘ D 4Vsnh = [op =) Vsin® = 35 —9(&)-
So’uan'na G) and (Q) end m:lcl.md qes:
\[250526+ Vas?n"e o QS\L’B—) 21- &51
V= 700
V=26 k5ms™ x R -Emg .
Divl'cl.'na (9) lﬁ O) ges:

V‘Sl‘he = 25

m .

Vs 533
tan® = B 990 =70-89°575.0°.
= 109

-\ =265 ms' 6 =109°

9708/53/0/N/15
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article P is projected with speed 35 m s~ from a point O on a horizonlal plane. In the subsequent

7 g equation of the trajectory of P is
(LR
245

here k is a constant. P passes through the points A (14, a) and B (42, 2a), where a is a constant.
W

y=kx

79 - iion, the horizontal and vertically upwards displacements ol P [rom O are x m and y m respectively.

(i) Calculate the two possible values of k and hence show that the larger of the two possible angles

of projection is 63.435°, correct to 3 decimal places.

For the larger angle of projection, calculate
(i) the time after projection when P passes through A,

(iii) the speed and direction of motion of P when it passes through B.

y=ka- (156*)2°

245
Since rnr'kde passes ‘)‘Lmtﬂ\n (jq-,a)’

D a= Itk - (l+k2)xl% - ()
25
Since porkicle passes ‘f‘nm-ﬁ\n (H—Q,Qq))

o 2a=l2k - (k) x 164 > ()
_ 245
SuLS‘I’\‘JM'}:ha (I) i (Q) .

Q[ Ik - 196 (1K) [ = 42k = 1764 (|+k1_)
25 Uy
2k - J“MHH?)

3}

a8k - 392(i+k)

245 U5
5¢(1k*)—- lk =0
5-6k*-I4k +5:6 =0
2k*-5k+2 =0

@k -1)(x-2) =0 9 k=g

Ba camran'sm o d:@ﬂn@)l—_ﬂf@—zﬁ) +anf = R
2u*
tn§ = L o 4= 2
0-26.565° o © = 63435°

C.Slmwn) .
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1—1) For luae’ onjle o} F‘ft:).ec_'ka 8563-1135°
T 35cs63.435 xt
Vhen ad A, 2= 2 W = Bas€3.435° xt
+ = 0-894lis = 0-8%s-

i) Whea at B, %= 42
9 42 =35e0s 63435° x+
+ = 2.683 s.
. = ; 2 - - -
2
xij = 35 sin 63-435°+(—|o) (3-683) = 4..47_'2",5-1_
Ve = 35as €3-435° = 15.652 "

o = Jran"<_____-‘*'“71) = 1594 ¢ |5.9° v
’5'65'2# AT g™
J = \J V11+ VJ Z a ) |
15:652 mg™!

v = J1562% 412 = 1726 me™

SPeeJ n:F mofien o‘-}\ Pe=17.2 msnl.
Direchon o_)t mofion o} P=I5. cic' - ‘u\-,'zcmfﬂl' .
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op Astone S is thrown horizontally

[

from the top 7 of a high tower. At the instant 1.6 after S is thrown.

ine 1akes an 7 o . .
the line ST makes an angle of 30° pe]ow the horizontal. Find the speed with which S is thrown. (3]

| ‘yms
)~ _
-
o -
30 \
S\

\

\

\

Havizan')(al%j, 2=Vt =16V,

Ver‘}‘!'c_a.ud7 usfnd S:u_{-_-l—_i_aiz

dzo("s)*’.l: (0)(¢)* =128,
o 16\’
4an30 = 12.- 8 e

-6V 12- 8
12- 2
16 +an30

i\

v 213.85ms" = (3.9 ms .

9709/52/0/N/16
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particle P is projected with speed 20 m s™' at an angle of 30° above the horizontal from a point O
on horizontal ground. P subsequently bounces when it first strikes the ground at the point A.

(i) Find the time after projection when P first strikes the ground, and the distance OA. (3]
when P bounces at A the horizontal component of the velocity of P is unchanged. The vertical

component of velocity is 8 ms™! immediately after bouncing. P strikes the ground for the second
(ime at B where it remains at rest.

(i) Calculate the first and last times after projection at which the speed of P is 18m s~ (31

20w
"5

-

3

0 30° A
—
lime °f ﬂ‘ﬁ“ = 2usin® . 3x20x s 36 - De.
o

Ra.qae_ = 4 sin20 . 25" xsin (é.o') = 34Lhm = 2% lm.

d o
:'C-"T..ne af‘-er FvoJe chon ~hen P j;rs"r .S'\ﬁl’aes Sru.mci = ls-

Distance OA =3lhém-

u) - =il \%rs-* léme when s[:ea\ o; Pis 1Bmg's

(8ms™!

Vv, = X0 tos 20" = 1013 vs’' 103 mg"!
.__-——'_-—__2: 1
v, = = = = A
) = J (523 G°E> = —ZJZ S

Ve,,gml[d, vy = 20 sin30 + (-10) £

236 = 1o ~ot
4+ = 0-5101 = 0-510s.

& SF&A = |8n§-| 5" )QYS‘l' +me when +: 0-5)0s.

9708/52°0N/16
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After Sirst bounce

_ (8ms "
= 8nd
/
%\o.\’é mg”!
When srer_cl 'S 18ms ', CRERTS
5"" lagt +me
v
8" d
-1
Wy = et Goﬁ)z = -2 s

\,!?Y"HCC‘JB; Ud = 8 + C"lo) t
-2y = 8- lot
o+ = 1-2898 = [-29s:

o la st fme sraeol s I8mg ' = 2+1:29=3.29s.

el
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g AST all ball Bis projected from a point O which is im above a horizontal plane. At time 23 Bltct
87 Sy o I
projection B has speed 18 ms™ and is moving in the direction 30° above the horizontal.

(i) Find the initial speed and the angle of projection of B (4]
l8m5'|
o =X -
30’
hm

Cia’é' “15"' =) Uy =°ld’é' ms-l

Vi = |8cos B0

|

Ver'\ica)%j 7 “'d = 18sin 230" = 9 m¢!
Ug{nﬂ Vautat 9 9= Ygt (-1o) (2)
<9 = 'ty
w = |‘ ulz"'“dz :J@Jg)zflﬁz w uﬁ
= 3292 msﬂ‘ = 32-9ms”! =
u
Honot = Yy 9 tanct= A )
Uy Az

e = &1 =g)7°
 Taidial s]:eed = 32:9mg", Angle a_-f projection = & (-7°
B has speed 38 ms™' immediately before it strikes the plane.

(ii) Calculate /i. 2]

__‘-——"—'_—_—__—__- -
vy==J38*-(a3) * ="Jiol - indud
\IE\’"“T C“nd’ Sm‘j 2 _2+2as 38umc! "a
(sl I201> ’ (.2‘1) +2(-10)h
20h = 360
h= I8
9709/52/0/NI17
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p bounces when it 5:(rikes the plane, and leaves the plane with speed 20m s~' but with its horizontal
component of velocity unchanged.

(iii) Find the total time which elapses between the initial projection of B and the instant when it strikes
the plane for the second time. [5]

P\-S:'EY ):mmcind :

20w
20mg!
QBms™ YT e
csat = B 2 x =389y
20
Time of fligtt = Rusinet - 2x20x sin (38-792°) = 2-506 s -

10
te- B hils the growd 2:508s after bouncing foe Jicst Hme -

. T29mg”

[Bm

T -Ji20) ms .
For inidal wnosemenT ; vey-};cajld‘ U’\-) 120] ms

u.sirzj V= utat
- lzo| = 29+(C0)t
+ = £-3655 = £-368s

& Tota) Hme which e.\a.rses beheen inibal ijEc:-kmn o}‘ B and| mstant i
sStkes He j:lanefw =econd Fime.

= 2506 +6&-366 = 8:812s = 8. 87s.

9708/52/0/N/17
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’ all ball is projected fr . -
A sma projected from a point 1.5 m above horizontal ground. Ata point 9 m above the

_ound the ball is travelling at 45° ! Sy = N
;:-zjcction of the ball. g 5 above the horizontal and its velocity is 4 ms | Find the angle ‘:{

when 8"7'6"")
Vg = bes s = R mg™

"'d= heinlys® = PRER. T
Tnik U, = WeesB , Wy=usi o)
a‘\g‘.\:ﬂ.zm}au& S ’ wsin
“Then A ; Weos® = 02 > ()

\r *“HC ) 2+ - = =}
e a.Ua-, us\na vgu+.’2 52

Glﬁ) :Qkﬁ'ne) -f--'ZC—IO) (7-5)
8

Wsin2@ — 150

\

58 = usin©
9 usiv@=dI58 2 (2)
D\‘u:ohnd (,2} bd (|) gies:

wem® = __JT_E_%__
_ushU

weos © ada,
4an® = J79

———

2

9709/53/0/N/1 7
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Jrticle P is projected with speed 25 1 5~
¥ porizontal ground. At time 15 after proje
°p from O are xm and ym respectively,

1 .
dtan angle of 30° above the horizontal from a point o
ction the horizontal and vertically upwards displacements

. press xand y i o
(i) Express X Y interms of t and hence show that the equation of the trajectory of P is

X 4x?
V3 37s =
25ms"
4
3°
Hm’am}aﬂd, L= 250530 xt = 2503 t o z=1Rs3 ¢ "3(\)
o 1

Verd e = 2553 xt +L(-10)+% = 12.5¢-5" — (2
llf) §= 25an8Tut rL (o)™ < 125¢ =)

Rom (‘)) t = % —-—%CB)
12.503

S\Q)S‘\';-‘u-kné (5) n CQ\'. .

= |5 x
=z 2-§ x —
d <|Q.5\!’5> 2-5 (45>)

::—2(.—_..-)1'2 o] -
3= oL (Show)

709/53/ONT
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(3]

(i) Find the horizontal distance between the two points at which Pis 5m above the grOUﬂd-
Wieo ' s B abeie Gmmd » = 5

) 5= x _ 4ot

3 315
5 = 3Bx-hEx>
315 J3

181503 = 315 4 - 4 (5 22

B <* 5152 + 181505 = O
z = - (-215) £ J(-3)* 4(43)(8755)
20453 )
= \0‘32.1 QZASO
+ Horizontal distance be-ueen Fm‘n“rs ot which P is 5m above ‘ﬂ\e ﬁw—m-md‘
- 43.20~10.80.= 32-48m = 32:-5m.

9709/53/ OINIT

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

o

s

5

A small ball B is projected with speed 30 m s

- \ "atan angle of 60 (o the horizontal froma pointon
porizontal ground. Find the time

after projection when the speed of Bis 25 m s~ for the second time. [4]

o -1
¥y = 30cs€0 = ISmg™ [Sms
‘ ‘ ) )
s
Vg =] 25*- 15™ = ~20m¢’’ R5m3!

vy = 30smE0 (Glo)t
I5J3 -0t

1
bN]
o

i\

—

t = 893 +20 = 4.598 ~4.gos
10

9709/51/0/N/18
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A small object is projected with speed 24 ms™" from a point O at the foot of a plane inclined at 457 to
the horizontal. The angle of projection of the object is 15° above a line of greatest slope of the plane
(see diagram). At time 7s after projection, the horizontal and vertically upwards displacements of the
object from Qarexmand ym respectively.

(i) Express x and y in terms of ¢, and hence find the value of 7 for the instant when the object strikes
the plane. (4]

Hcm'zd'fr‘fa.ud, %= b cos 60 Xt
x = ,Qt

‘Jer\w‘ca_\ld, 4= 24 sin€o” xt +_;Iz-(-lo)—tl
4= 12J% + - 5¢7
When object shikes the plane,
4an 45 = —& Y
x

= +unl{5°éj) = % 3
1(:1) = 2
9 1aBt-5to= 12t
+<|2a§—5t—11)=0

4 o= 1243-12
5

+ = (-756 = |- 76s

4=0 or

ie- Value o_} -+ when oL-JCCl" stabes 'H».e P[“‘e =116s

9709/51/0/N/18
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ii) Express the vertical height of the object above the plane in terms of t and hence find the greatest
vertical height of the object above the plane, (5]

le‘h .,er-]-;ca._\ L&,‘SH o-f bLJEC+ cbove F[cme =\'\'

1 A + lf-_o = .
7 +an 45 iL:;\/:quqg =2 (()=z- 5 i’y
’ﬂ\e‘ﬂ; h = —\/

h
43% = 1203 - 10 — (2.
for greatest vectical L@GHa ih_ =0
at
2 [ad3 -10+-12=0
+ =12-12d3 - 0.878)

~lo

When +=8.8184 , = (243 (o-8784)~5 (o.8784) ™ 12(o
)1 = 385—8 = 3.8{m

: Greatest verked height alove fle plane = 3.8¢m,

.8'184)

9709/51/0/N/18
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11 ball B is projected with speeq -1 T g
Asmd ; Peed 38 m s~ at an angle of 30° to the horizontal from a point on
7 honzomal ground. Find the speed of B when the path oth makes an angle of 20° above the horizontal,

(3]

20° v
38m;
<
300
+ blx = \/1
Havizom ouﬁ i 38cos 30° = v cog 20
V= 38cs3o
s 20°
vV = 35.0 ms".
9709/52/0/N/18
- —————— e —
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_ object is projected horizontally with speed V m s=' from o re
f\.\mn” j ally with speed Vm fu)m.lp()mt().'muvchnrimnmlgmuud

QS ime f\ a l .] ‘
e S r “t ) al e ll“}‘ u )W("d! (|IH[)|-IL(.IIICHL§ Ol ”lc b (
\ T pro C‘.“(\)“ th ll()lllUlIl ‘l l“d VCI“C I 0 JC(.‘ fl’ nn ()

e

(i) Express xand y in terms of ¢
5x°
y="yz

and hence show that the cquation of the path of the object s

} 3]

Mwﬁﬂ‘av =Vt —)(‘)

4=kl L (o)t =-5¢* 2 (3)

From (1) 5 't=_L'9(3)
\
Su);chFn(j C&) in CQ): d:—s(_{-_)"__:_Sz_z

The object passes through points with coordinates (a, —a) and (a*, —16a), where a is a positive
constant.

(ii) Find the value of a. 3]

Since ol:d'cc+ passes 'H\YU“SL'J (Q'J"Q)'-
PREY.
V.?-

v3-5a —()
and since a\;d‘ec\- passes -anuﬁh Co.";-léa.)'-

Alga = A5G2)

Vl

1Eur=ba3 SR

D'.-vfclinﬂ Q) by @): v* - Ba
Tg_\;;- .‘51:13

9700/52/0/N/18
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(iif) Given that the object strikes the ground at the point where x = 5a, find the height of O above the

ground . 2]
When l=5a=5@)=20
and Y'z5a=5() = 0 J
’ﬂm d:—S:_j: -5z* = -z .
2
when x =20, ('jf- "‘(20) = —|00Owm. g = -1eom
i

K Hecah-F of 0O above afrawwl = (OO0 m.

9709/52/0/N/18
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Small b.'lll B is pl‘O_jethd “{ilh Spced 30 m S‘l atan ﬂl’lglc of 60° to the horizoncal froma pOi[’lt on
89 horiZOﬂlal ground. Find the time after projection when the speed of Bis 25 m s~! for the second time. [4]

-\
(5ms

Vv,
30 " Bme\Y I

—0 _
(=]

€o

Vy =380cos &0 = |5ms’

\i‘-j" "-\] /B> — s 2 = —Qomls.
\fex%‘ca%; “S"'\d v=wtat

-20 = 30sin&o’+ (“10) £

+ = 30siméo° +20
o

t=U518 s = 4k-£0s

9709/53/0/N/18
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article P is projected with speed u at an angle & above the horizontal from
W \gne and moves freely under gravity. The horizontal and vertical displ
subsequent time f are denoted by x and y respectively.

a point O on a horizong|
acements of P from O a1 5

(2) Derive the equation of the trajectory of P in the form
2

- & 2
y=xtano—=—=secq.
21 (3]

Hoﬁzm\‘}'a-ud) 1=<ll cos d)‘b - (l)
Vef\ﬂ'c“l\d7 g= (u.sfnat)-f +i (‘,3‘“:1 = Q{s‘mcz)‘t ‘,i,‘t * - (2)

g”'“(‘))"l?: % _.)(3)

—_———

Uces &

Swshdde (38) in (2):
Y= usina (X ).._3_( x )2

UeoSe 2 \Ucos

(j S x4an ——_@_z__a‘_ sec?or Cshowr\).

242

The point Q is the highest point on the trajectory of £ in the case where o = 45°,

2
l) S . . " . L N
(b) Show that the x-coordinate of Q is 35" [3]

With «= !{SQ) y=% +an 45° -_9 x? sec® y5°

2
- - oy = - . —_
Jg=* (1) —&__Q; (2) = = %xl = X— ,3:1.2.
dy = I-dax

dz €

For hghe s+ point; A4 =0 5 1-Mx_ -0
dz o

9231/31/0/N720
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=) x -coovrdinale 05: Q= _«*

() Find the other value of o for which P would pass through the point Q. (4]
w)'\EW'Z=LL d'_-———»-ég.(_‘}j)n=_“—_2_—,é_x}_‘f_ ’—'.‘ii"‘J‘-Li:—-
2] ¥ o\ a9 @ kgt g4
d 43
9 Q= (2, )
=3 kg

o=ttt - gf_sc;._“e'.
e P4 pass #”‘“ﬁh&(-za tr )

2

e =<}i) tanet - f_ _w_) sec et
9\ 22\ 2y

’L_L_?:_ = wuitanet — @%L* sec?a
4_8 ng 81232

wr = w?* [lf-hnd — sec"aﬁ]
uy 8

= tiand— (l -r-#anlac)
O ~— «—fanza(-,lf‘fmd_ —5
0 = tan’e -t + 3

Q= (+ana"'-3> (wd”)

o dma=3 o twmact

o & = °

e = 156 15
aL':."ﬂ-éo

L-]
Biter Lolee o’: oc =11-6
5 9231731 0'N20

———
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A paﬂiClC P is projected with speed wms™
I ]wrizom“l plane and moves frecly under gr

ot a subsequent time s are denoted by xm

Wi o - i '

atan angle of 0 above the horizontal from a point O on a
avity. The horizontal and vertical displacements of P from O
and y'm respeetively. '-

(@) Starting from the equation of the trajectory given in the List of formulac (MF19), show that

L."-'z 2
'=xlanf— S ‘
) oL an’0). (1]

)

ek g2 D d £
2\'1@526 22

J = xtanQ - g2* (HJ,m,’*@).
2u?

(&haovm)-

Z4an© ”852 sec®Q since V=4 and sec© S
@s

When 8 = Ian._' 2, P passes through the point with coordinates (10, 16).

(b) Show that there is no value of 6 for which P can pass through the point with coordinates (18, 30).

O=dan"'2 3 HanB =2 (6]
When == 10, d:lé
=) 16 = 10(2) -_10(a)* ,((Hf)
2 u*
& = 20 - 5D
T
2500 -k o u?= 635 9 u=A5 ms'.
w
EE 2tan — z2 (era.nze)_.

25
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When z = 18, 4= 30

20 = 184an8 - 187 (+40r26)
125

30 = |84an — 2.592 (1+ar6)

30 = IR dn - 2:592 "Q‘ng"}mze

O - ~2-5‘{Q+nnze+l8+a"e -"SQ'SqQ

O = 2592 4an0 — (84O + 32-592
fan B = - C18) £ JE€) 4 (2592) (3R 59

2(2»5q1)
= No veal sdihoms svce b ~lar < O -

11\6’)'\ —Hu& iS no Vhlke "-’f 9 (F« w\nl'c)\ Pqu.:ses ‘#)ma_al'\ GB, 30),

e

- |
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g A particle P is projected from a point O on a horizontal plane and moves frecly under gravity. lt§ lnl.llz)l
d : -1 . . - )
speed is ums ™ and its angle of projection is sin”™' (%) above the horizontal. At time 8 s after projection,

P is at the point A. At time 32 5 after projection, P is at the point B. The direction of motion of PatBis
perpendicular to its direction of motion at 4.

Find the value of u.

(7]

0-5i'(2)
snd = &
5

<

H
n
s
8
0n

@

&<
1\
3
®
3
(@b
+
N
(8\)
=
&
n
b
3
D
1
&
=
)
-
D
\
o'y

dona. = wsing - % “eos @
U @s @
At B) uesf
Vy = %Cose
Vy = wsind +(-3)@,2) = 4 sinf —328 . " using -324
fun B = usin 9 -32q
weosd

‘[e\odlda.’(A is fer[:ena'w\o‘f‘lb V3[°°+ﬁ ot 8, i-e Va A \IB.
= +un « K-‘-mﬁ = |-

'Th‘-'_s s becausé d—-P =90° :)—I-an(q(_.P):: +on o = tan B C o

1+ +Md+w;ﬁ

> '-&--Ian.:(.}mﬁ =0
+°'"‘£+wlﬁ =—-l
3 us\'ne—-gg 52 usi'ne—szé___ —
w cog® uesd

‘

9231/31/0/N/21
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rg)-g  HEE-
@) G
-4 u*

Crw 8C><°- 320 = :,g

-

164> - Gl - 256 AP = 2

N 3204 + R569C = O

Q - \50)1 =0

:.) w= 160
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g3 Aparticle is projected with speed 1 at an angle a above the horizontal from a point O on a horizontal
plane. The particle moves freely under gravity.

(a) Write down the horizontal and vertical components of the velocity of the particle at ime T .m;'r
projection. 2]

kbn’zm%al]d, Vy=ucosa-
Ver—}'i-:aﬂd-, \i.j zusnal —a’-l- "

At time T after projection, the direction of motion of the particle is perpendicular to the direction of
projection,

(b) Express Tin terms of u, ¢ and a. (2]
At dwe T, Hon B=_Yy =usi a:—-j’r.
Ve W oS ol
Simce at hme T, divechiom oS: mohon 1S F’J’fB’\AraJlaf o dicechon ‘; r‘j‘ﬂ‘h“)
+4on o& x —fan B =-I

inat | X Ueind-qT = —|
W oos

cos
u sinet —(sind) GT = —was?ar
USin? of pucog it = aT(sim:()
w=@8Tsna

T = u

as:nct

(¢) Deduce that T > f (1]

O< sma < |

N B |
Simel

o

—_— e > 0

asind 8
N

9231/32/0/N/21
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94

Particles P and Q are projected in the same vertical plane from a point O at the top of a cliff. The
height of the cliff exceeds 50 m. Both particles move freely under gravity. Particle P is projected with

35 - : . . : .
speed 5 ms” at an angle o above the horizontal, where tana = % Particle Q is projected with speed
ums~" at an angle S above the horizontal, where tan 8 = % Particle Q is projected one second after the

projection of particle P. The particles collide T's after the projection of particle Q.

(a) Write down expressions, in terms of 7, for the horizontal displacements of P and Q from O when

they collide and hence show that 4uT = 21 VS(T+1). ' (4]
Etﬂlgv"’--“ 4a.nd=j—
2 25 sind. . 5
P a T 2 \ lf'
: ¥ sind = &
¥ o '
2 :

qmls-___,_-__‘ 46\11 ? =‘Ji J-ST i
Q Tusin? ~ \' |
umsﬁ ' 61")}3: -"J?"— 2
: “P 3

i 8 e TP Ouf]
- (w | = €L X — X oo e JL B
’CQ'CQSQK J5 I5

At Foirﬁ- oj" colligion, xp = xg

2 5 T+I05 = _"_2_‘_{___:[:
J5

A(T+)E = T
3 beu T _2’213/5: (T'-rl)' @Hown)- -ﬁ(\)

9231/31/M/)/22



(b) Find the value of 7. (4]

- 7
Mw”a; dp =C3_55:6?04) (r+1) *i‘(—fj)(ﬂ'l) = %Eig.x(m)- _liO_(-r»r )
g = W (Tr1) 5 (1) =W~ (T | = 5T 4T+4

e (L) T-10 7= uT -5T

e dq'—@s"“P)T*i(ﬂ)' '(‘L Jf) PO
e NEI
Tooy o poitf ellions g =g 5 ~5Tr4T49= 2L ~ 5T

| 1l
Subshide @) 5 (l) 9 4[@_@]7 = 2 JE(T-s— I)
4(41—1.@7@‘ _—:al,ﬁ{(‘r—rl)

6T+ 36 = 2IT+2
5 =5T

= T::S

]

(F8)

(¢) Find the horizontal and vertical displacements of the paiﬁcles from O when they collide. [
T-323 % =l05(a+1)= 42 |
cnd gp = 1 (ar1)-6(@r1) " = - 24
i-e- L-:vffzorﬁxcz} dfsﬂwemer fﬂm ) J\m Fnr)\‘cl-_c, Coﬂl'J& =42 wm
verheol a\n'sp\G.Canm‘ fw\ O when parkicks clide = %k m.

9231/31/M/Ji22



95 A particle P is projected with speed 25 ms~" at an angle 6 above the horizontal from a point O on a
horizontal plane and moves freely under gravity. After 2s the speed of P is 15ms™".
(5]

(a) Find the value of sin6.

15mb
".‘:2 u:f' ’:T '“d ® - R
r Vi *

~

5 m
° m:zss:ne \
0. - -
Basd
At 122, Vg =25as6
V, = 4 +Q+
g - Jd
V(-j = stine + GID)@\)
Yy = 25 sin® — 20

ve A5 Jvzn+‘32. =I5
J @5605 6) 21' @55‘?19 —20)2——-"5‘
Osin6+'{°0= 225

£25 s> +625sin O ~ 100

€35 (s:nze +cas’6) _loosin@ = 225~ 100
—115

£as C\> — o000 Sin o =
—looD sin © = —8O

S{ne = —&0o°

—|000

S sinb =4
5

9231/33/M/)22



(b) Find the range of the flight.

Ra.nse

—
-

N

u* sin 20

d

P
%% g

10

€O

9231/33/M/).122
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96 A particle P is projected with speed Pms ™ at an angle 75° above the horizontal from a point O on a
horizontal plane. It then moves freely under gravity.

/
(a) Show that the total time of flight, in seconds, is %sin 752, (2]
VJ . OM/S
- —_
-~ *1_ N
s ~N
4 ’ A
ans e X
. \
0 kin 19 ‘

Veckall , VQSE\:J = U-d«-o-’f 5 O=Vsn5 +(=3)t
Ve 15" =gt D t = Vsin75°

d
Total Rme o} 7?4:31\1— - Qx (rﬁme Jaken fo reach maximum A&JH)
-9x Vsia15° = QUsih15° (SHM) ,

d d

A smooth vertical barrier is now inserted with its lower end on the plane at a distance 15m from O. The
particle is projected as before but now strikes the barrier, rebounds and returns to O. The coefficient of

restitution between the barrier and the particle is %

(b) Explain why the total time of flight is unchanged. ’_‘ [1]
- WL
—\ l .“.J’r ‘
vd T P =
- Y / ey

.- ? /

‘_/jud=‘1§41§° ’i'
0 Wx=Vees5® 0
Befee clligon A'ﬂer tlligion
The el fime. f fligt depends om e el component of veloady Dutrg He
colision He. eszortel compamert of veleify decrenies bt fle vebecty peld o e
borrier ie-ﬂevakcol ComP:n@+' ’D}? Velw‘ﬁ remauns unc)ﬂfg?—a -'ﬂu‘s eﬂ;a{f‘( ,j:jr-}- JQ
4he bene faka b amddes te manienum \,Q;JH is unc)onjeﬂ' ond so He Jotal Ame o

%ﬁH' yordins unc).maecl -

9231/31/0/N/22



(¢) Find an expression for Vin terms of g.

Mw%) Time faken to reach bowrier = Dickarce - 15 .
sf““' Vos 15

Mie ellision, hevizeatal Speec! = el = .g_ Voos 15 °

=) Time daken 4o rehm 4o O Jrown bamesr= Distance
Speed

Is + _3_5_.

Vas'75° Ves75°

1

Total $ime of fliht

QVsin15® = __.lLo-—:
3 Veos 15
Qv sia15'es®s” = 40

V*= 409

25015%s75 >

9231/31/0/N/22
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3 Ves15°
5

25

-
- s "

Vas15~



! at an angle of 6 above the horizontal from a point O on a
acements of P from O

97 A particle P is projected with speed wms "
horizontal plane and moves freely under gravity. The horizontal and vertical displ

at a subsequent time /s are denoted by xm and ym respectively.

(a) Show that the cquation of the trajectory is given by
o )
by =.\‘tanG—;)F(l +tan“@). (4]
-~ T~ -
e ) S
u HIS A: . \\
N usin® \\
—— 7/
Uesd
fovzentelly ) Sped = Distence | 5 wes®= = 3 t=_z_—-0)
+me = ues O

V&*Hca.”a, S= u{-t—é_dz = J :@Su‘n@)%-‘l-.i'_. C—ﬁ)fl .-_jd = (&sine)‘{' "_%\tl—}(:l)

Shshhde (1) i (): .
R )

ues O A
% tan® - 31*5&26
22
) (Skawn)- = (l)

ztanB — giﬁ (:++m29
Qu*

1"

C=c
1]

9231/32/0/N/22



In the subsequent motion P passes through the point with coordinates (30, 20).

(b) Given that one possible value oftan® is % find the other possible value oftan 6.

Shshide x730)y=20 I ():
00 = Boband — _10x 30" (14r0)

Qu?
20 = 304and — k500 (1t 4%19) —-3(|)
LLJL

Since one Foss“blc valie ,J-‘ fan@ s %,

.
2= ao(_‘_f_)— k500 (|4 (3
3 PN
'8
20 = 40 - 12590
u.l
12500 - 20
‘L‘J—
u* = €25
w = QS-MIS-
Sul:S‘\';',whﬂ w= 25m|s ™ CI): ;
B S ()
5+

20 = 30tan® - 1.2 (1+ 4,,,,26)
20 = 30%and ~7-2 ~T-24en™
7.24a?® —30¥n@+ 271 2= 0
Lek m=4an® D - 2m* - 30m +0-2=0
2(1-2)

m= 30X kel = —339_-:—‘[9_8__
-4 14 &

=) \n"ﬂ: 0+10:8 ar ™M= 30"(0'8
/4 -4 14 -4
m;.!j— oY m= _f(—_
& g
3 4 =11 o danb =X
6 3
- Oher possible vebee of fon = 11

9231/32/0/N/22
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At time ts, a particle P is projected with speed40m s~ at an angle @ above the horizontal from a
he greatest height achieved by P during

point O on a horizontal plane and moves [reely under gravity. T
its flight is Am and the corresponding time is T's.

98

(a) Obtain expressions for f/ and T in terms of 6. (2]
\Ie(«},'muﬁ, V.j = “\J +al 9 0= 1{051?9-& (—IO)T 5,_1‘;‘
0T =4Dsn B J°
T =4 i - T
and\ v{: ud1+24$ 30%= @OSRY)O)i-Q(—IC)(H) - . H .‘\
o} = oS0 lcOmI%‘T 40sind \
H =8 5020 40%sd
During the time between ¢ = Tand t = 3, P descends a distance J‘—H.
¢ [4]

(b) Find the value of 6.

2
V&r%canj) &=ut *i—aj}: X e ro--- -
1= 0+ £(G)(ET) e L o3

o
L

2
H = lo (3-T
26

H = 20(3“1_); .

SALSH'MMJ 1 =80 sin?0 and T= lheinO :
Zosin’® = 20 (—;‘»-[lsine)i
gosin*D =0 [‘l —~ QsinD+ Iés?n’“ej

80 cin2B = 180~ 4Qosin® +320si>0

O = 2osin*0-180sinb 130
O = 4s5ia*0 - 8smO + 3

Le-hm: snB 9 Zh—n"——gmol— 2 =0

b = Erm -2m+3=o
(@n-1)(am-3)=0
=) m:Ji or “"‘:% .
.n _ 3
sine’;_cll— shO = a
9=S"hA N No Ssluhong S""Cf)
,(A) _|sinp <
e‘: 30"

9231/31/M/)/23



(¢) Find the speed of P when = 3.

- Vo
~ - 7
" 't
) N
- \
" \

At £=3, V= 40as30°= 2043 mfs:
VU'"LCAuﬂ) ﬁ =l{d "I-Q.i'
= 40sin 30°+ G[O)é)

\/d = —0wm/s

__—_-__——_— .
5 v r gy = JGeB)rCe) = 0l = 3¢: [ m/s
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The points O and P are on a horizontal plane, a distance 8 m apart. A ball is thrown from O with speed

99
ums~" at an angle @ above the horizontal, where tan@ = % At the same instant, a model aircraft is
launched with speed 3 ms ™" parallel to the horizontal plane from a point 4m vertically above P. The
model aircraft moves in the same vertical planc as the ball and in the same horizontal direction as the
ball. The model aircraft moves horizontally with a constant speed of Sms™'. After T's, the ball and the
model aircraft collide.
(a) Find the value of T. (6]
P -7 - T ~ 9 = _&—
s = fan )
r ’ / N
7/ Srﬂ S ! 5
/ An‘rcaf’l'o—-'}--“""@ .
/ : /)
; .
e ol " 93-3_
Ba.u- - _,fP Sno = 5
0 ues -3 -
e-3L 8 — cs O = —gr
° i
_ 340
e bally %y = (1258) x T =5 R}
- 2 _ hl -8T
- (usi rL(-0)T = 21—
(h,@sn@)l 1( ) z
for aircratt) *A © 8+5T‘
G i 5@rsT) 5
B point of clision, =% 7 — a7
" T 2 s 5T ) (o
onO\ = ’—9 ITU:r -5T = =)ﬂ——=4+5T :—)&_——L———‘f—)(l)

Syshhde (1) i @):

Forsn) - #rsT)
Ey 4 0

32+20T = li+|5T2

O
O = 3T -4T—4

O = 3THET+IT-4
o =(3T+2) (-2)

= ISTI’QOT- =20

-~ o~ T =
s =
(Iawe)'
L T=2
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(b) Find the direction in which the ball is moving immediately before the collision.

T=2 3 Vglz_.%_‘}_.

VM = usm®+ (—\o)(-’l) = ushn@®-20
Sabs#—}w\w‘nd T=2 in (1):

w= 6!8’?‘57‘2) =15.

e Gk
=) VBtz.——L-S(S_::GIM/S' o
g / "8")/5
ng :|5(ﬁ|-5_)—-20 =-8m/s-

e = =B @= 4163 |
| | .
3 D.‘rt‘c’kd‘ﬂ QS: ba.u ;med;q% %&a"-’gm =Zrl~é
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I at an angle 6 above the horizontal from a point O on
avity. During its flight P passes through the point which is

100 A particle P is projected with speed ums”
ove the horizontal plane. It is given that

a horizontal plane and moves freely under gr
8 ' : . 3
a horizontal distance 3a from O and a vertical distance ga ab
=1
tan@ = 3.
(2]

(a) Show that u* = 8ag.

Y= ztanf -ﬁ}_’_s_ac_i_e = 7"+“"e _Jf('”qnié
.?uz Q%
) s ()
-

3 -
8

= a- 'OZL__ql
’8— 2u*
;50; = —\Ojﬁz

& Qu*

-10au?* = —SOaan

w* = 8% @}v«ﬂ")

A particle Q is projected with speed Vms~' at an angle a above the horizontal from O at the instant
when P is at its highest point. Particles P and Q both land at the same point on the horizontal plane at

the same time.

(b) Find Vin terms of @ and g. [7]
Vj =0
_0- L
w ' \“. o
o Lot A e

~l¢osle Q a Ve

for Py Vy = usin® + 9t For Q y Toral Hime °{ 'ﬁ"ﬂ‘ﬂ- =LE __usge '
= usr -at
O =usmb -§ Rmae of Q =Vasa x using, .

g

t = U-Sh‘le .
4
2 Tedal Fime ogﬂw,l’ =2t =Rusin@ |
3

%Rmae ot P= qc&exT:ﬂfoseKQ‘lS;ne
d
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Ruge of P = Rage o Q
uee® 1 usin® - yYpou x usin®
J d
24 2s® = Vasa ‘—)(‘)

Verkially Jor @, smwt+Lat® l
9

= (Vsin ___——“Si"e + L (- )(usin )
0= ié‘ﬂ@ [Vsind.—_g_(usine)J
d 2\ g
0 = Vsinat — usind
l .
usinfz Venal _9(_.'-1)
A

S‘V‘“““a (‘) ond (2) ond adol:nd= )l

_ @msd)a+ (\’9""0LZ= @uaose)a-r (E&Q

vF = hues?®+usin®®
m

=)v’=4um(’§_‘>§f_£i‘z
) % \Te
vie 2
o)
V‘.lii»ﬁ
8
Shebhde o= gnﬂ;-; VzJ'qu?
2 V=.|Qqad .

9231/31/0/N/23



101 Anparticle P is projected with speed « at an angle & above the horizontal from a point O on a horizontal

plane and moves freely under gravity. The horizontal and vertical displacements of P from O at a
subsequent time ¢ are denoted by v and y respectively.

(a) Derive the equation of the trajectory of P in the form

2
X
y =Xt (3]
i 2u°
../\ = - os ~ .
N - \ .
i e |8 N,

7
Wesa

Horzenkally, %= @ccsfx)t g ez = _50)
Vool g -fonede +LCo)t" - (et -347 ©)

Sashhte (1) i @): 2
g = @sine) ) 3 _L)

W esal A \U&s&

d = Z ":Q.ﬂﬂc "'_d___—— A
2u o5 e
3y =xtana - ,,jijﬁ_c_"‘

ut
During its flight, P must clear an obstacle of height #m that is at a horizontal distance of 32m from

the point of projection. When u = 40y2ms™", P just clears the obstacle. When u = 40ms™", P only
achieves 80% of the height required to clear the obstacle.

(b) Find the two possible values of /. [6]
= 4of7 u’ = 3200.

d=zhyz=32 . r\
= - 10(22) sectet b
5 h = 32+me - 0(E2) i
2% 8200
h = 32‘anat - |-Gsect et — (l) 32m
w= 4omls = 1600
§ =08kt =32 .
= o.gh—:sn-\nnat—l_(_)é_g)_s&;ﬁ o
2 x 1600 bowmls

0-8h= 39 4anct - 3.2 sec* et ——)(o.)
Sustde (1) i R):
08 (sakanat — 16 sec’c) = 3R Fonel - 3. 258
25.Cfane - [-28sectat = 3t ~3- Qs
| .92.cec et = &-4tancr
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Bsﬂcnﬂ.’. = |Otanat
3(i+tanre) = lotanat
34an* o —l0tana+ 3= 0

LE"[M:"}‘U\Q
3 32 ~lom+ 3=0

3m*=qQm-m+ 3 = 0

G r-3) -0

m=ly3
= tana =3—'13
| a:m"(é—) e '(3).
Sieklde a=r(4) i (1)
h= 32+4an [M‘@.)]—he secz[m"(-é-)] = %‘?_
Sdehhde cv=tor'(3) in (i) :
e
~ Posgible vales of h = ,872 780
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