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HSC 04
(6) (b)

A fire hose is at ground level on a horizontal plane. Water is projected from the
hose. The angle of projection, 6, is allowed to vary. The speed of the water as it
leaves the hose, v metres per second, remains constant. You may assume that if
the origin is taken to be the point of projection, the path of the water is given by
the parametric equations

X = vtcosh

y =vtsinf — —;—gtz

where g ms™ is the accelefation due to gravity. (Do NOT prove this.)
v2sin
(1) Show that the water returns to ground level at a distance ————— metres
from the point of projection. &
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This fire hose is now aimed at a 20 metre high thin wall from a point of
projection at ground level 40 metres from the base of the wall. It is known that
when the angle 6is 15°, the water just reaches the base of the wall.

- Wall

/8 ‘
0 m

i 40 !

20

(ii) Show that v*=80g.

(iii) Show that the cartesian equation of the path of the water is given by

x2sec? 6

=xtan6 -
y=xtan 60
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(iv) Show that the water juét clears the top of the wall if ‘ 2

tan’6— 4tan6+ 3 =0.

(v) Find all values of 6 for which the water hits the front of the wall. 2

Show that 8 =15° or 75°; hence 15° <8 < 45° or 72° <8 < 75°
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NOT TO
SCALE
S5m
o 60m _ X

An angler casts a fishing line so that the sinker is projected with a speed V' m 7t

ffom a point 5 metres above a flat sea. The angle of projection to the horizontal
is 6, as shown.
Assume that the equations of motion of the sinker are

=0 and y=-10,

referred to the coordinate axes shown.

(1) Let(x,y) be the position of the sinker at time ¢ seconds after the cast, and
before the sinker hits the water.

It is known that x = V¢ cosé.

Show that y=Visinf—5¢>+5.
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(i) Suppose the sinker hits the sea 60 metres away as shown in the diagram. 3
. : a3
Find the value of Vif 6 =tan 7
1510
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(iii) For the cast-described in part (ii), find the maximum height above
sea level that the sinker achieved.

2
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(4) (b) An aircraft flying horizontally at ¥ ms™ releases a bomb that hits 4
the ground 4000 m away, measured horizontally. The bomb hits
the ground at an angle of 45 to the vertical.

NN

Y

Assume that, 7 seconds after release, the position of the bomb is given by
x=Vt, y=-5

Find the speed V of the aircraft.

200 ms™ (to the nearest integer)
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(7) (a) A cricket ball leaves the bowler’s hand 2 metres above the ground
with a velocity of 30 ms™ at angle of 5° below the horizontal.
The equations of motion for the ball are

$=0 and j=-10.

o7

k2

§oud

Take the origin to be the point where the ball leaves the bowlet’s hand.

(1)

Using calculus, prove that the coordinates of the ball at time ¢ are given by

x = 30tcos(5°>, and y= —3Otsin<5°)—5t2 .
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(i)  Find the time at which the ball strikes the ground.

10.42 sec (to 2 d.p.)|

(iii)  Calculate the angle at which the ball strikes the ground.
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A particle is projected from the point (0, 1) at an angle of 45° with a velocity
of ¥ metres per second. The equations of motion of the particle are

¥=0 and y=-g

(i) Using calculus, derive the expressions for the position of the particle at
time 7. Hence show that the path of the particle is given by

2
y:1+x~g%2—.
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A volleyball player serves a ball with initial speed ¥ metres per second and angle of
projection 45°. At the moment the bottom of the ball is 1 metre above the ground and

its horizontal distance from the net is 9.3 metres. The ball just clears the net, which is 2.3m
high.

(1) Show that the initial speed of the ball is approximately 10.3 metres per second.
(Take g=9.8 ms™?)

(iii) What is the horizontal distance from the net to the point where the ball lands?
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0 e

A particle is projected horizontally from a point P, / metres above O,
with a velocity of ¥ metres per second.

The equations of motion of the particle are £ =0 and j = -g.

(i) Using calculus, show that the position of the particle at time ¢ is given by

x=Vt and y:h—%gtz.
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A canister containing a life raft is dropped from a plane to a stranded sailor.
The plane is traveling at a constant velocity of 216 km/hr, at a height of
120 metres above sea level, along a path that passes above the sailor.

(il) How long will the canister take to hit the water? (Take g =10 m/s*).

t=2\/gs

(iii) A current is causing the sailor to drift at a speed of 3.6 km/h in the direction as
the plane is travelling. The canister is dropped from the plane when the horizontal
distance from the plane to the sailor is D metres. What values can D take if the
canister lands at most 50 metres from the stranded sailor?

239m <D<339m
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(6) (b) A fire hose is at ground ] levelon a honzontal plane Water is prOJected fr‘

- ‘hose. The angle of pro;ectlon 9, is a]lowed o vary. The speed ¢ wa
... leaves the hose, ¥ meires per second TErains;co d
R .the origin is, taken o be the Pomt of pro;echon {
:: The pa;rametnc equatlons S o

.where g ms 1s the accelerahon due to gravny (Do NOT prov .th‘lS

sin2f - T
(1) Show that the water returns to ground level ata dlstance B ;n - metres - 2

rom the pomt of prj ectLon.

y=0: 0 =vtsin®~ 1%{1
t{vand- gtjt) :

illj‘t = Vsin O /
4 - 2Vsin®

‘},
L= vish

VL y
-’5 £ 95indLos

\/?s‘ml@ /vv\
)
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‘This ﬁIe hose is ‘now ed at’a 20metre gh thin wall from a pomt of ! 1f 2
ijechon at gromnd a IBV:Z;,{Ometres from the ba‘ ) f he w (1v) Show that the water Just clears tha top of.the:wa]l :
- when eanale 61315" ewaterjustreaches . . tzm7‘9 4tan9 +3_ s
) Y= 0 1 :LH)
Qg- Loton®d - lw So—50020
4oty - 10 Clante 1)
) . .
EE I L LOtane - \0tan® - 10 .
6D Showthat’=80s o 1 O¥nie - !
R £ T ‘LEL’”—L/ e - (-DJr{fu-/\%) 150 N 0
b s ch S - fnt® - Ydunp 3
Yo = —5(%% .
s B
50 :/,,) / _
2. B(Yj )
(i) vShow»t'hzit:the éartésian.équaﬁon of'theﬁath 'of'thé-ﬁat_éri‘s”gi;x;eh.by' FRRCET : .
v T T - S L ) Fmdallvaluesof6forwh1chthewaterh1tsThefrontofthewa]l o2
A xme_x ;?(;) ‘ o Gran® 3P0 T b6
‘— _,_3/ A Tt T A (+wa9 31%&“9-‘7 5 0 6 17
t = Viosh .
, | _ © b <) mntm /
s vton® - 7 gttt ‘ 0
Y= vise / By g
Nisin® g X S | : — .
V(0s © 1[ v Llosth o LRIV - MWL../UW\?—} :
= 1+0w\& - L’,L 96(,16 _ , ({f)W\) YO, Tk _
S - . -1600
0 = Ehigng ~ (oo 1)
T 1t B 113{(1@ (v’~> corant 60 / 1528 2% /
) 40 - Ly
IBZ e DU T2eb €76
:'KJ(W\SV LSQL . ' - wtanb + 1 =0 :
DTS T ‘Liil;L
v/

g'.'_'ll;o i

[Show that §=15" or 75; hence 15° <0 < 45 or 72° <6 < 75|
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shownmthedlagram 3 :

(11) Suppose the smker hlts the sea 60 meu‘es away '

=0 - D=V tsis —utt 45
Gt - viesind =9 -0

| | b (B T -/~D
! An angler casts aﬁshmg ]JIJB so‘that thes T 1S pro_]ected wn.h aspeed Vm'sv S : ) v 7 X fl -V
~. . fiom a point 5 metres above aﬂat sea. The angle of prOJecuon to the honzontal- SRR p0= VL oos B ¢

'-159asshown . L R

98125 ‘
R — -50 =0
.Assume that. tbe equauons of motlon of the smker are ‘ o
. ; 98128 /-
L i= O and y——lO» 1)‘0 = N 1 )
) referred to the coordmate axes. shown ' v = 12s
(@) Let(x ,y) be the posmon ofthe smker atUmetseconds after the cast,and 2 -
before the smker hits the- water. . - Lo N {5
: _Itls]mownthatx VtcosG : A "i:' R : V \ﬁ’/
Show that y Ve sin . 5t2+5 LR - 15y
A =
‘i VS n% xot J'Cf
O Y=vanld (=0
\1 = Vsing - 1ot /
Uz Viging - 5t 1
=0 y=5 . =9
- \ﬁ: VtsinD -5+t 45 .
15410
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: (4) (b) An aircraft flying horizontally at ¥ ms” releases a bomb that hits 4
the ground 4000 m away, measured horizontally. The bomb hits
the ground at an angle of 45° 1o the vertical.
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(i) For the cast.desciibed in pait (ii), find the maximum height aboveé "

. sealevel that the sinker achiev

A

R oo 5-

- \[—{g\h& —.r')_'tl 4 5_

5% qle 3 5 —’L@ t 5
z ———rl—— X —-2—6_ (T 20 -+
VA "™
- /g Assume that, ¢ seconds after release, the position of the bomb is given by
x=Vt, y=-5t.
Find the speed ¥ of the aircraft. ;
14000 . =Vt Y
s
A= LIV ) -

, | o . J;mw:%/
| W"‘“/ | =1 |

W bro(e), |

yooo

200 Wi !

<
»
t

<
3

15% m : . o :
’ |2OO ms” (to the nearest integer)J ]
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(7) (a) A cricket ball leaves the bowler’s hand 2 metres above the ground B 8
© with a velocity of 30 ms™ at'angle of 5° below the horizontal.
The equations of motion for the ball are

=0 and J=-10.

Take the origin to be the point where the ball leaves the Eowler’s hand.

@ Using calculus, prove that the coordinates of the ball at time 7 are given by

x= 30rco$ (5° ), and y= —30tsin(5° ) —5¢2.

1 3050 / | \ﬁ =_30sin» 70{.

1= gotesh 4 b Y = -3015inD S5ttt

7\101 t=0 ' \%—;O -JL:,O

M- 2@“103(5)/ Y= —SDJLSW) - htt

(i)  Find the time at which the ball strikes the ground.
I |
)= 0tsi(3) - gt

it otsinG) =/

B4 30t SinlB) " T =0 : .
~300ns 1] Ao0dnty - uE)

h 10
o042 o/ -0.99
£= 043/
(iti)  Calculate the angle at which the ball strikes the ground.
L = %0008 P 9:—303\?\5 —(OLO.qm)

= -30¢nk - y‘u

- g = HC\
) V) L ik
* T 30h

12° 51

i

b
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A parncle is prOJected from the pomt (0 1) at an anglc of 45° w1th a velocﬂy
of V' iiétres per second "The equanons of monon of the partlcle are

(1) Usmg calculus denve the expressmns for the posmon of the partlcle at
) ttme £ Hence show thai the path of the’ partlcle is glven by S

:J,’="1»+x__—_g%.vf =
7'L-:\760$‘-l-"3 ‘j - Veinus - gt
LY oy
< - Jt 1
'ﬂ.:_y_. oVt :
ey W m R
'{‘: ﬂ ——V— E?L _ﬂ_(ﬁi)l’tl
v U): &(’7) 2\/—-\; |
D ﬂZL‘L “+ ) .

Vv
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A volleyball player serves a ball with initial speed ¥ metres per second and angle of,
'prolectlon 439, At the moment the: bottom of the ball is 1 metre above'the ground and
its honzontal dlstance ﬁom the net is 9. 3 metres The bal] Just clears the net thch is 2. 3m

thé'}'aall is z:iﬁp.:rfé_xi':vné_tély 103 ‘:ni:é'tres"f)‘él_‘ sco

» (Ta.keg 9. 8 rns“’)

'\d—,i* |- jﬁ A= 9.5 ._\1—_7.; _ gj:;ﬁ)_,f
7329340 - q%———' (22)"
L v
9% (03 :
vt
vt o: 10899

Vo0, 29% wis
10 3ms™t ((3s0)

(iii) What is the horizontal distance from the net to the point where the ball lands?

g T
-0 oz A=+ U~ 2
‘ﬁ 10595
105 .99 =~ 0
AT
L= 9.5
ANNTC Y

= 1%

S YT S |
2.%/(20@

¥\)_
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o Aparhcle is pro;ected honzontaﬂy fmm a pomt P, h rnetres above O
w1th a velocxty of V metres per second. D

The equanons of motion- of the pamcle aret= O and y

: 'A(l) Usmg calculus show that the posmon of the par’ucle at txrne t is. glven by

31. V. g = -0t
Yoo
o/ | /
bVt ys - oy,

2

A canister containing a life raft is dropped from a plane to a stranded sailor.
The plane is traveling at a constant velocity of 216 km/hr, at a height of
120 metres above sea level, along a path that passes above the ‘sailor. .

(ii) How long will the canister take to hit the water? (Take g =10 m/s?).

Y= =ott + 120,

y: 0
/

WAt ziz0
—tl‘.?,l.f_ /
t 208 ¢

(iii) A currentis causing the sailor to drift at a speed of 3{6 kim/h in the direction as
the plane is travelling. The canister is dropped from the plafi€¢ when the horizontal
distance from the plane to the sailor is D metres. What values can D take if the
canister lands at most 50 metres from the stranded sailor?

Ubiew [hr o N

21b 000 wa [/ 300w /b
= vt o (%) —V
v = bovfe  —qff \
».= 18T w. /Y( = '

y

Lo 93que]D < 33y

60V\l\ D

239m <D<339m



