NAME :

Centre of Excellence in Mathematics

S201 /414 GARDENERS RD. ROSEBERY 2018
www.cemtuition.com.au

YEAR 12 - MATHS EXT.2

REVIEW TOPIC (PAPER 1):
RESISTED & CIRCULAR

MOTION

Received on

Check corrections
on pages:

Completed on

Checked by

Tutor's Initials Dated on




CEM — Review — Motion 1

CSSA 2000

6.
A toy of mass #rkg Jas a parachute device atlached, It is released from restaf the
tap of a vertical clill 40 m high, During its [ufl, the forces seling are gravity and,
owing to the parachuls, a resistance fores of magndnde fﬁm‘r’ when the speed af

thie Lowy Es v myt. APter 2In2 seoonds, the perachute disintegrates, aird thern the
only fores acting an the toy is gravity. The acceleration due to geavity is taken oy
g=10ms™, Altime ¢ seconds, (he oy has falen o distance x metres from the
top of the cliff, and its spoed is v me™. '

(i} Show thal while the parschute is operating, 10 Fe 100— ¥, Henee show (het

. ‘g“"ll . gy
v.-.ia(;n'H}; and 1:—5!11{1—{1-5) ]

I&
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{ii) Bind the exact speed of the toy and the exact distance fallen just before the parachuie
digintegrales.
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{ifi) After the parachule disintegrates, find an expression fov X and wse integration to find
the speed of the toy just belore it reaches the base of the eliff, Give your engwer correct
b 2 aignifteant [igures.
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6.

Anobject of mass m kg s dropped from rest from the top of s il 40 m sbove
L voitter, Before the object reaches the water, the resistance to i molion hay

magnitude Jimv when the chject has speed v ma ™. After the abject enters the

water, the resistance 10 its motion has magpitude Jgmv’ . Take g=10ms ™,

{a) (3 Wit an expression for ¥ before the object enters the water, where X melres i3
the distance the object las fallen in ¢ seconds,

R v 1w . . , .
{11} Shoaw m-i; = ——— , andl show (hat the speed of the olyject as it enters the
il v '

. e ¥ ¥
wateris Vma™ where ¥ satisfies I t (‘E_T j +0.04 = 0,




CEM — Review — Motion 1

{iti} Shoaw this equation ws a solution for ¥ belween 20 and 30, and taking 25 o
a {irst approximation, sse Newton's Method to show that V=257 o ose
doetmid place,
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(b €Iy Wrile on expression for ¥ after lhe ohject enters the water, Dedues the olbject slows
on entry o the wirder, ad find itg terminal velocity in the watsr,

. . \ e . .
{iiy Show thet ¢ seconds after entering the water 1@7; = 100 —v*, and the velocity
p

) w108V - 10 - .
of the object is given by 24= 3“{%” 3_{);;‘;%1”;} , where V' is the velocity

vms "

onenlry to the water caloulated in (a),

{iil} How %Emg alter it enters the water wibl the brdy sbowe to 105% of it4 terminal velocity ?
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4.

(b)

A particle P is attached to one end of a string of length / metres and moves

in a horizontal circle of radius a and centre C at w radians per second

where @ = 60, The other end of the string is attached at point O which

is vertically above point C. The angle COP is @, the tension in the string

is T'newtons and the particle is subject to a gravitational force of mg newtons.
When the particle is moving at 30 revolutions per second,

the height of O above C is h metres.

@  Showthat h=-5- .
a
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(i)  Ifthe particle starts to move at 60 revolutions per second, find the
height, A, of O above C in terms of A.
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6.

(b} A particle of mass 4kg is projected vertically upwards from & platborm
attached to the side of & vity tkyscraper with an initlal speed of 10 metres
per seeond, ’
The particle is subjected 1o a downwards gravitstional foree of 40 newtons

7

arsd air resistance of m nevwions in the opposile direction 1o the

veloeity, v, metres per second, The height of the particle st time ¢ scconds {3 ¥ metres,
{1} Explain why the equation of motion of the particle, wmil it reaches i

T
its mexiroum helght, s given by e <10~ T

et 4

. )
(i} Giventhat v' = Eﬂ{ll Se¥ g ]ﬁ ¢ =( until the particle reaches i

its maximom Beight, find the maximum heighe
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(i) What was the speed af the perticle as it retumed 1o the platform?
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(v} If the platform were to be removed by the time the particle
returned to ity point of projection, find the terminal velocity of the particls.
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(v} How long did it take the particle to fill from itz maximuom
height 1o the position where the platform had heen?
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INDEPENDENT 2001
6.
it
o
|6
i
7l

H F
B A A s

One end of a light inextensibile string of lengih [ isattached to a fixed point 0 which is
at# height i—i above a smooth horizondal fable. A parficle P of mass m g altached to

the otker end of the siring and rests on the table with the string tsut, The particle is pre ectend
s thet 1l moves ina circle on the table with constant speed v.

{i) Copy the dizgram. Show the forces acling on the particle P. t

S . , , ; . lGmw?
(it} Show that the tension in the strisg has magnitude 7= e 2

15!
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(i1} Sheww Bl the reaction & exerled by the table on P hos magnitude R= m( J

‘ [T55]
(iv) Hence show that v < _T;S, . Extpluin what would happen at a higher spoed.

Ayl
151)"
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6.
Aeomtuiner ty 6illed with lguid A of height 0.3 m on top-of Tigubd 1 of height .3 m.

A steel ball of musg 10 grems is released from rest at the top of Hyuld A

It Falls esperiensing e resistive force in Hguid A of 0.04v2 Nevdons and u sesistive forco
0P 008% Mewtors in liguid I3 where v i3 he welocity {mys ) of the steel Dal I .

Asguring that ne mizing of the liquids ocours, and the acceleration

dua o gravity is 10 m/5@ then

(1) ahowy st tha veloeily of e stenl ball when it posses ffom
Tiguid A to Higid B ix 1,51 m/s.

(i) show that the final velocity of the sieel ball sxlsfies S
eguation; vob 2 2=v) +142 =28

A
 Liquid |1,
A
Liqusicd § |
jx] 0,3 31
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(it} show thet the final velocity i spprosimeately 1.80 mfs

S

(iv)  find the total time to reach the bottem uf lguid &,
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SOLUTIONS

CSSA 2000 Q6

mestion 6

1 While pamr«hui{: i opcmhm:

Foreey rmmu canditions
e R LB {’ﬁﬂ,,
Lug : ST
direction rL m v v
) Equation af motion
mg mi=mg-dmy®
x
o ¥=10- '7—5 vt
¥ 10X = 100—v?

ofind x interms of v

ra'( ‘] T 100 -v?
—é— x=in {{J{}IJ - v’}ﬁ } . Boonstant

g

p_a} = {1008 )=0 = B=yk

wkx=ln {T&jl{lﬂﬂ - vi}}

x.d-*zln[l—{m)j

<) Pavachule disintegrates when ¢ =2 2
et -1
w=10 {T._]
g7 4l

- 271 .
1=21nd = v“m(m H) %l

== q‘l“{ (%) }
y

—22 = x=-§ tn{l %}l}aiﬂln%}i

Just baf DIL parachute disintsgrles, bpu,[i i
12 ms™, and distance falienis 1004

Tt

Talind v infermsol ¢

lﬂﬂml&)dv
dt
1odt 1
Wdv (104¥)(10= )
et 1 1

O P S
dv {104v)  {I-v)

It= [,1{&2 A} . A cosistant,
10 J

f= 0
a = InAd=0 s As]

—v
w 104w
P

S

1~y
e (10 —v)=10+v

10 (3" —1:|=v {e“% 1)

ir
gt -1

v 11—
(e“ 4‘1}

(i1} After parschute disint&gmtns, =10,

v

ri=20x4 ¢ , © constapt

¥4

U s A 1
e ) <2 e
B

=

v? u(i) =20 x 200 m 4t
x=40 = 1_{1]%@) +800~ 200 Int}

¥ =20-96
At base of cliff, speed is 27ms™ (1o 2 sigfig).
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CSSA 2001 Q6
(a)
iy
voee.or ahie : =ﬁ
Forceron obfert =G
T H v=0
Al ¥
m.‘ﬁ:lﬁm-fﬁmv isll=

{iii}

it Let A=y . f(D)=A+m{i<A)+0. 04
conditons F0-2)20.0250  #(0-3) m 002 <0

and f {A) isa continwous Function, Hence
.V SiAF=0 hasasolution for 1 between
direciion 0.2 and -3, and ** has a solution for ¥

between 20 and 30, Using Kewton's Method
=y witha first approximation 4 =0-25 (¥ = 25)

HAL= A4 o{I-A)e0.04

iy dr 100 =y
W IF=sv—mil-Lty = N2 s ,
i o %‘ ¥ _f”(al)—-.’[ . = A
o —v=+=~)‘.(h‘} -4 1-a
0 dy  100-v 100-v fA) v aglf 1o 2
ot = (i A+ 004 (-—-)
—fx = v + 10 a (I ~v) +¢, ¢ constant F(a} { (-4 } -4
t=l r=0v=0 =5 c=—100 InTO0 = fe] — [1"'3'}{'“’{1‘“3*}*‘0"04
~fx =y + 100 {i- ) | A
:Fch L, T4=VHI0in(i- k) a - LBy B0 - 2ro-0df
veV[ T w00a= ¢ m1-4%) FG) 4
. Specd VPms™ just before entering water satisfles 1 H’L;&{hi 1 A+ 0 {M}
w5t nfi-gg) + 004 =0 oo 0:25 | 1+3 (im0 75 & 0.04) =0.257
0-257 [ 11 828 (in0-743 + 0. Mj =0-257 |
Hence A =0.257T= V=257 tone decimal place.
(b)
Answer

(i) After entering the water,

Cog t=0
Forces on object =0
Fmv? y=V
10m x
ml*c':lOm--ll(-)-mv" o x=10 -

£=10-4V*<0 and ¥=V>

Hence object slows on entry to the water,

>0 a v—10

Hence terminal velocity in the wateris 10 ms™.

)

(iil) v=105% of 10 = v=10-5

Initial .y &
conditions (i) &= T 10-%v* = 10 = =100—y?
Loa 1

S tvex 10° dv ~ (10+v)(10-v)
direction )
L1 1
6V’ 20 |(10+v) ~ (10-v)
a1 1
. dv. (v+10)  (v-10)
2t=In (v+1O)A , A constant
(v=10)
1=07.
}=, 10, L 419
v=v]  (v-10) (V+10)
2=l (v+10)(V-10)
(v-10) V+10)
(20-5) (15-7)
and 2t = 1n {=1.4.
{(os) Gy = b4

Hence particle slows to 105% of its terminal velocity 1-4 seconds after entering the water.



CEM — Review — Motion 1

19

HEFFERNAN 2002 O4

B (i}

(i)

By resolving forces we obtaln

Teosdl = mg {wertical)
{radial} fﬁ,
{1 mark)
Tsind _ mae’ ool
Teosd i

Ed . ”'|
T sin @ = e’

Maw
[ -

tané = — - =
& ;T
Mo, From, e diagram, i

) X N ]
we have lapid = e, (1 miark) 15 !
i a -

ergy”

S mm gm

&0,

ol B
il
e
1
e

B
[
a5 reguined.

b=y
I
(%3

{1 mark}

When w=30rpy

{1 mark)
Let B, be the height of O above © when  w = 607ps
(2 60}
=—£
14400x*
. S
45 36007

S0k = »Ej: %M {1 mark)
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HEFFERNAN 2002 Q6

®)

(i)

(i}

(it}

Take the crigin to be that part on the
platforem fhomn which the particle is
projected. The downward forces acting
an the particle are the gravitational and (
platform

alr resistance forces. Taking the positive
ditection as upwands, and wsing the
equation of mation, F = mawe chiwn

f A2
—l; A%+ 1——} =4 where ¥ is vertical
10

arceleration,
2

So, ¥= '—]I}w"};E ay reguired. (1 mark}

The maxirmun height 15 reached when v= 0.

- CF !

Mow, ¥ =1L’JHL5£2’;‘ -—4}
2

= b

booomes 0= wn[ae |
& J

oo
. I o B .
5o the maximum height reached 15 20 lnl 3 ' melres.
w - .r"

W need ta consider the dovwrwand part
of the particle’s journey. Taking its
maximurn heighi as the origin, the
downward direetion a3 positive, and using
the equation of motion F = ma.

ol
we have 40 -% = 4 where § is

muaex. eight

L

the vertical sccelemation.
3

Sa, = mw% {1 mark)

{1 mark)

Y-
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v
Mow, given that J =»—
# d oy

Cy

We have,

31 2
LA R
d"}v 40
de 10 v
v w40
400 = v
40w
@ _ 4
dv 40D -y
J‘:Ed’vﬂ 40| 4 T v
v 0 -2
lde
B IS lotu = 400"
= 20 [u" e e gy
p=—200n(400 < v? J+ o @
) = 20 e 400 4
When r=0,¥=0D . i
o= 2in 400
p = =20 {308 —* 4+ 201n 400
400 )
L a0 —v? )
i1 mark)

From part (il}, the particle returns to the platform when it has travelled

El;‘l]n.%:%j metres, So, whean y = 20 Iu[é—]

'-.;4.;41'
— C .
Wz haye Eﬂ!n[i *ziﬂm[—:l&zJ
4 A o g
400
S0, 2

4 4007
5(400 - v') = 1600
2000 - 51t = 160
v =80
V= 4_-1.."—85
So, the particle is travelling at a speed of 45 metres per second when it

returms to the platform sines for this portion of the joumey we have designated
the dovwmwards direction as positive. {1 mark)}
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(iv}  We need an expression for velocity as a function of time, Looking at the
mation of the particle from when it reached ita maximum height, we have,

from part (i)
1
T
IECN [ F,
¥ 0
Now, 9%, 400-v7
g AU
dr -
Mow, - 40‘ - = 4(] p
400 -v* - (20-v§20+v]
Lt = 4U = A . 5
uﬂ - VREU * 1") v 2+ w

A2l vl Bl20—v)
v+
True iff 40 = A(20+v)+ B20 - v}
Put v =20, 40 =408, Bl
Put we= 20, 40 =404, A=l

. 40 | |
Sk - T = +
A=t 2W=v 204w
- a 1 + | 1 mnrk)
0, RaLi i | mark
dv  Wer v { :
et 1, ¢ 1
—du = [ s | i
av T iRyt g
¢ = =120 -v)+ {20+ v] 4 ¢
Whenf=0,v=0 Qe ln20+n20+e
=inl+e
w={
s
S0 i‘?:lnzjf?
Hp—w
SE’ ,ﬁ-‘l ~~£—j«£
! W=v

20" —ve’ =204 v
m vt = 20 - 20"
v{s - l}a e’ =30
L2’ 20

& +1 l
o1
= M & ] )sg =]

g+ o ]
; " 0 ‘ ,
5, ¥ = Z[f 1o ﬂ:l! (1 mrark) =32
Loe s
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=

As, =¥, —+1

gl

o, v — 20 from below,
So the terminal speed of the particle is 20 metres per second,
{1 maavk)
(v} For that part of the partiele’s journey where it is falling downwards, we have
2+ v

Froom part (i) Ehat 1§ o ) e
part (iv) Py

From part (iii} the speed of the particle when it returned to the platform was
45 metres per seeond,
Sowhen » = 445 . (sinec we assume that downwards is positive).
L 205
=lh————==
20~ 4x'3
={1.% seoonds {correed to 2 decimal places.)
{1 mark)

INDEPENDENT 2001 Q6
Answer
{iy

Forceson I Resultant force on P

duery mngaiinde
5 vt
4 I [
I

.M r Y
SELELLILI LSS S A7

and ix divected havizontally
towards ihe centre of the
eircle of motion.

s 6, =+, sin{}:@, = lsing

by
(i) Horizontal component of resultant  (iif) Vertics! component of resultant — (iv) Parlicle in conlaol with
2
) ; e L . o
foree on P has magnitude — folce on P s zero. table provided K20
et , A . L
Tsing = - Torl - Remg 15 p
3 d 6yt R 1 ' Particle would [t off talde
ep e i o e = — ]
Tem——— = .iﬂv Ve ¢ for kigher speeds.
lein’ @ L5
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JAMES RUSE 2000 Q6

Loey -

1

m’;{ "3 M»q—r‘{ﬁ

ﬁ& g
E R

o = g o e Cndt

10K " 1oy - o pay?

v ALt
. - A il o}
Wy £ . Y apd
~ N % 53 Oy
‘?LJ' R . )
s N . = A
g- Fui . N“E'Tg‘u Lra 3 %Y
Hrge 3
: =i — Sty
o j = I% Tt A G bt . s e e r e s et
W ) ; ‘
Moe et I_ i (\_33%—».@& QDE}%-‘@‘\\]} At
b,ﬂ’h_;;_ 1, SNradm )
P e
g - e ptFe [ T (J '-""\}1‘ e ‘:.'
’ € T e, VIO ¥4 -
- ; i e ae @+ e
1 T ¥ h‘-h: d 3 L i
Chmigyh | IRy ]m - "5‘3”11;{2 . S
— """"}U"\' *x i -ll'J i
D . . Pom T A=
. - kol LA ) l (R t_“yi':&,“ﬁl o
\ § i
booodd v o cea
. ‘g.. h
Laoy = Dupa TS
T - .
— Lewad ©- Gog, L -
a 1o - s,
% v 1. B3I
3 @Qﬂr ]
o Yrooaad,




