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A particle of mass m falls from rest under gravity and the resistance to its motion is
mkv*, where v is its speed and k is a positive constant. Which of the following is the
correct expression for square of the velocity where x is the distance fallen?

(A) v2=%(l—e_2k’)
® v =E(1e™)
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A rock is projected vertically upwards from ground level. ‘Assume air resistance is kv,
where v is the velocity of the rock and % is a positive constant. The rock falls back to
ground level under the influence of g, the acceleration due to gravity. Consider the
rock’s motion starting from maximum height. Let y be the displacement and ¢ be the
time elapsed after the rock has reached maximum height. Assume the rock has a unit
mass. Which of the following is the correct expression for velocity?

A v=4@ -

(B) v=§(e*’+1)

© v=5@ -
g

D) v= f(e*' +1)
. g -

A particle of mass m is moving in a straight line under the action of a force.
F= —(6 10x)

What of the following is an expression forits velocity in any position, if the particle
starts from rest at x=17?

(A) v= +_m
B) v=txf(3+10x—-7%")
© v=i;1€-\/i(—~§::10x—_7x2)
O) veix A 30T
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A parucle of mass m is projected vertically upwards with an initial velocity of
ums” in a medium i m which the reswtance to the motion is proportional to the square
of the velocity v ms™ of the particle or mkv?. Let x be the displacement in metres of the
particle above the point of projection, O, so that the equation of motion is

= —( g+ kvz) where g ms? is the acceleration due to gravity. Assume & = 10 and the

acceleration due to gravity is 10 ms?.,
‘Which of the following gives the correct expression for the time taken?

(A) t= %(tan" u —ktan'1 v)

(B) t= (tan" v—tan u)
©) r= i%(tan" u+tan™ v)
D) t= 1~16(‘[a.n'l v+tan! u)

A conical pendulum consists of a body P of mass m kg and a string of length / metres.
Point 4 is fixed and the body P rotates in a horizontal circle of radius » and centre O at
a constant angular velocity of @ radians per second. O4 is vertical and has a length of
h metres. The angle OAP is 6 radians. The body, P, is subject to a gravitational force
of mg newtons. The tension in the string is 7 newtons. Which of the following gives
the correct resolution of forces on P in the horizontal and vertical directions?

(A) Tsind—mg=0 and Tcosd = mra’
(B) Tsind+mg=0 and Tcosf=mro’
(C) Tcosf-—mg =0 and Tsin6 = mra*

(D) Tcos@+mg =0 and Tsinf = mra’

32




Year 12 Mathematics Extension 2

75 Two light inextensible strings are attached to a particle of mass m. The particle
describes a horizontal circle with constant angular velocity @ . Which of the following
gives the correct resolution of forces in the horizontal and vertical directions?

(A) Tsing—Tsin8=ma* and Tcosa—T cos ff =mg
B) Tsina+Tcos,B=rha)2r and Tsing —7T cos S =mg
(C) Tsina+Tsinf=mo’ and Tcosa—Tcos f=mg

(D) Tsina—Tcosf=ma’r and Tsina—T cos f=mg

76 A body of mass m kg is attached- by two light rods 4B and BC. Both rods are / metres
in length. Rod AB is hinged at point 4 and makes an angle & with the vertical shaft.
Rod BC is attached to a ring that can slide freely along the vertical shaft.

A
0 T
| >
] K
Cap

What are the tensions in the rods?
A T= (mgse09+ mla)z) and T, —%(mla)2 ~mgsec@)
® T —%(mgsin0+mlw2) and %(mlaf —mgsin@)
(®) T %(mgsec@—mlaf) and T, =%(mla)2 + mgsecﬁ)
©) 7 —%(mgsiné’—mlmz) an =%(mla)2 +mgsin49)
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Two light inextensible strings PO and QR each of length ] are attached to a particle of
mass m at (. The other ends P and R are fixed to two points in a vertical line such that
P is a distance / above R. The particle describes a horizontal circle with constant
angular velocity o.

P
!
li ¢ 0
r 8
l mg
Y
R

‘What is the tension in the strings?
(A) T=7(w +2g) and T,= (1w’ - )
B =—(lw -2g) and T, =—(lw +g)
(©) T =miw’-2g) and T, = m(lw +g)

D) T, =mw’+2g) and T, =m(Iw’ - g)

What is the angle at which a road must be banked so that a car may round a curve with
a radius of 200 metres at 100 km/h without sliding? Assume that the road is smooth.

(A) 2149° @) 22.49°
(C) 23.49° D) 24.49°

A conical pendulum consists of a body P of mass m kg and a string of length / metres.
A is fixed and the body P rotates in a horizontal circle of radius » and centre O at a
constant angular velocity of @ radians per second. OA is vertical and O4 = h metres.
The angle OAP is a. The body, P, is subject to a gravitational force of mg newtons.
The tension in the string is 7 newtons. What is the angular velocity?
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—2kx+c=log,

g—kvz‘

Initial conditions t=0,v=0and x=0 or c=log, g

~2kx =log,

1~£v2
g

1 Mark: A

tzéloge(kv—g)+c
Initial conditions t=0 and v="0
1 1
0==log (-g)+corc=—=lo
kogg( g)+co o8 &

71 ) .
t=—log (kv—g)~—1Io
7 g, (kv—g) 108, 8

= llogg (M
k g

it =log, (228
g

1 Mark: B
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When v=0 and x =1

1 -3 10

— 0 = () +

2 (12 1) ¢
c=-7

1, -3 .10

-V =(—5+—)-17

2v (x2 x)

v2=(:—26~+—2—0—)~14
x  x

_ —6+20x— 14x*

2

X

v:il\/2(—3+10x—7x2)
X

1 Mark: C

73

5é=—(g+kv2)
§é=~(10+10v2)
d
7j=—10(1+v2)
v
1+v?
tan'v=—10r+c¢

‘= -—-10dt

When £=0, v=u and c=tan"u

_ _ 1 g .
tan™ v =—10f +tan "' u ort:—(tanlu—tanlv)
10

1 Mark: A

174 .

Body moving in a horizontal circle.

Tcosf—mg =0 and T'sind = mro*

{ Mark: C’

75

The horizontal component is mra? .
Tsina +7Tsin g =mao’r

The vertical component is zero
Tcosa—Tcosff=mg

1 Mark: C

22




Year 12 Mathematics Extension 2

76

Resolving the forces vertically
Ticos@—-T,cos8~mg=0 1
Resolving the forces horizontally

T,sin@+7, sin0 = mro*
Now sinf):% orr =I[sin@

T, sin@+T,sin@=misinbow®  (2)
Simplifying Eqn (1)
T,-T, = mgsecd 3)
Simplifying Eqn (2)
T, +T, = mlo’ 0
Eqn (3) + Eqn (4)

2T, = mgsecH + mla’

Eqn (4) - Eqn (3)
2T, = mlw*® — mg secd

1
7 =%(mgsec9+mla)2) T, =E(mla)2~mgse

1 Mark: A

09)

71

Horizontal components

7, sin @ + T, sin @ = mrw?

Also sinf = %

7}£+Tz—r—=mrwZ
1t
T+, =mhw’ (1)

Vertical components

T, cos@=T,cosf+mg

Vi :
Also cosé)z/iz»;«

7l
2

Equations (1) + (2)

—Tz%=mg or T, =1, =2mg (2)
2T, = miw’ +2mg
T, = 2w +2¢)
2
Substitute %’—(lwz +2g) for 7} into equation (2}
%(lwz +2g)~T, =2mg
T, =~};1Zw2 +mg —2mg =%(sz -g)

Therefore 7, = %(sz +2g) and T, = %(sz )

1 Mark: A
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Consider the forces acting vertically and radially.

Ncos@=mg

Dividing these two equations
) .
tanf =2
rg
Now v =100 km/h

_ 100 x1000 s
3600

=ﬂ m/s
9

2
v
tan & = —

rg

(25%)2
~200x9.8
- 0.393675988

6 =2149

2

Nsiné’zln—v-

¥

1 Mark: A
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Body moving in a horizontal circle.
Tcosfd—-mg =0 and Tsinf = mro*
Dividing the two equations

Tsina _mro’

Tcosax  mg
2
tano =

fan o =

\
8
o

S} ew OQ‘
il il |
Slog oS N
% o9

1 Mark: A
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