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QATs VCE Specialist Mathematics Practice Examination 2, Units 3 and 4

SECTION 1

Instructions for Section 1

Answer all questions in pencil on the answer sheet provided for multiple-choice questions.
Choose the response that is correct for the question.

A correct answer scores 1, an incorrect answer scores 0.

Marks will not be deducted for incorrect answers.

No marks will be given if more than one answer is completed for any question.
Take the acceleration due to gravity to have magnitude g m/s?, where g = 9.8.

Question 1

The graph with equation y = m has asymptotes given by

3
A x=—1,x=§
3
B x=1,x=—§
C. x——1,x=%,y=0
D x=1,x=—;,y=0
3

©2013 Ser2SME2

Published by QATs. Permission for copying in purchasing school only. 3



QATs VCE Specialist Mathematics Practice Examination 2, Units 3 and 4

Question 2

A rectangle is drawn with corners at (4,7), (—2,7), (—2,—1), (4, —1).
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A hyperbola is drawn outside the box so that its vertices touch the box at the midpoints of the vertical
sides as shown in the diagram above. The equation of the hyperbola could be

A ﬁ_y_2:1
9 16
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QATs VCE Specialist Mathematics

Question 3

The graph of y = f(x) is shown below.

Practice Examination 2, Units 3 and 4

All of the axes below have the same scale as the axes in the diagram above.

The graph of y = L

is best represented by
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QATs VCE Specialist Mathematics Practice Examination 2, Units 3 and 4

Question 4
The domain and range of the function with rule f(x) = 2 arcsin(2x + 1) —  are respectively

A. R,[-27,0]
B. R,(—2m,0)
C. (~1,0),(-2m,0)
D. [-1,0],[-27,0]

E. [-1,0],[-m, m]

Question 5
If z=—=cis(— —) then (2)~11 is equal to

T
A 1 (1117'[)
. CIS
3242 3
i11
B. 32v2cis (T”)

C. 32\/_c1s< %T)
D. —c1s( )

E. 32v2cis (g)

Question 6
For any complex number z, the location on an Argand diagram of the complex number u = i2Z can be
found by

A. reflecting zinRe(z) =0

B. reflecting z in Im(z) = 0 and then reflecting in Re(z) = 0

C. rotating z through 7 in an anticlockwise direction about the origin

D. reflecting z in Re(z) = 0 and then rotating anticlockwise through  about the origin

E. reflecting z in Im(z) = 0.

©2013 Ser2SME2
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QATs VCE Specialist Mathematics Practice Examination 2, Units 3 and 4

Question 7

The set of points in the complex plane defined by (z — 2i)(Z + 2i) = 2 corresponds to
A. the point given by z = 2

B. theline Re(z) =2

C. the circle with centre 2i and radius 2

D. the circle with centre 2i and radius 4

E. the circle with centre 2i and radius v2.

Question 8

If z € C with Re(z) # 0,Im(z) # 0, which of the following does not represent a real number?

A. z? —2Re(2)Im(2)i

z
B. =

Z
C. Vzz
D. Z—-2)(z—2)
E. arg(2)
Question 9

% = arctan(bx), y(a) = c, and you may assume that a = 0,b > 0, h > 0. If a single step of Euler’s

method is used to approximate y(a + h), then

A. y(a+ h) = arctan(bx) + hb sec?(bx) but is an overestimate of the true value of y(a + h)
B. y(a+ h) =~ arctan(bx) + hb sec?(bx) but is an underestimate of the true value of y(a + h)
C. y(a+ h) =c + harctan(ab) but is an overestimate of the true value of y(a + h)

D. y(a+ h) =c + harctan(ab) but is an underestimate of the true value of y(a + h)

E. y(a+h) = arctan(a) + h/(1 + a?b?) but is an underestimate of the true value of y(a + h).
©2013 Ser2SME2
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Question 10
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QATs VCE Specialist Mathematics Practice Examination 2, Units 3 and 4

Question 11
dzy _ 2 ﬂ _ _ .
If i A and = 0 at x = 0, then the graph of y will have

A. alocal maximumatx =0

B. alocal minimum at x = —1 and a local maximumat x = 0

C. stationary points of inflection at x = —1 and x = 0, and a local maximum at x = —%
a stationary point of inflection at x = 0, no other points of inflection and a local minimum at
D. Xy = _%
non-stationary and stationary points of inflection at x = —1 and x = 0 respectively, and a local
E. maximum at x = —%.
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Question 12
y
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The shaded region above, is symmetric about x = % The upper curve has equation y = f(x) and the
lower curve has equation y = g(x). The volume, V, of the solid of revolution formed by rotating the

shaded region about the line y = 1 is

A V= nf (f(x) - g(x))zdx
0 ,
B. V= nf (f(x))2 —(g(x)) dx
0

C. v=on f 2900 - F) (2 - f() — g(0))dx
0

D v =2 [ () - g@)(2 - () - g()ax
0

E. V=21 f 20— F0)2 - (1 - g())?dx
0
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Question 13

I = [#tan*(x) sec*(x) dx. Using the substitution u = tan (x), I is equal to
Vs

A = f4u4(1 + u?)dx
01

B. I =f u*(1+ u?)du
OE

C. 1= f4u4(1 + u?)%du
01

D. I=f u*(1 +u?)?%du
0

1
E. sz u?(1 +u?)?du
0

Question 14

v = — -1 @ _
y — 2xy* = —1. When x 1,dx

1
A. —onl
6ony
2
B. —— onl
3071}/
1 2
C. gOT-g
1
D. —=
6
E 2
3
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Question 15

If vector a = 2mi + 4j — 2Kk is in the same direction as vector b = 2i + mj — k, but has length 6 units,
then

A m=2

B m=-2
C. m=4%2
D. m=-3i
E.. m=-1
Question 16

Point P, A and @ in the diagram below, have position vectors p, a and q respectively, relative to the origin
0.

If point Q is obtained by reflecting point P in the dashed line 04, then q is equal to

p-a

A. a—ﬁp
‘a
B p_%a
C Z%p—a
-a
D Z%a—p
1

E. a-@+p)
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Question 17

Point P and Q in the diagram below, have position vectors p and q respectively, relative to the origin O.
In this diagram 6 is the angle between p and q.

P
&
)

Then cos(8) is equal to
A p-p+q-q—(2p—q)-(p—q)
5 p-P+q-q—(q—p) (q—p)
' VICE DICE)
c p-P+q-q—(q—p) (q—p)

2(p-p)a-q)
5 p-pP+q q—(q—p) (q—p)

2y@-p)a-q
e p'p+q-q+(q—p)-(@—p)
' 2y(-p)Q-q
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QATs VCE Specialist Mathematics

Question 18

with respect to the origin is shown below.

Practice Examination 2, Units 3 and 4

The velocity—time graph for the first 2 seconds of the motion of a particle that is moving in a straight line

The particle’s velocity v is measured in m/s. Initially the particle is a m from the origin.
The displacement of the particle in the first 2 seconds of its motion is given by

3

E 2
A. a+fvdt—fvdt
0 5

3 2
2
B. a—Jvdt+Jvdt
3
0 2
2
C. a+J|v|dt
0
2
D. a+fvdt
0
2
E. jvdt
0
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QATs VCE Specialist Mathematics Practice Examination 2, Units 3 and 4

Question 19

A body is moving in a straight line with acceleration proportional to its velocity. The acceleration is
2 ms~2, when the velocity is v = —1 ms™?. Given that v = —1 when t = 2, the equation for v in terms
of tis

A v=-—et?
B. v=e*?%
C. v=—e?™*
D. v=—2e!?
E. v=—e?
Question 20

A particle of mass 2 kg is acted on by a variable force, so that the rate of change of its velocity v with
respect to x is inversely proportional its velocity (ie. % x %). When the velocity is 2 ms™1, % =2s71,
The force acting on the particle, in newtons, is

A. 1newton
B. 2 newton
C. 4newton
D. 8newton

E. 16 newton

©2013 Ser2SME2

Published by QATs. Permission for copying in purchasing school only. 15
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Question 21

Particles A, of mass 2.0 kg, and B, of mass 1.0 kg, are attached to the ends of a light inextensible string.
Each particle is 0.5 m above the ground level. The string passes over a smooth pulley, and the system is
released from rest. Neglecting all resistance to motion, find the speed of particle A at the instant it reaches
ground level.

A. % ms~1

B. % ms~1
2

C _?g ms~ !
29

D 49 1
3 ms
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QATs VCE Specialist Mathematics Practice Examination 2, Units 3 and 4

Question 22

Constant coplanar forces of magnitudes 50 N, 80 N and 70 N act at O on a point mass of 10 kg, in the
directions shown in the diagram below. The angle 8 is such that sin 8 = gand cosf = % In terms of the
standard unit vectors, i and j along the x —axis and y —axis respectively, the acceleration, a, of the point
mass is

.:I'I
[}
|

70 newton
80 newfon -
0
30 newton

A. a=110i+ 30j

B. a=100i+ 40j

C. a=40i+100j

D. a=11i+3j

E. a=10i+4j

©2013 Ser2SME2
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QATs VCE Specialist Mathematics Practice Examination 2, Units 3 and 4

SECTION 2

Instructions for Section 2

Answer all questions in the spaces provided.

Unless otherwise specified an exact answer is required to a question.

In questions where more than one mark is available, appropriate working must be shown.
Unless otherwise indicated, the diagrams in this book are not drawn to scale.

Take the acceleration due to gravity to have magnitude g m/s?, where g = 9.8.

Question 1

a. Given that sin (130) = i(—l ++/5) show that cos (1—”0) = g +

* |G

2 marks

b. i. Express in polar formw = E+ ? + i%(—l +/5)

ii. Write down w3 in polar form.

1+ 1=2marks

©2013 Ser2SME2
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QATs VCE Specialist Mathematics

On the Argand diagram below, shade the region defined by

C.

{z: Arg(w) < Arg(2) < Arg(w3)}nby {z:2 < |z| < 4}
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2 marks

d. Find the area of the shaded region in part c.

1 mark
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QATs VCE Specialist Mathematics Practice Examination 2, Units 3 and 4

e. i. Find the value(s) of n such that Im(w™) = 0,where w = E + ‘/g + i%(—l ++/5)

ii. Find w™ for the value(s) of n found in part i.

3+ 1=4marks

©2013 Ser2SME2
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Question 2

An aircraft of mass 40,000 kg attempts an emergency landing on a runway of length 1 km. The aircraft
touches down on the runway at point A (100 m from the start of the runway) and the pilot immediately
applies a uniform deceleration of a ms™2 using the wheel brakes. Two points further along the runway
are B, C, where the distances AB and BC are 95 m and 160 m respectively. The speed of the aircraft at
touchdown is v, ms~1. The aircraft takes 1 s to cover the distance AB and 2 s to cover the distance BC.

a. Find the speed vy of the aircraft at point B in terms of a and v,.

1 mark
b. Hence, find the value of a and u.
2 marks
c. Find the speed v at point C.
1 mark

At point C, the pilot releases the wheel brakes but applies a reverse thrust of the jet engines of magnitude
F(t) = 1600 v2(t) + 1600 newton, until the aircraft comes to rest at point D. In this equation, v is the
velocity t seconds after passing point C.

©2013 Ser2SME2
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25
v(t)2+1

d. Show thatE =—
dv

1 mark

e. Use a definite integral to determine the duration of reverse thrust required to bring the plane to rest.

2 marks

f.  Hence, show that v(t) = tan (% (—t + 25 arctan(70))

2 marks

g. Evaluate a definite integral to find the distance of point D from the start of the runway. (Express
answer correct to nearest metre)

2 marks

©2013 Ser2SME2
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Question 3

A farmer fabricates a cylindrical water tank with a conical bottom to provide water to a cattle trough. The
cylinder is of diameter 6 m and height 3 m, and sits atop an inverted cone with diameter 6 m and height

3 m (see diagram below). Water is pumped into the top of the tank at a constant rate % m3 /hour and
flows out of a small hole at the bottom of the tank at any time ¢ hours at a rate ( Q,,; m3/hour).

V Qo

The volume, V m3, of water in the tank when the height, A m, of water above the bottom is given by
the hybrid function

mh3
V(h) — T h € [0,3]

9n(h—2) he€E]J3,6]

a. Hence, find the hybrid formula for % as a function of %

2 marks

©2013 Ser2SME2
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Q,u: 15 proportional to the square root of the height, h m, of water above the bottom. Attime t = 0, the
depth of water is 4m and the rate at which the water flows out is % m3 /hour.

b. Explain how the information given above leads to the differential equation % = %ﬁ
3 marks
. . _ _ 2 - 1
c. Use the substitution h = (1 — u)“ to find f—l_ﬁ dh.
2 marks
©2013 Ser2SME2
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d. Hence, write down a definite integral for the time needed for the water depth to decrease from 4 m

to 3 m.

1 mark
e. Use calculus to evaluate the integral expression found in part e.
2 marks
. dh _ 1-vVh
f.  Assuming h € [0,3], show thatE = To0 12
2 marks
g. Findlim,_ . h(t).
1 mark
©2013 Ser2SME2
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Question 4

An object of mass m kg is dropped from rest at a great height in a constant gravitational field of size
g m/s?. An air resistance of magnitude kv? newtons acts on the object, where v m/s is the speed of the
object after it has fallen x m.

a. Draw a free body diagram, showing all forces acting on the object.

1 mark
10,2
b. Hence, show that% =M 5 0) = 0 m/s.
2 marks
c. Find the speed v m/s in terms of the distance travelled x m.
4 marks
©2013 Ser2SME2
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d. The terminal velocity is defined lim,_,., v(x). Find the terminal velocity of the object in terms of
m, g and k.

1 mark

©2013 Ser2SME2
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Question 5

The diagram shows a ramp ABDE on a horizontal base OABC of side length 2 m. Unit vectors i, j and k
and parallel to 0OA, OC and OE respectively.

D(6,2,2)

Players project a wooden hockey puck of mass m kg in the direction along the top of the ramp (ie. along
DE). The purpose of a game is to land the puck as close to point A as possible without going off the edge
OAE.

a. Find a unit vector a in the direction from point E to point D.

1 mark

b. Find a unit vector d in the direction from point E to point A.
2 marks
©2013 Ser2SME2
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Practice Examination 2, Units 3 and 4

Unit vector o is the outward normal of the ramp. The components u, v, w of vector o = ui + vj + wk are

chosensothata-o=0,d-o=0ando-o0 = 1.

—Lt:ipia+ L
C. Showthato—ﬁ1+0]+ﬁk.

3 marks

Ignoring the effects of friction, the velocity vector, v, of the puck is governed by the equation of motion

dv

m— = W + Fy where W is weight force on the puck and Fy is the normal reaction force.

dt

d. Giventhato-v = 0, showthato- (W + Fy) = 0.

1 mark

e. Hence, show that the magnitude of the normal reaction force, N = |Fy|, iSN = %
2 marks
©2013 Ser2SME2
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f. Hence, showthat ¥ =%i — 9k
dt 2 2

1 mark

The puck is launched from point D, in the direction from D to E with speed V, and reaches the bottom of
the ramp at time T.

2
g. Solve, %r(t) = %(i — K) with appropriate initial conditions to find the vector parametric equation

r(t), for the motion of the puck on the domain t € [0, T].

3 marks
h. Hence, choose V if the puck passes through point A.

2 marks
©2013 Ser2SME2
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SPECIALIST MATHEMATICS

Written examinations 1 and 2

FORMULA SHEET

Directions to students

Detach this formula sheet during reading time.
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Specialist Mathematics Formulas

Mensuration

1
area of a trapezium: S (a+b)h
curved surface area of a cylinder: 2nrh
volume of a cylinder: nrlh

1 2
volume of a cone: 3R

1
volume of a pyramid: 34n

4 3
volume of a sphere: 3

1
area of a triangle: 5 besind

a b _C

sine rule: sinA _sinB__ sinC
cosine rule: c?=a?+b%*—-2absinC

Coordinate geometry

1

R AY R AY)
G G-k

ellipse: b2

(- -k _

a? b2 1

hyperbola:

Circular (trigonometric) functions

cos?(x) + sin®(x) = 1

sin(2x) = 2 sin(x) cos (x)

1 + tan?(x) = sec?(x)

cot?(x) + 1 = cosec?(x)

sin(x + y) = sin(x) cos(y) + cos(x) sin (y)

sin(x — y) = sin(x) cos(y) — cos(x) sin (y)

cos(x +y) = cos(x) cos(y) — sin(x) sin (y)

cos(x —y) = cos(x) cos(y) + sin(x) sin (y)

tan(x) + tan (y)
1 — tan(x) tan (y)

tan(x +y) =

tan(x) — tan (y)
1+ tan(x) tan (y)

tan(x —y) =
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— 20 _ cinZ
cos(2x) = cos (Zx) sin“(x) 2tan(x)
= 2cos“(x)—1 tan(2x) = ——— —~
_ e 1 — tan?(x)
= 1-2sin“(x)
function sin~t cos™! tan
domain [—1,1] [—1,1] R
range [—E r [0, 7] (__ -
g 2’7 ' 22

Algebra (complex numbers)

z=x+iy=r(cosf +isinf) =rcisb

|z| =x%2+y2=r

—T<Arg(z) <m

Z1 T, 6, — 6,)
=nrrycis(6; + 60 —=_Cs(b1 — 02
2125 = 1i715Cis (01 + 6,) z, T
z™ = r"cis (nf) (de Moivre’ s theorem)
Calculus
(x™) = nx™ 1 [x"dx = ——x"1+c,n# -1

n+1

dx
d
a (e%) = qe™

1
[e%dx = Ee“" +c

d 1
a( 0g.(x)) = o

1
—dx =1
fx x = log.|x| + ¢

d . B
P (sin (ax)) = a cos(ax)

1
f sin (ax) dx = Z cos(ax) + ¢

d .
P (cos (ax)) = —asin(ax)

1
f cos (ax) dx = —Esin(ax) +c

d — 2
P (tan (ax)) = asec*(ax)

1
fsecz(ax) dx = Etan(ax) +c
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d 1 1
—(sin71(x)) = f—dx=sin‘1 ax)+c,a>0
dx ( ) ‘,1 — x2 /az — xz ( )
d - -1
— (cos™1(x)) = f— dx = cos™(ax) +c,a >0
dx — x2 VaZz = x2
a
< (tan~1 () = | s dr=sin @ +
dx 1+ x? as+x

product rule:

d d d
a(uv) = ua(v) + va(u)

) d v L (w) — us (v)
quotient rule: a (E) __dx dx
dx \v v2
d dy du
chain rule: dd = Ly
dx dudx

Euler’s method:

dy

dx
= Xps1 = Xn + A, Vg1 = Y + A (x,)

f(x),xo=aandy, =b

acceleration:

dzx_dv_ dv _d
dx2 _dt Cdx  dx

")

constant (uniform) acceleration:

v=u+at,s =ut+%at2,v2 =u? + 2as,s =%(u+v)t

Vectors in two and three dimensions

r=xi+yj+zk

Ir| =yx2+y%2+2z2=r

r; 1, =11, c08(0) = XXy + V1Yo + 212,

dz K
dt

dr dx,

. dy .
P—E—EI‘F ]+

dt
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Mechanics

momentum: p =mv

equation of motion: R =ma

friction: F <uN
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Multiple Choice Answer Sheet

Student Name:

Question
Question 1

Shade the space of the letter that corresponds to your choice of the correct answer.

Question 2

Question 3

Question 4

Question 5

Question 6

Question 7

Question 8

Question 9

Question 10

Question 11

Question 12

Question 13

Question 14

Question 15

Question 16

Question 17

Question 18

Question 19

Question 20

Question 21

Question 22
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Solution Pathway

Below are sample answers. Please consider the merit of alternative responses.

SECTION 1
1. C 2. C 3. D 4. D 5. E
6. E 7. E 8. B 9. C 10. A
11E 12.D 13.B 14.C 15. A
16.D 17.D 18. E 19. A 20.D
21.B 22.D

Question 1 Answer C
Degree of numerator = 0 and degree of denominator = 2 = y = 0 is an asymptote

Denominator = (x + 1)(2x—3)>x=—-1and x = 3 asymptotes
Question 2 Answer C
midpoint of box = (h, k) = (1,3)

(box half width, box half height) = (3,4) = (a, b)
(x-h? O-k?_

vertices = (—1,3)and (4,3) = p % 1
Question 3 Answer D
1
x)=0=>x=-2,x=0 2y=—— hasasymptotesx = —-2,x =0
f(x) 1y 70 ymp
x,f(x))=(-1-1)=> (x,—) =(-1,-1
(0 /@) = (1=D) = (x 75 ) = (1=

Question 4 Answer D

x—1
Transformationy = arcsin(x) = y = 2arcsin(2x + 1) —m is (x,y) = (T' 2y —m)
T

domain = [-1,1], range = [—E,E] — domain = [—1,0],range = [—2m, 0]

Question 5 Answer E

2 = is(=3) = 7 = cis(§) = 7 = VZais (<§) = GO = (v2) eis(-113)

(2)~11 = (2)1/2¢js (27‘[ - 11%) = 32+/2cis (g)
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Question 6 Answer E

z=(a+ib)=>zZ=(a—ib) >u=i%z2=—1(a — ib) = —a + ib = reflect in imaginary axis

Question 7 Answer E
(z-20Z+20)=22E-20Z-20)=2>|z-2i?=2>|z-2i| =2
Question 8 Answer B

NP z2 az—b2+_ 2ab
z=a+ih>-—==-X—=—>= i
Z Z z |z|* a?+b%? a%?+b?

Question 9 Answer C

d
If % = f(x), y(a) = c then a single step of Euler method,y(a + h) = y(a) + hf(a)

h2
with local truncation error E = y(a + h) — y(a) — hf(a) = 7]”(77) ,1 € [a,a+ h]

y(a+ h) = y(a) + hf(a) = y(a + h) =c + harctan(ab)
2

h h?
f'm) = =—=f'(m) =

1+ n2b? =E 2 > 0,1 € [a,a + h] = overestimate

2 1+ n2b?

Question 10  Answer A

% = 0 (ie. horizontal tangent)wheny = 0

% = oo (ie.vertical tangent)when x = 0

d
% =1 (ie.tangent at 45°) wheny = x

d
% = —1 (ie.tangent at — 45°) wheny = —x
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Question 11  Answer E

Py _ 2 W _ o™ __13_1 2__2(£ l)
Tz = X xanddx—0=>dx— X 32x =—x(5+;
:stationarypointsatx=0andx:—E only
d*y .
prv i —x(x + 1) changes signat x = —land x = 0
= p.o.i.atx =—1and x = 0 only
~ x = —1is anon — stationary p.o.i.and x = 0 is a stationary p.o.1.
At 3 4y 0 dd2y<0

x=——,—=0and —

2" dx dx?

.'.xz—zisalocal maximum

Question 12 Answer D

When rotating about y = 1, the outer surface is formed by the lower curve i.e. y = g(x) and the inner
surface is formed by the upper curve i.e. y = f(x)

=>V = nfﬂ(l — g(x))zdx — njn(l —f(x))zdx
0 0

nf (1- g(x))2 -(1 —f(x))zdx
0

. f (F00) — 900)(2 = £ () — g(0))dx
0

2n f 2 - g0)(2 - f() — g(0))dx
0

Question 13 Answer B
Vs

I = Jztan‘*(x) sec*(x) dx
0
Jztan‘*(x) (1 + tan?(x)) sec?(x) dx
0

Jztan‘*(x) (1 + tan?(x))
0

d tan (x)
—— dx
dx

Usingu=tan(x),x=0:>u=0andx=§:>u=1

1
ol = f u*(1 +u®)du
0
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Question 14  Answer C

1
y—2xy2=—1,x=1:>2y2—y—1=0:>y:—§0ry=1

Using implicit differentiation
dy  2y? 2y? 1 2y? 2

== > =—and =—=
dx 1-—4xy 1—4xy(1’_%) 6 1—4xy(171) 3
Question 15 Answer A
a = 2mi+4j-2k = 6b
_ p 2i+mj—k
J(2i + mj—K) - (2i + mj — k)
i+ 4 — 2k 12i + 6mj — 6k
mi - =
’ 15
12
equating coef ficients 2m = ———— =>me{-3i2} @
m2 +5
6m
4 = ——— =>>mEe{2
N @ ®
—6
-2 = ——— =>me{-22} ©)
m? +5
but only m = 2 satisfies equation (1),(2) and (3).
Question 16 Answer D
— a
0OA = p—a
a-a
AP = OP-04
p-a
- PTRl
00 = OA+A4Q
04 — AP
- Pa _(,_P?
~ aad (p a-aa)
p-a
= 2——a-—
aa’ P
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Question 17  Answer D
PQ = q-p
PQ-PQ = (q-p)-(@-p)
p'ptq-q-2p-q
_ p'p+tq-q—(q—p) (q—p)
pq = 2
P-P+tqa-q-(q-p)-(9-p)
pllal cos(8) = >
_ p'p+tq-q—(q—p)-(q—p)
cos(B) =
2|pllq|
_ pprtaq-(@-p)-@Q-p)
2/ (p-p)@-q)
Question 18  Answer E
displacement = x(2)— x(0)
2
= fvdt
0
Question 19  Answer A
a X v = v _ k
a -
wa)=(-12) = k=-2
N dv _ 5
ac v
2dt 1
dv v
-2t = In|v|+c
tv)=02,-1) > c=-
lv| = et 2t
v<0 = |v|=-v
v = —et2t
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Question 20  Answer D

dv 1 dv k
- o< — = - — —
dx v dx v
( dv)_ 22) > k=4
v'dx =(22) B
= dv =4
dx
dv
F = ma=2v—=28
dx

Question 21 Answer B

1
System has mass 3 kg,and a net force of gdown = a = —g ms~2 down

2=u’+2as=>v=+u?+2as= ’02+2><‘Z><— [

Question 22 Answer D

YF = (804 50cos(h))i+ (70 —50sin(H))j
= 10a = 110i+ 30j
> a = 11i+3j
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SECTION 2

Question 1

M1

T
sincecos(6) > 0 when 6 € (O'E) M1

N
N
N\
- LN
o
_u_l +
N—— —
t |
.m —
%] — < |¥p]
— | +
— N [
+ =

cos (1”—0)

2 marks

5)

t-1+

+i-

4

V5
iy

5
8
cis (

i. Express in polar formw =

b.

) @)

s
10

T
o) =

)+ isin(

s
10
ii. Write down w? in polar form.

Cos (

w =

(A1)

) (3n>
cis 10

)

s
10

wd = <cis(

2 marks

1+1

Im(z)

~
—
N
%]
N
Nl
S
g3
QS
Bt m
QO DM
)
SIS
v QO
~ =
S s
S S
—
Ty
T
P
IIIIIIIIIIIIIIII [ " e I B
1 1 U 1 1 1
1 1 __‘ 1 1 1 1
1 ', 1 1 1 1
[=hhi i bl H s S A
1 Ty =t Fa 1 1
1 1 T. e 1 1
b _h.n 1 1 1
it B Ml S s Sl
e A “ 1 1
e i [ 1 1
il 4o s 1 1
e e Tl et Rl T e
- kg (4 1 Vo 1
 y 1 i [ L LT |
L oA W L -0 1
e el il el R e e T e
._(v,__ _.\A. ¥ ___._|1 Y Y |
r._._.,..._,._.‘._..... _lxu__ Y \ 1
WAl B
N 0 S N T
[ ww.p., -4 % m_ .H. |
ER L TRy T 1
AT te TN fiealh i 1
~ - ~ 4 -4
T_.l?wﬁndflﬁA|+|||__+:|r||£||||_
G r 1 ul A S = 1
i 0 v P Fy ==
[ A [ 1 5__ 1 1
1|TU..|.l.wn_.n_lr|4|+\k|,.|r..|H|L||||_
1 ! A L [ 1 1
P ! 1y LA IFARS 1 1
.._.h a__n - N, R Sl 1
_||||T|||_|a)_|1r|||T|4...|T...|||..¢.|||.rdl..l..lllh:ll:.
1 1 1 w o q_ \ [ 1 | 1
| 1 [ M 1y P | 1
L - A"
] 1 _\ ] lr.-ﬂ_ _nl_-\\ 1 ‘_ 1 1
_||||_||||_...|||_|||TJ|..|J|||_.H._HJ|..|L_.J||._.|||.._|||L||||_
1 1 1 1 g1 [ 1 1 1 1
1 1 1 1 i1 1 X | 1 | 1
1 1 1 (I [ 1 1 1
e ol L - oL Lo _k___L___1___1___1___1

2 marks
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d. Area= 6?” square units (A1)
1 mark
e. |
Imw") =0 = Im|cis (ni) ~0 (M1)
10
= sin (ni) =0 (M1)
10
= = €z
"0 = mr, m
n = 10m, meZ (A1)
ii. wio™ = cis(mm) = cos(mmn) = (1™ (A1)
3+ 1=4marks
Question 2
a. vp=v4—a (A1)
1 mark
b. using s = ut + 1/2at?
1
95 = v, - @ )
160 = 2v,—4a (2
Solving (1) and (2)simultaneously for of a and v, gives
=~ v, =100ms ! and a = 10 ms™2. (42)
2 marks
C.
ve =v4—3a=70ms™ 1.
1 mark
d.
dv
newton's second law = —40,OOOE = 1600 v2(t) + 1600
) drect " dt 25 W1
Rl —r——
rearranging and reciprocating I PO+ 1 (M1)
1 mark
e.
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0

t—0 = =25 d M1
oV2+1 v (M1)
~t = —25[arctan(v)]9, = 25arctan (70) (A1)
2 marks
f.
vo1
t—0 = =25 d M1
_];Ouz +1 u (M1)
= t = -—25[arctan(u)]¥, = —25(arctan(v) — arctan(70)) (M1)
1
solving forv v(t) = tan (ﬁ (—t + 25 arctan(70))
2 marks
g.
Reverse thrust is applied at Point C, which is 355 metres from the start of the runway
25arctan (70) 1
= x = 355+ f tan (E (—t+ 25arctan(70)) dt (M1)
0
x = 461lm (A1)
2 marks
Question 3
a.
, dh
av(h) _dvh) dh _ mh® - h€[03]
dt  dh “dt | __dh
9tr— h€E[3,6
Tt [3.6]
(Deﬁvaﬂveggggisdeﬁnedalx = 3)
2 marks
b.
©2013 Ser2SME2
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rate of outflow o +vh

= kvh
= il henh =4
50"
ko= (41)
h 100
av
il rate of inflow —rate of outflow (M1)
dh T T
971'% = m—m\/ﬁ (Al)
dh  1-+h
dat 900
3 marks
C.
dh
h=_01-u)? = dh=adu=2(u—1)du
R 1 _1
1-vh u
f L n zf(1 1)d (A1)
= = ——)ldu
1—-+h u
1
= fl_\/ﬁdh=2(u—loge|u|)|u=1_\/}—l+c
1
dh = —2(Vh +log,|1 —Vh|]) + ¢ (A1
| T @ = 2R+ log 1 V] +c - can
2 marks
d.
dr _ 900 t(4)=0 = t(3)—0+900f3 LIS (A1)
ah = 1VE l s 1-VA
1 mark
e.
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3
1
t3) = t(4 +9oof dh
(3) (4) 1A
= 0-1800[Vh +log,|1 — x/ﬁ|]i (A1)
= 1800 (2 — V3 —log, (V3 — 1))hours (A1)
2 marks
f.
dv
il rate of inflow — rate of outflow (M1)
dh T T
2 - ___ __
T 106 100 V" (A1)
dh 1-+h
Tdt 100 h?
2 marks
g.
lim h(t) =1 (A1)
1 mark
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Question 4

a.

air resistance = kv?

+x +

weight = mg
1 mark
b.
, dv )
Newton'sSecond Law = mva =mg — kv* (M1)
_ s dv _mg— kv?
rearranging yroial—
particle falls fromrest = v(0)=0 (R1)
2 marks
C.
rocate both sides - = — ™ 1) =0
reciprocate both sides - = —— ,x(0) =
— f mv d M1
x T mg — kv? v (M1)
B m —2kv d
B 2k’ mg — kv? v
m
= —ﬁloge(mg — kv?) + ¢, sincemg — kv? >0 (A1)
m
x(0)=0= ¢ = —rlog(mg)
B m, mg — kv? ”
@) = —gploge (= (A1)
[mg 2k,
Solving forv v(x) = T l—e m (AD
4 marks
d.
2k
lim v(x) = lim |29 J1-em* = |72 (A1)
X—>00 X—>00 k k
1 mark
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Question 5

a.
a =

unit vector along y — axis = j

b.
OF — 04
d =
|OE — 04|
_2i-2k
T |20 - 2K|
1. 1
= —i—-—Kk
V2 V2
C.
a-o=0 = j-(uwi+vj+wk)=0
v=20
d-o=0 o (1 k) (ui + 0j + wk) = 0
‘0= —i—-— ui + 0j + wk) =
Z' V2
o * oW
V2 V2
w=u
o0ro=1 = Wi+0j+uk) - (ui+0j+uk)=1
= 2u=1
. 1
U=w=—
V2
! +O'+1k
0o=—i —
2 1T
d.
(W + Fy) Y Lo =
0 N_modt mdtov—
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(A1)
1 mark
(M1)
(A1)
2 marks
(A1)
(A1)
+\/_ because outward normal
(A1)
3 marks
(M1)
1 mark
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e.
o-(W+Fy)=0 = oFy, = —-oW
= o0-(No) = -o-(—mgk)
= N = mgo-k (A1)
1 1
= = mg(—=i+0j+—=Kk)-k M1
9(2 j ﬁ) (M1)
myg
N = —=
V2
2 marks
f.
dV—W+F = v _ k+m
mdt = N mdt = mg 20
K+ iy oj+—k M1)
g 2 vz 2
g. 9
El—ik
1 mark
g.
dr dr tg
— = — Z(i—-Kk
2® = GO+ [ Ja-todu
= drt = V'+g' k)t Al
= ® = “Vi+5(-k (A1)
t
r®) = r0)+ f ~Vj+ G- Wudu (M)
0
= 2i+2k—Vjt+%(i—k)t2
— g 2 _ : _g 2
r®) = S+ ve)j + (2 4t)k (A1)
3 marks
h.
At time T the puck is at the bottom of the ramp, so the k component of r(t) is zero.
(2—gT2)=o 5 T=2 %5 (A1)
4 Y
To pass through point 4, the j component of r(T) is zero.
2
2-VIH)=0 = V:_:\/gms—l (41)
T 2
2 marks
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