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PART A Mathematics

Which one of the following is a simplification of
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2 Triangle PQR has a right angle at Q. P

The point T lies on QR such that QT = Tor 12,
‘ b
PT=6cm
PR=12cm
What is the length of QT, in cm? - T R‘
A 2 O-R=GAT
B 23 PYTHAGORA'S THEDREM:
Cc 2\/5 62':: PO\L"' O\Tl
®) 5 PO = 6= 0T
= I2.7- PO+ O
1
bty e 26-67"* (4OT)
08= 56T~
5
o= 232 BT

3 Find the complete set of values of x that satisfy the inequality

P I
Z(S—.\)—E(G—.\) x <20

1
A X< —
: 15 3 |
5 oo LK ITAK-x LD
3
C by u’._% . § )( . — zg-’ / (_ é——
It Y |
@ Ay - E
-5 Careful: the inequality sign changes when multiplying both sides with a negative number
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| have two fair dice, X and Y, each of which has six sides.
The faces on X are labelled 1, 1, 2, 3, 4, 5.
The faces on Y are labelled 2, 3, 4, 5, 6, 6.

| roll the dice together and calculate my total score by adding the number rolled on X to the
number rolled on Y.

What is the probability that my total score is greater than 9?

A 1 First row - dice X values. First Column - dice Y values. Middle = their sum.
4
B 1
6 1 1 2 3 4 5
1 2 3 3 4 5 6 7
C
9 3 4 4 5 6 7 8
p 2 4 5 5 6 7 8 9
12
5 6 6 7 8 9 10
(E )i 6 7 7 8 9 10 11
36
6 7 7 8 9 10 11
P(5 g N, OF ODUTCOMES > 9 5
UH 7 ):: - —
Torh L N, 56

Rob keeps a record of what he earns each day.

On Monday, he earned 50% less than he earned on Sunday. M _ O 55
On Tuesday, he earned 20% more than he earned on Monday. - U
On Wednesday, he earned 30% less than he earned on Tuesday. _ Q M l

| = 2NM=1.1055=065

On Wednesday, he earned £84.

How much did Rob earn on Sunday? W:D}T"—O.} 0 64= 0 4 S
A £15.12

B £3528 8470 b5

C £117.60

(D) £200 o = %LE 3/%0% - 100

E £210

F £300

G £1200
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The n™ term of a sequence T is (1 — 3), where » is a positive integer.
The n™ term of another sequence V is 31 + p, where p is a constant and » is a positive integer.
The 10" term in T is equal to twice the 5 term in V.

What is the 4™ term in V? 0 _
16 10 TEQJ‘/\ 0 T 2X b Teh IN

4

éw.s (D 33 (5 5“@)
- 3= 30+ 24

7 Which one of the following is a simplification of

5x? -17x 12  x*+x-12

—_—

25x2-9  x*-x-6
A (-4)E+2) 1 )
(x=3)(x+4) Bx?+20x-Y <12 w2 x_&
3)(x+2 - - o _
B ((5\1 3))((\\:3)) (5x—3)(bx+2)) xZyx-10 -
2
@ ((5\ 3))((\\-: 4))
(x—4)(x—3) = (s K )
xX+2 B _ ! -
E ((5\.\-++3)) (EX‘E)(bK""b) X1+L|'><'_3X_M«
(x+4)(x—6)
F o 5x3)(x+2)

o gaen BB () (en)

T [5x3(5x) X (x4 )7 B[R+ b

xb L (D) a2)
DD (a4)(x=2 )
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8 S is a list of six numbers:
1,2, v, x+1,x+1,15 where2<x<14

The mean of S is one more than the median of S.

NEDIAN = HpOLE Posimion
X R x4 SHME THE HID POSIMON SO

What is the value of x ?

A 22

oo L)
Qs hepipn= 52 o L
c 47 e = A+l#x+(x*1)+[x+’\\)+45 T+ 20
p 53 M kW= 6 ) 5
E 62

3

MEAN = NE DIAN 1

By 10 1
Hx+10 = 51\+3
14 2.
Xx=3 =%

9 A rectangle PQRS has length (2x — 1)cm and width (x + 1)cm as shown on the diagram.
A larger rectangle is made by adding 3cm to both the length and the width of PQRS, as shown.

The larger rectangle has an area of 360 cm®.

X (><+4+5) - (2x~1+5) - 340
([ R (X+4) [Lx+2) =DEO /2
e (x+4)( x+1) = 180

(2x - 1)em 3cm )(14' 5x+Ll—:180

3cm

[diagram not to scale]

What s the ratio of PQ to PS? X,L*E X~ 1 16 =0
o %24 fox-x-1+6=0
C?z; x (1) ~1(x*16)=0
o (X=1) (xH6)= 0
e o P& Al 12 2=l or x=416

P

i Az
ps 2t 21T 7
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1
1 is inversely proportional to the square of w. JC oA ’\)Jp_
t and w are positive numbers. J
{=36 when w=2 x 107 {, Wi
_ _ - £ T 7 =
What is the value of w when r=1007? 2 -
W,?
A 12x107"
Z
1,2 <1072 9 A6 Wy
C 1.44x10° 100 (2 . 10“1)
D 144x107°
10 4 6
E —x10
F g <107 210
-2
G 7.2x10° ) AL (O
L= —_—
H 72x107 1©
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11  PQRS is a trapezium as shown.

5
tan RSQ = —
8

Q R
40m
\\
H S

[diagram not to scale]

What is the length of PS, in metres?

A 45

B 65

C 80

D 120

E 25+ 403
3

F 40+ %
3

(e 25+40V3
H 64+ 40V3

G

tow RSO = 3
ka5
S &

o ko

—_—

S

HP

= Lo G- Lo

PS= 1P+ ms= 25+%0

If you cannot remember the value of tan 30, there is another method in which the triangle PQM is
completed into an equilateral triangle.
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12 A cyclist rides along a track to the top of a hill then immediately turns around and descend:
along the same track to her starting point.

She takes 40 minutes at an average speed of 12kmh™ to reach the top.
Her average speed for the whole journey is 15kmh™.

What is the average speed of her descent?

A 16kmh™ The track distance s is the same for The total distance travelled is 2s.
ascent and descent.

B 18kmh™ )
(C> 20kmh™ 5=V pscepr tf\scspr 25 = Ve f/TDT&L
R S = 12 hafl k0w 16 bon = 45 e/l Apas
E 30kmh™

= {0 bl % b Erothe © 4—\%[1/\
=3 ke

'tTDTA =t Kscert £ £ DEScE UT

16 2 2
JCOESC(:NT——@- 3 2751/\

S 3
Voescew o T2 0k
& 5

13 A solid cylinder has radius e¢m and height 1 cm.
A cube has side length 3rcm.
The total surface area of the cylinder is equal to four times the total surface area of the cube.

Which of the following is an expression for i in terms of r?

A (52 SURTACE  cYUbel = bk x SUFRKcE cupE
B [%‘1]’ 9
c LTS . Aeh ~l- b Lbr}
o (10 Lo Lot
e (Z-) A= O ler-RTe [
P 0%
%) h= -
(22— 2);
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14  Consider the equation 2x?+4x + ¢ =0, where ¢ is a constant.

The positive difference between the roots of this equation is 10 .

What is the value of ¢?

A

B
©

D
E

F

15

-5

-45

-3

-0.5

0.75

X =

The variables x and y are related by the equation:

Lo
THePs Tobe ¥k
[He ke TO &16: -

7
)= TiC e/

ko = 16-3c
c="5
o 2_1'3+1
SR 08

Which of the following is a rearrangement to make y the subject?

A =3 8::38
B 1:381:32
{2
o o

Ayt
ﬂ“laﬁ -

Fol. ax*+drrc=0 THE PODTS Ale

_b+\gb2/hf&c & _
Ao Az
SO X=X,z L @

b- Jplac

7 on

b-X / [1-24")

9\61}%1 = 5‘7&—’]D63+2K63

Hﬁing

%}KQQ*QQ

i -x
“l—x

75 b-x I\ x-b
\C_A) &4’2.-%&: D x -2

NSAA 2022 Section 1 Page 9


http://my-academics.com/pat

Visit my-academics.com/nsaa for more notes and online private tutoring.

16 PQRis a triangle as shown.
S and T are points on the sides PQ and PR.
STis parallel to QR.

PS=3cm
ST=xcm
QS=(x+2)em
QR=(2x+ 1)cm

UsE  S\MILak TRWNpLES:

P
f5 ST
3cm PQ\ B oL R
(x +2)cm 3+)<+?_ B 2;<+4
(2x+1)cm (2)(-[—/[ = X ()("’5)
[diagram not to scale]
What is the length, in cm, of QR? g)(,\- /b - )Ql*-EA
A 2+45 X.,L—)(d/j_;(j
@) 2+413
C 5+2V7
+ 2LA -
D 5+2J11 X = f ’—m)
E 7 z
F 9 T+ W
IR
X7D 5O X = 4+£
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17 Three different numbers are chosen at random from 1, v'E. v@. JZ. J5.

What is the probability that the three numbers form the three sides of a right-angled triangle?

A TOTAL  No COMDWKTIONS - B4 D = 6O
1
) ? PYTHA GORN:  c® =a2sp™
) 11_0 R0SS\HLE  TRANGLE VRAES: U\S?-\XS
e W, %, & b PossbiLiTiES
®: W, 6,05
" s 5.0, 05
° 3 Howe el ozl Doesy'T MptTel

Ee N2 35 Chv Moo B |1, E\ﬁ*\ \PS W\SB}SL,ET}S?)NE\EJ H N
L7 6 DWFERENT OrehS
No TN 6LE COMPINATIONS = L Poss BIITES x § OLKERS = 2L

No TIHANGLE CoMbupcol s o[

PRoppadiLTY =

-

NeRES)

Ng TorAL corwtwys 60O

18 P, Qand R are regular polygons.

SUM OF ANGLES oF K PolY6oN = (w-1])- BO°

-2 180°
W

Q has three times as many sides as P.

An interior angle of Q is 10° larger than an interior angle of P.

MGLE 6F & RECULM. ROLGON v, =

R has twice as many sides as Q.

How much larger is an interior angle of R than an interior angle of Q, in degrees?

®2% W@:BV\? 7 V\Q\Iﬁ-z[(:}?_

¢ 62 o= 107t p A = 175°
R T e L R g e
E 10 we, we
F 15 _0O
I (?Jhg‘l\)‘@(jg? o + BOwp~ 3160 ox@ - \+7 9)
3 dnp -0 ne
Ag-dp=25"
{20 260 '
80— 0 =101 80 - Ty
LU0

we - 10 = V\9=7_L\f
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19 The point (-1, 5) is translated to the point (3, 2) by two successive translations.

(3
The first translation is by the vector 1 41; 1

q
|

The second translation is by the vector | 5
—<q

What is the value of p + ¢?

oo e l)3)-00)

D \_1*5@*%:5 = —%pj:_ﬁ + %m QP—Qa\' 4%
6 & b‘%P—lﬁrl = “lp-29="2

H 14 P*q:’l

20 Consider the graphs of the form
v=x’+2ax+a

What is the complete range of values of a for which the minimum point of the graph lies above
the x-axis?

There are no values of H\leUM —A—é VO - ,Z)Q*Q«@\

A
B a<0 d)( _
@ O<a<1 Aiw ==
D 1<=ag<1 F:QJOVE xX= /A\]&\a ME-N\) 5 6H\}\) > D
E a<-1ora=1
F a<0ora>1 _ L 2 2 *

%ka Ky *25*7%«&“0\: & “20\ Yo = om0
G« can take any value

2
o~ a7 O 2
Ao N

alt-0)>0

boots a=0, 4 m
o-a” >0 WHEN ﬁ 7
O <o <

O
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PART B Physics

There is a constant current in a conducting wire. A charge of 20 C passes through the wire in
1.5 minutes.

An 18 cm straight section of this wire lies in a uniform magnetic field. This section of wire is
perpendicular to the direction of the field. The magnetic field strength is 0.15T.

What is the magnitude of the magnetic force on this section of wire?

A )0.0060N aQ 20 _ 20 4
O 1= 387 1540 =3

4

B 036N
C 060N TR ARVALEPTLS
D 081N

- & "ﬂ_" ?JDLMQ
E 36N T
F 49N _ IQ; 8 140
G 81N
H 4900N

A rider on a rollercoaster moves very quickly towards a solid wall. While moving, the rider
shouts, and hears an echo of the shout from the wall. The echo is quieter than the original
shout.

How do the amplitude and frequency of the echo heard by the rider compare to the amplitude
and frequency of the original shout?

= —25-0)]8" O\4E'MSOO — @ OOEN

amplitude frequency The volume of sound is proportional to its amplitude.
If the echo is quieter, it means its amplitude is lower.
A lower lower
B lower unchanged To determine the frequency change, consider Doppler's effect.
@ lower higher Initially, the rider shouts, acting as the source of the sound wave,
o g while the wall acts as the receiver of the wave. Since the source is
D unchange lower approaching the receiver, the waves get pushed closer together, so
E unchanged higher the frequency at the wall increases.
E higher lower When the sound gets reflected off the wall, the wall starts acting
as the source, and the rider as the receiver. Now, the receiver is
G higher unchanged approaching the source, so the received frequency increases again.
H higher higher
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23  The diagram shows a system consisting of two large copper tanks of water connected to each
other by a solid cylindrical copper bar.

tank 1 tank 2
copper bar
water water
temperature T; temperature T,

The temperature of the water in tank 1 is T,. The water in tank 2 is at a higher temperature T-.

The following four statements list changes that can be made, independently, to the system.
Atalltimes T; = Ts.

1 increase temperature T,

2 increase temperature T

3 increase the length of the copper bar

4 increase the diameter of the copper bar

Which two changes each independently result in an increase in the rate of conduction of
thermal energy along the copper bar?

A 1and?2

B 1and3 The rate of conduction is proportional to the temperature
difference between the tanks. Since T2 > T1:

C 1land4 1) increasing T1 would increase the temperature difference,
therefore increasing the rate of conduction

D 2and3 2) increasing T, would increase the temperature difference,

@ 5 and 4 increasing the rate of conduction.
F 3andd4 3) The rate of conduction is inversely proportional to the length

of the wire (the longer it is, the further apart the tanks are), so
increasing its length would decrease the rate of conduction.

4) The rate of conduction is proportional to the area of the

contact. Increasing the diameter of the copper bar would
therefore increase the rate of conduction.
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24  Two identical resistors are connected in parallel to a 6.0V hattery. The two resistors dissipate a
total power of 0.15W.

One of these resistors is removed from the circuit and connected to a 12V battery.

How much charge passes through this resistor in 6.0 minutes?

L
A 0.025C
F VromaL® \Tothe 4
B 0.050C - o
TOTAL - =) RTD - 2 o
T TAL™ Doyl =
C 0.15C AToraL Pkl D13
D 030C o J_ 7
fesiomhs |0 PrRaLLEL =2 WL 2, = =
E 075C |

F 15C Q,\‘-Q\QTOTM: %OD\

® 9.0C \ 1 4
T sc IF Ry comeaed To 2V, Use L= g=55 =05 A
N &
T=7% = 80=Tat= 5 660 =3¢
25 A small piece of space debris of mass 0.10g strikes the International Space Station at a
relative speed of 15000 ms™.
The piece of debris comes to rest relative to the space station in a time of 0.010s.
What is the average force exerted on the space station by the piece of debris during this time?
A 0.0010N
PinmiaL = WY
B 1.0N [A‘ \)
FINA L= O T AEST
C 15N P FIFA
D 100N CHANGE (N MOMEMTUM AF: Wt/
@ 150N . .
| took the absolute value of the change in momentum (no negative sign),
F 1500N because the direction of the force is not asked for in the problem.

IMPULsE =T = Feat

L=4p

F-at=umv
— WV D. 11D 45000_ﬂ _
M=t 0 04 = 1boy
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A block of mass 6.0kg is pushed along a rough horizontal surface by a constant force of

8.0N. The block accelerates uniformly from rest. After 4.0s its velocity is 2.0ms™".

How much work is done against resistive forces during this 4.0s?

A

12J

20J

C

D

24

32J

40J

64.J

WL
o= A'l: = ly ’(0-50«5

s=xat =L 5.4 b

The work done against resistive forces is effectively heat loss due to friction.

The total work gets converted to kinetic energy of the block and heat.

\X/Tow«l_ = Bt Wpenr

Frss s’ +Wpar
Lolp= 2 6254 W g

=/ WHEM‘ = lo&
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27  Ultrasound is used to find a crack inside a cuboid block of metal. An ultrasound probe is held in
contact with the top surface of the metal block and perpendicular to the surface. A short pulse

of ultrasound is sent into the metal block at time r = 0ms and reflects from both the crack and
the bottom surface of the metal block.

__—ultrasound probe

P metal block

I—crack

The times between the emission of the ultrasound pulse and the return of the reflections to the
probe, and the strengths of the reflected pulses, are measured. The results are shown on the
graph.

strength of
reflected pulse

0 0.1 0.2 0.3
time/ms

The speed of ultrasound in the metal is 5000 ms™.

What is the distance between the bottom surface of the metal block and the crack?

@ 0.2m

B 0.3m (./
C 04m f—/

__—Uultrasound probe

-

D 05m
E 06m ~metal block
F 10m dg /

——

crack

On the way to the crack, the ultrasound wave travels there and back, therefore a distance of 2d..
Itis received first, at t;=0.12 ms, because the crack is closer to the probe.

t
.ZJL'—’V'tq =7 Ao: UZL

Similarly, on the way to the bottom, the ultrasound wave travels to the bottom and back to the top - a distance of 2d;.
It is received second, at t,=0.20 ms, because the bottom is further away from the probe than the crack.

2ap=vty = &5‘— \%

\ _4 \_50oo -3
The distance between the crack and the bottom is 5 A - dB ’AC = [Jﬁl t’l)— 2 (D 20- 012) {0

= OZW\
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28 Power is supplied to an electric motor at 0.800 kW.
The motor has an efficiency of 60% and is switched on for half an hour.

How much energy is wasted during this time?

A 0.160J o Wron
B 0.240J TOVAL A
5

c 160/ =7 WTDTALZPTUTAL it = O.%'103-O.5‘3600 =1Lk {0 &
D 240J , Woserts
E 576J tFF\C\E}\]C\/ - WToTA L
F 864J

=) wLJﬁEFUL: D.6-1. LVL(.{DGFOC = 36k 00O &
© 5760004
H 864000/ W LosT = WtomL- Wuseror = 576 000 &

29 The diagram shows a circuit that includes two ammeters and a resistor R.

The readings on the ammeters are shown. . .
9 ’ Very mean how they drew this circuit!

Let's redraw it - just make sure that B is the
|‘“ l— branching point of the parallel and then simplify.
3.0Q
ﬂ\‘ —C D8 | “’ |—| — ~

(A 1.8A

—R_ N

2

3

What is the resistance of resistor R? \I‘l

A 040Q ‘J

(B) 250 Y B

After redrawing, it is clear that the bottom 5 2)/\ p\ ! A
c 3.0Q ammeter measures |, - the current passing to R.
D 36Q —_ 4 %1[\
E 55Q J_TOTH‘ :Iq +ID‘
— 3 3=Tx + 1%
T4=154

Since the two resistors are connected in parallel, the voltage across them needs to be the same.

\/\:\IL
___L_—,\" R/\’—'—Ij_'ﬁl\
1.5-5=1%. 0 = R=2.50
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30 The graph shows potential difference plotted against current for a filament lamp and a resistor.

potential difference /V :

10

0 |
0 0.1 0.2 0.3 0.4
current /A

The lamp and the resistor are connected in parallel with each other to a 6.0V power supply and
the current in the lamp, I, is recorded.

In a second circuit, the lamp and the resistor are now connected in series with each cother to the
same power supply, and the current in the resistor is 0.18 A. The potential difference across the
lamp, V, is recorded.

What are the values of I in the first circuit and V in the second circuit?

ITA VIV
A 0.25 1.8
B 0.25 3.0
c 0.25 4.4
D 0.35 1.6
E 0.35 3.0
F 0.35 4.4

The straight line corresponds to the resistor, because it follows Ohm's law perfectly.
The curved line corresponds to the filament lamp, because filament lamps are not Ohmic resistors.

In the 1st circuit, they are connected in parallel, so both of them are at the same voltage of 6 V.
Reading off the value from the graph, at the voltage of 6V, the current in the lamp is 3.5 A.

In the 2nd circuit, they are connected in series, so the same current of 0.18 A goes through both of them.
Reading off the value from the graph, at the current of 0.18 A, the voltage across the lamp is 1.6 V.
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A child is bouncing a ball of mass 0.16 kg vertically up and down on a bat. Each time the ball
hits the bat the duration of the contact is 0.20s. The speed of the ball immediately before hitting
the bat and immediately after it loses contact with the bat is 4.0ms™".

What is the average contact force between the bat and the ball during each collision?

(gravitational field strength = 10Nkg™) Vy=-— th\ / )

1.6N Vy = +lhw| <

32N — CONSIDER. (UL SE

A
B
C 48N B
L=40
D 64N -~
@B.ON Pt = nia-myy
F U\/\[Vl‘\f’l\] 046{@“(_L‘|’>J

e 0.1 =6 bV

Forkw> Fv W= F*M@z 4N +1LbN = &N

A transverse wave on a string has a speed of 500ms™".
The horizontal distance between two points P and Q on the wave is 4.0 m, as shown in the
diagram.
40m
At time = 0ms, point X on the string is at its maximum displacement of 6.0 mm above
equilibrium. PO\ _ 2 >\
What is the displacement of point X at time 1 =7.0ms? 2
= Y =dwm
A 6.0mm above equilibrium >&
B between Omm and 6.0 mm above equilibrium - ér;
@ 0Omm
:7 T = 2\—\ = ’L—“ =
D between 0mm and 6.0 mm below equilibrium | \V4 5(.') 9,

E 6.0mm below equilibrium

After 7 ms, the wave makes one full period plus three quarters of a period.

After one period, the point X is back to 6 mm above the equilibrium.

Now comes the interesting part:
- after another quarter, the point X is in the equilibrium at 0 mm.
- after two quarters, it is at the opposite point at 6 mm below the equilibrium.
- after three quarters, it is again in the equilibrium at 0 mm.

NSAA 2022 Section 1 Page 20


http://my-academics.com/pat

33

Visit my-academics.com/nsaa for more notes and online private tutoring.

A neutral atom Q of a particular element contains a total of 20 particles (protons, neutrons and
electrons).

The table shows information about the number of particles and relative charges of four atoms
orions W, X, Y and Z.

atom or ion number of particles relative charge of atom or ion
W 21 0
X 21 -1
Y 20 +1
Z 22 0

Which of these atoms or ions could be of a different isotope to Q but of the same element as
Q?

A Wonly
X only
Z only

X and Z only

m O O W

W and Y only

W, Xand Y only

( ) W, Y and Z only

H X, Y andZonly

The same element must have the same number of protons.
Isotopes have the same number of protons but a different number of neutrons.
W has one particle more than Q and it is neutral, so it is an isotope of Q with an extra neutron.

X also has one particle more than Q. Since it is a negative ion, it has an extra electron. This means
X is a negative ion of Q, but not an isotope of Q.

Y is a positive ion, so it has an electron fewer than Q. Since Y has the same number of particles as
Q, it must have an extra neutron compared to Q, so it is an isotope of Q.

Z has two particles more than Q and is neutral, so it is an isotope of Q with two extra neutrons.
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34 Radioactive isotope X undergoes a single beta (37) decay to form the stable isotope Y.

A sample consists only of X and Y. The graph shows how the mass of Y present in the sample
varies with time. After a long time, the mass of Y in the sample becomes a constant 50g.

60
50
40 =]
30 -~
20—+
10

0

mass of Y /g

0 1 2 3 4 5 6 7 8
time / min

What is the half-life of X?
A 0.6 minutes

1.2 minutes

B
@ 2.0 minutes

D 3.2 minutes
E 4.0 minutes

F 5.2 minutes

The initial mass of Y is 20 g and its final mass is 50 g, which means that 30 g of X decayed into Y.
Therefore, the initial mass of X is 30 g.

After one half-life, one half of X. i.e. 15 g, decayed into Y.
This means there are 20 + 15 = 35 g of Y after one half-life.

Reading off the values from the graph, there is 35 g of Y after 2 min, so the half-life is 2 min.
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35 A piece of metal of mass 50g is at thermal equilibrium in a hot liquid at temperature T.

The metal is removed from the liquid and immediately placed in 100 g of water that is at 20 °C.

The water is stirred and reaches a final temperature of 26 °C.

material specific heat capacity /| Jkg™ °C™
hot liquid 2000

metal 350

water 4200

What is the temperature T of the hot liquid?

(Assume that heat transfers to or from the surroundings are negligible.)

A 38°C
B 51°C
C 150°C
@ 170°C
E 480°C

Heat lost by metal = heat received by water.

\Mh" Cy- ﬁT\N = V\}\wc\x/ BT\XI

D05 350+ (T- 263701 k200~ (26-20

T = 130 "

NSAA 2022 Section 1 Page 23


http://my-academics.com/pat

Visit my-academics.com/nsaa for more notes and online private tutoring.

36 Abar magnet is placed at position X close to one end of a coil and on the axis of the coil as
shown.

The graph shows how the velocity of the magnet varies as it is then moved rapidly to position Y
and back to position X.

velocity away
from coil

------ ] : |
time

position X position Y

The magnetic field of the bar magnet still affects the coil when the magnet is at position Y.

Which graph represents how the induced voltage in the coil changes as the magnet moves?

A induced B induced
voltage voltage I\/‘
0 time 0| time

C induced @induced
voltage voltage K

0 time 0‘ N time

E induced induced
voltage M voltage ]/I
0‘ time | I/’J time

FALADAY' S AW

£-- % JL %%&L-B—ii: %'Q“:—%DJ\/

NS

WHepE |- Maeyer tevottt & Las=Men (T SWEEPs WHEN HOIING
by
£och D Exv

The induced voltage is proportional to B and v.
B drops quadratically away from the coil (Bio-Savart law), and v is constant.

Therefore, the magitude of induced voltage decreases quadratically when the magnet is moving away
from the coil and increases quadratically when the magnet is approaching the coil.

Graphs E and D show such behavior. Since the induced voltage depends of v, when v switches the sign,
the voltage must also change the sign, which corresponds to Graph D.

Watch the video on my-academics.com/nsaa for a detailed explanation of Faraday's law.
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37 A small slider of mass 30g is at rest near the bottom of a frictionless slope and in contact with a
light uncompressed spring as shown.

spring slider

[diagram not to scale]
The spring is compressed by 5.0cm and the slider remains in contact with it.

The spring is released and causes the slider to rise up the slope to a maximum vertical height
of 20cm.

The slider is replaced with one of mass 20g.
The spring is now compressed by 15 cm, and the new slider remains in contact with it.
To what maximum vertical height does this new slider rise after it is released?

(the spring obeys Hooke's law; assume that air resistance is negligible)

A 40cm
B 60cm
Elastic energy = gravitational potential energy
C 90cm
/ 2 _
D 120cm 1VLAK‘ = W\\é Qj\(\
E 180cm
®2TOCm L\ QUM&O’\'[ 2-90.03-10- O,Z_ lr% N/
p = = 1

AK 0.05

4 pa
M 4 % Q/\ 27 Qﬂﬂﬁﬁl
48 - 045"

ga
Q/\ = M’— = :Q ij\
X Dtz § N -0.02-1D ‘
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A tall, smooth cylinder contains air at atmospheric pressure of 1.00 x 10°Pa. The density of the
air in the cylinder is 1.20kgm™.

A heavy piston is now placed in the top of the cylinder and allowed to fall slowly downwards,
compressing the air until the piston rests in equilibrium.

The mass of the piston is 50.0kg and its cross-sectional area is 0.0200 m?.

What is the density of the air in the cylinder when the piston rests in equilibrium?

(gravitational field strength = 10Nkg™"; assume that the air behaves as an ideal gas and that
the temperature remains constant)

A
B
C
D

E

F

-3
0.960kgm The piston exerts extra pressure on the gas due to its weight.
1.20kgm™ B

5910
1.25kgm™ AP: X: WES = D oa :QE D0O po\
1.28kgm™

1.50kgm™ \Dl:PﬁA%: 100 200 + 25000 = 135 Doy N

4.80kgm™

Ideal gas equation: F \J “ h FLT\

\/ - Eﬂ RI— N = number of molecules
E “Pc Na = Avogardro's constant.
m = total mass
USE W™= }\J" (M/l m1 = mass of one molecule
V= o
P = TN RT

P:‘Q‘W = peP

NKW‘l
St b
Sy
15000
8200000 L7 /l'w(j(w”
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There are two types of earthquake waves, called P-waves and S-waves.

When an earthquake occurs, both types of wave are produced at the same time and follow the
same path.

The P-waves travel outwards from the source at 5.0kms™" and the S-waves travel out at
3.0kms™.

A seismic monitoring station detects the P-waves 30 s before the S-waves.

How far have the waves travelled from the source of the earthquake to reach the seismic
monitoring station?

A 60km

B 90km t5:tf’+505

C 135k _
 sab

D 150km ¢

E 225km 5=Vs b

\/P‘EP: \[S{—/—5
Btpﬂ %(tPJrﬁD)

=) tﬁ)/’ LI/ES

S:V\o'tp: B bufs bDg= 2250
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A solid cuboid has a mass of 32kg and a density of 4.0gcm™.
Faces 1, 2 and 3 of the cuboid have different areas.

When the cuboid rests on one of these faces on a flat horizontal surface, the pressure on the
surface due to the cuboid is 1.6 Ncm™.

When it rests on another of these faces, the pressure on the surface due to the cuboid is
0.80Ncm™.

What is the pressure on the surface due to the cuboid when it rests on the third of these faces?

(gravitational field strength = 10Nkg™)

@ 0.40Ncm™ f A
B 1.2Ncm™ "
C 3.2Ncm™ =/ 7&7 —0
D 6.4Ncm™ 5 E
_2 9» \,Dp _ 2
E 8.0Ncm 4__ 4&,\]{0& - 1OOM
YR )] N 1
7Arl’ @%p{ml/ (-(’OO O
wm = §-V
M 200
=2\ = g = Thyles T 800 e
Let g, b, ¢ be the sides of the cuboid.
\f:&bc, U 8000
\/:A,\C 2D = — < s::I_I_DOM
- 20
Afﬁlb M ©

\f:abc, N 3000
Vrhyb = b= 7 koo 7 0o

A=oc
7&’5: brc -0 20 = 890 car

10 N
S ’M:Ou\”m

—_

gb fra, KOO
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