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H3 A-Level 2020_Suggested Solutions
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(@)

(i) | By Principle of Conservation of Linear Momentum,
Zp, =2p

0=MyVp, My, - ra= M AU _ 1
RafRa el Ty m 228u 57

a Ra

(i)

1 2
KEp, o2 MraVRa 228y ( 1 jz 1

KE 1, 4u \57

“ > m.v,

(b)

Total KE = 4.08 x 10° x 1.60 x 1026 J

Total KE = KE,,, +KE, =——~ +KE, = 2OKE,
7 KE, 57

KE, = (%j4.08 x10°x1.60x107*° J

2(1.60><10‘19)

Given that = - 4.81x10” C kgt —>m =——————~ kg
m, 4.81x10
2[ 271 4.08x10° x1.60x10*
1, 2 KE 58
KE,=—myV, -V, = “ =
2 m, 2(1.60x107°)

4.81x10’

_ |57 4.08x10°)(4.81x107) =1.39x10" ms™
58
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(@)

Let t be the time that the ball remains on the circular plate.

Horizontal displacement = x = 0.50t
. . .1 . 2
Vertical displacement =y = E(g sin 30)t

X2+y2=l‘2

(0.50t)" + (%(g sin30)t2j2 =(0.20)°

Solving the quadratic equation yields t> = 0.06337.

As aresult,t=0.252 s.

(b)

Net force acting on the rolling ball:

I:net = maCM
: ing — )
mgsind -F =ma,,, — a., =%€F
Net torque on the rolling ball:
Ay Fr’ Fr? 5F
r=Fr=lya=ly——>a,y=—= =— (2)
r lewm :mrz 2m

Equating (1) and (2), we obtain

:mgsme—F :E_)FZngsme

M m 2m 7

Now, we substitute F into (2)

=35ms>

_5F 5 2mgsing _5gsin30
“2m 2m 7 7

(c)

2
Moment of inertia for solid cylinder about its central axis is

2 2
Rotational Kinetic Energy = %ICM@2 = % M2R {%J = %480(1.84)2 =0.068 J
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(a) | Take top to bottom. 9.2 cm: 460 V. Therefore Y-gain = 50 V cm™™.

8.0 cm: 2T = 0.040 s. Therefore time-base = 5.0 x 10% s cm™.

(b) | ()

maximum
current

current

(i) |V, =0.130x1500 =195 V

t
V =Ve k¢

Att=05T =001s, » =12
Vv, 230

195 —e 126%1c

230

C=404 uF

(iii) | Total capacitance will drop, time constant will drop and the discharge is more rapid.
Current will drop to under 130 mA in 0.01 s and the component is more likely to

malfunction.
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@ | () | Unitsforw kg m?s?

: =kgm?* A's?®
Units for q As

(i) Cd Q

&y :T andC:\7

As
Fm_Fm_( Ag m? A™ 3'3)m (As)m

— :A2 S4 k -1 m>3
m>  m’ m? kgm* A*s?® g

Units for g, =

(b) | Vernier caliper is used to measure diameter, because the measurement was stated to
0.01 cm.

Micrometer screw gauge is used to measure separation, because the measurement was stated to 0.01

mm.
© [0 | £A
If V reaches breakdown Vs, charged accumulated is g, =CV, = TVb :
T
Since =|—,
dp N
T &A
| —=2-V,
N d
. ITd
Rearranging, V, =
Neg,A
(i) 4.0x107°(12x60+14)(5.42x10°°
v, -Td__ ( ) ) 271010 v
N&A 200(8.85><1012)(Z><O.0652)
(iif) | Itis necessary to ionize the molecules in the air for an electrical current to flow. No molecules
in vacuum, hence no current/breakdown.
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@) | () In the time taken for light to make the round trip, the cogwheel must advance by 0.5/720 of a
revolution.
205
c 720
2052z
c 720 o
1440wL
C=
Vi
W | (3.15x10° x107) = 1440 (8860)
T
w,=77.6 rad s™
(ii1) | @,,3m,,50,
COMMENT: The wheel must advance by 0.5/720 revolution, 1.5/720 revolutions, 2.5/720
revolutions, and so on
(iv) | By averaging or otherwise, random errors can be reduced and a more accurate value for ¢
can be obtained.
COMMENT: There may also be merit in going for the 2" or 3" blocking of light if the teeth
and notches are not of equal length.
(b) 2L _05,
c 18

2(88.6) _0.527
3.00x10° 18 w

®=295,485rad s
=295,485 + 27 x 60
=2.82x10° rpm

()| () xd? 1 ,72D* 7d? 1 zD?  7d? T2, 42
2 U )Tt =g )
@ | mass= oV = (2.7)[%(6.02 +5.5%)](0.2) =14 g
(iii) | Smaller value.

This approximation moved some mass nearer to the C.G. than they actually are.
The nearer the mass is to the C.G., the smaller its contribution to the moment of inertia.
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M) | Moment of inertia, 1 = % MR? = %(0.014)(0'0;375)2 _5.786x10° kg m?
. 1., 1 . 27,
Rotational KE, E = Elw = 5(5.786 x107)(15000 x %) =7.138 ]
VI = rate of increase of rotational KE
(9.0l = 7.138
4.2
1=0.189 A
(v) | Some power may be lost dues to friction in the axle of the wheel.

OR
The calculation assumes the rotational KE was increased at a constant rate.
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(@)

0)

Surface charge density o = charge per unit area
Hence Q = ¢ (nR?)
oo Q
47R

(i)

Assume the circular thin disc to be an infinitely large uniformly charged circular sheet and by
symmetry we say that the field at 'z' is a uniform outgoing field E; and solve it by taking a
gaussian cylinder with the top and bottom above and below the disc with z < R.

Sheet of charge ————fn

A’ | , R, 4 _A
- . E —_— E
E 3 B e <

Gaussian

cylinder
Charge per Side view
unit area ¢

|V

)

Applying Gauss’s Law, let electric field at position (0,0,z) be E;
$E, dA = Q

&

EZcJSdAza—A

&

2AE, = 2=

&

1

E=2- 270 (
2¢

z

)

; 4re,

=27ko

where k =(i) =9.0x10° kg m*C™
A

[o]

Comment: All necessary steps must be shown since this is a “show” question. It is necessary
to include a diagram with the Gaussian surface drawn with the E field lines drawn

(i)

since E = —d—V
dr

let V, be the electric potential at (0,0,z),
V,=-[ Edr=-Ez
0

Comment: The minus sign should not be omitted as it signifies the relationship between V and
E.
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(b) | ()

el <

cos 0 = ———
z, Vz2+r2

Consider infinitesimal charge element dq = o722 and dE, = dE cos0
let E, be the electric field at (0,0,z),

kdq 1
dE, = ———=—=—co0s6d wherek =
(NZ? +r?)? 4re,
dE. — kdg z
’ (\/ZZ +r2) N
dE, - kzdq :
(2% +r?)2
R R kzdq
.[o dEZ :J‘o 3
(22 +r?)2
E, - J-OR k20(27zrd3r) _ ﬂkazj: 2rdr i
(22 +r?)2 (22 +r?)?
let u=2z%+r?du=2rdr
2 +R?
2,R2 1
E, :7zk0'z.|‘z2 " d—us: ﬂ-kazu 2

2

3 1
O |

=27zkazF— ! }: 9 {1— z }(shown)
z J22+R?] 2&| Z2+R?
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(i)

When z <R, z? +R?~ R?

o Z o V4
E = 1- - 1-
’ 250[ 72 +R2} 28([ \/RZ}

_ i[l_i} ~ % [1-0]-Z
2¢, Rl 2¢, 2¢,

Comment: The simplification of the expression and the approximation to be made must be
clearly shown in the working.

(i)

When z >R, Eﬁl

Z
o VA o VA
E = 1- = 1-
’ 2%[ \/22+R2} 2¢ R2
2?1+ —
Z
:20' 1- Z : :20' 1- 1 :
80 80
L) = T
z Z
z20' 1- 1 : zza 1- 1 :
g g =
0 R o 2|2
1+ — R
=20' 1- 1 =20' 1- :
£ = g
| ] BT
1+ — 2( z
y4 L J
-2 1_1}:0
2¢, 1

Comment: The binomial expansion must be used in the simplification of the expression.
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(iv)

When z <R, E, -9

2¢,

The electric field at (0.0.z) is independent of z, equivalent to the case for an infinite charged
sheet, the electric field lines are parallel lines emerging from the surface and constant
everywhere (R is ).

Whenz >R, E, =0.The electric field at (0,0,z) of the disc is equivalent to the electric field of
a point charge when R = 0.

Comment: Comments on the physical significance and recognition of the common scenarios
that led to the expressions are expected.

10
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(@)

0)

(Because of symmetry, the gravitational effect due to the Earth is equivalent to that of the
same mass placed at the Earth’s centre of mass.)

At the equator, the person will be farther from the Earth’s centre of mass. By Newton'’s
Universal Law of Gravity, the gravitational force on the person will be smaller. Hence, the
person’s measured weight will be smaller at the equator.

(i)

At the equator, part of the gravitational force provides the centripetal force to keep the person
in rotation about the Earth’s axis. Hence, the normal contact force on the weighing scale will
be smaller and the measured weight will be smaller at the equator

(b)

At the North Pole, the measured weight is the person’s true weight. Hence,

m=%=75=790kg.
g 981

The Earth moves about its own axis at a period of 24 hours = 24 x 3600 = 86 400 s.

The difference at the equator is due to the centripetal force. Hence, the difference is

_ 2 _ 21 2 _ 27 2 3\ _
Fo=maw?r=m (?) r = (79.0) (m) (6380 x 103) = 2.67 N.

(i)

For the person to be apparently weightless at the equator, the gravitational force there would
give a centripetal acceleration equal to g = 9.81 m s2.

F,=F

2 2m\*
g=a.= w*'r= (T) r
Plugging in g =9.81 m s? and r = 6380 x 10° m, we obtain

T = 5067 s =1.41 hours.

()

0)

Principle of Conservation of Angular Momentum states that when the net external torque acting
on a system about a point is zero, the total angular momentum of the system about that point
is constant.

(ii)

When ice-skater pulls in her arms to chest, her moment of inertia decreases.

By PCAM, total angular momentum of her about her centre of mass is constant, thus, her
angular velocity will increase.

(i)

By PCAM ,
Moment of inertia of disc X final angular velocity = Moment of inertia of sphere X initial angular
velocity
Mr;  2Mr?
2T, 5T,
And by volume of disc = volume of sphere

11
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1 3
By solving the above 2 eqgns,
6hT, 5T,
h=2Nh
3T,
(iv) 2 3
Total mass = hr, 7 _ 47ty
3
r.1 2 2
By h=§—>r2 =A4r,
For weightlessness to occur, gravitational force < centripetal force
GM 2
2 <1,
2
GI;/I < r24zr2
I’2 T2
T2 < r)4n? _ 32r’7?
27 GM GM
(v) | T, should be less than 5067 s.
T2 < 327} _ 327%r} _ 327%r}
27 GM  GpV,,. Gparth
T2 < 327} _ 327%r} _ 32z _24x
, <
Gpﬁﬂrth GpﬂﬁrfT—zr—l G 4 Gp
5°T, 5°T,3 3
TZ < 24n >T,=14317 s
6.67x107*(5510)
Since T, >5067 s, the person does not feel weightlessness.
(vi) | The squared of distances between the particles of disc and the point A is larger than before,

meaning the effective squared of distance between the centre of mass of the disc and the point
A increases. Since the gravitational field strength is inversely proportional to the effective
squared of distance between the centre of mass of disc and the point A, it will be smaller too.

12
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(@)

An inertial reference frame is a frame that moves at a constant velocity and has no acceleration.

Newton’s laws are obeyed in inertial frames of reference.

(b)

The total momentum of a system is zero in zero-momentum frame (centre of mass frame).

In this frame, the velocities of a system of particles simply change directions while keeping their
speeds (magnitude) the same after elastic collisions

(c)

()& | Choose rightwards as positive.
(ii)
v, : speed of m after the elastic collision
V., - speed of 5m after the collision

By PCOLM, mv +5m(0) =mv,, +5mv,,, --(1)
By RSOA=RSOS, v-0=v,, -V, --(2)

Solving (1) and (2), we obtain v, = —% andv,,, = %

The negative sign indicates the mass m moves towards left after the collision.

Method II: Zero-momentum frame, aka centre of mass frame (CM)
Here are some notations which will be repeatedly used in this frame

Ug - Speed of Earth frame in CM frame
Uy e - Speed of CM frame in Earth frame

_mv+5m(0) v

u =
CME m +5m 6

We can also write U o, = ——

Using Galilean transformations,

For mass m,

Upom =Une +Ugcy =V _%: %’ (speed of mass m before the collision in CM frame)

Vioom - (speed of mass m after the collision in CM frame)
: 6

2v L
Vie =View —Uecw = v —(—xj =-3 (speed of mass m after the collision in Earth frame)

6 6

For mass 5m,

Usmem =Usme +Ug ey =0 —% = —% (speed of mass 5m before the collision in CM frame)
Vemem =% (speed of mass 5m after the collision in CM frame)

Vome =Vemenm —Ueem = % —(—%j :% (speed of mass 5m after the collision in Earth frame)

13
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(iii)

Let’s label the 5m mass on the right as Object A and the same mass (5m) on the left as
Object B.

2" elastic collision between mass m and Object B (mass 5m):

V,.ona - SPeed of m after the 2" elastic collision
Vo - SPeed of 5m (object B) after the collision

By PCOLM, m (— Z?Vj +5m(0) =mv,, +5mvg_ . --(1)

2v

By RSOA =RSOS, -~ ~0=Vy,; -V —(2)

5mB ~ Vm

2v

4v
=+?and Vomg = e

Solving (1) and (2), we obtain v

m,2nd

The negative sign indicates the mass 5m (object B) moves towards left after the collision and
the mass m moves toward right.

Since v

Object A =

mond = +%V >V % (from (c)(ii)) , the third collision will take place between mass

m and Object A (5m).
3" elastic collision between mass m and Object A (mass 5m)

Vi - SPEEd of m after the 3" elastic collision

Vs - SPEed of 5m (object A) after the collision

5m(A
4y \Y
By PCOLM, m +? +5m 3 =MV, 59 +5MVg 0 (1)

By RSOA = RSOS, +4?V _% :V5m(/-\) ~ Vi3 "_(2)

10v
+

Solving (1) and (2), we obtain v sm(A) = 7

= +7—V and v
m,3rd 27

We know that after the 2" collision, the Object B (mass 5m) is moving left with a speed of
2v/9. After the 3" collision, the mass m continues to move right with a speed of 7v/27. Since
both travel in opposite directions, there will not be a 4™ collision between m and 5m (object B).

Method II: Zero-momentum frame, aka centre of mass frame (CM)

2"d elastic collision between mass m and Object B (mass 5m):

m (—Zgjv +5m(0) )

u = =——
m +5m 9

CM.E

14
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Using Galilean transformations,
For mass m,

—£+ v_ —‘%V (speed of mass m before the 2nd collision in CM frame)

u =u tUgey = 3 9

mCM — YmE

= %’ (speed of mass m after the 2nd collision in CM frame)

—Ugey = v —[+!j _4v (speed of mass m after the 2nd collision in Earth frame)
' 9 9) 9

m,CM

For Object B (mass 5m)

Usmesycm = Usmeeye +Ugem =0+ % =% (speed of Object B (5m) before the collision in CM frame)

Vome)cm = —é (speed of Object B (5m) after the collision in CM frame)

Vomee =V +u =Y f(+!j = f%/ (speed of Object B (5m) after the collision in Earth frame)

5m(B),CM E.CM 9 9

Since v, ,q = +4EV >V opiect A :% (from (c)(ii)) , the third collision will take place between mass

m and Object A (5m).

3'd elastic collision between mass m and Object A (mass 5m):

m (‘g’]v + 5m(%) i

u _ N 19v y 3 19v
CME m +5m 54 ECM ™ B4

Using Galilean transformations,
For mass m,

Upow =Une TUgen = %’—% :% (speed of mass m before the 3rd collision in CM frame)

View = v (speed of mass m after the 3rd collision in CM frame)
’ 5

=V (speed of mass m after the 3rd collision in Earth frame)

m,CM

ST -\ A B\ A
ECM B4 54 ) 27

We know that after the 2" collision, the Object B (mass 5m) is moving left with a speed of
2v/9. After the 3" collision, the mass m continues to move right with a speed of 7v/27. Since
both travel in opposite directions, there will not be a 4™ collision between m and 5m (object B).

(iv) 1, 1_(wY
2™ T2Mar
% of loss in KE of mass m = 93.3%
1 >
—mv
2
(d) | (i) | The ball 5 rolls down and it gains large KE mainly from the work done by the strong attractive

force from the magnet but gains little KE from loss in GPE. The magnetic force is inversely
related to the distance between ball and the magnet. Hence, the ball 5 will have a high
momentum and energy just before colliding with the magnet.

15
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When it collides with the magnet, the momentum and energy of ball 5 will be transferred to ball
4. The balls have identical masses, and any collision among them is elastic. After a few
collisions among ball-bearings 4,3, 2 and 1, the momentum and energy of ball 5 will eventually
be transferred to the ball 1 which moves at a high speed.

(ii)

The ball 5 rolls down and it gains KE mainly from the work done by the strong attractive force
from the magnet.

The magnetic force is inversely related to the distance between ball and the magnet.

The gain in KE and the work done by magnetic force will be smaller since the average force is
smaller for the same distance travelled in Fig. 8.4 ad 8.5.

Thus, the ball 1 will have this smaller KE and will move off with a smaller speed.

16




