EUNOIA JUNIOR COLLEGE, NAN YANG JUNIOR COLLEGE
JC2 Preliminary Examination 2024

'q1 :9 General Certificate of Education Advanced Level

Higher 3

H3 PHYSICS (9814) Paper 1
SUGGESTED SOLUTIONS

Question | Suggested Solution Marks

1(a) Loss in GPE = Gain in KE

mgR(1 —cos@)=%mv2 =V =./2gR(1-cos9)

1(b)

Using expressions in (a),

V2
m—=2mg(1-cosf
5 9( )

In order for the normal force on the beads to be radially inward, the
centripetal force required (shown above) must exceed the radial
component of weight.
Thus,
2mg(1-cos6) > mg cosfo
2>3cos0

cosG<g
3
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1(c)

Let the normal force be N.

By Newton’s 2™ Law,
2

F =N+mgcos(9=m%

centripetal

2
= N-= mVE —mgcosh =2mg(1-cos8)— mgcosO = mg(2-3cosh)

This normal force (hoop on beads) is radially inwards (when the beads
are moving fast). By Newton’s 3™ Law, the beads exert on the hoop a
normal force radially outwards of the same magnitude.

The sum of the upward components of N from the two beads is

N,.. =2Ncos6 = mg(4cos6 —6cos’ 0)

If this vertical force on the hoop is greater than the weight of the hoop,
the hoop will be lifted off the ground. Thus, we require

N, = 2N cos6 = mg(4cos6 —6cos’ 0) < Mg
m 1

= —<
M~ 4cos6 —6cos’ 0

To find the maximum value of the denominator,

(%(4cos@—6c0329)=—4sin9 +12cos6Osinf =0 = cosh =%

4cosh —6cos’0 =

wl s
|
oo
WIN

Hence, at its maximum,

3
2,

, which implies
m
—<
M

m_3
The maximum value of the ratio isthen M 2 |

Note: Initially, the beads move slowly, the required centripetal force (o<
v?) is small. The radial component of weight (= mgcos6) is more than
enough to supply the centripetal force. Hence, the normal force is radially
outwards, and mgcos@ - N is the centripetal force. As the beads speed
up, the centripetal force required exceeds mgcos@ (which decreases with
6). The normal force will then be radially inwards, such that mgcos6+ N
is the centripetal force. Since the hoop exerts on the beads an inward
normal force, by Newton's 3" Law, the beads exert on the hoop and
outward normal force, which has an upward component. If this upward
force component is greater than the weight of the hoop, the hoop will be
lifted off the ground.
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2(a)

Let the compression of the springat A, O andB be

X, X and x, respectively.
> Momentsabout O
(kx, )L = (dkx; )L

X, =4x; ---(1)

Zl\lloments about A :
Mgl = (2kXo L+ (4kXB W(2L)
2kx, =Mg —8kx, ---(2)

Since the beamisrigid, from similar triangles:

Xo =X =XA —Xp
L 2L
2X, =X, +Xg

From(1):2x, =4x, +x;, = X, =ng

From(2): 2k ng] = Mg —8kx,

_Mg . 4Mg

Solving: x, = C X, =—
9 X T3k AT q3k

N _ SMg
° 26k
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2(b)

As uthrust is constant whenimmersedin the fluid (from 4.0 t0 6.0 cm)
WD = Areaunder graph + (2.0 x 10?)(max upthrust)

against upthrust

= 5(2.0)(4.0x10%)+(2.0x10%)(2.0)
= 0.080J

energy storedin spring = %kx2 = %(60)(0.06)2 =0.108J

Loss in GPE = GaininKE + energy storedin spring+ WD

6.0)0.08) = [ 22 1,2 ., 0,108+ 0.080
2| 9.81

against upthrust

v=0.75ms"’

3(a)(i)

So that there is a net pressure and thus a net force pointing to the right

to provide the centripetal force.

3(a)(ii)

Let the depth be p.andthe density be
Area=(8tan )

1 5 x tané l\\
Mass of water = E'O(X tan 8)z

X

— _ 1 2 2
Average force = average pressure x area = Epgx ztan“ 6

Since average force provides for centripetal force,

%pgxzz tan® 8 = mrw?
1 2 2 1 2 2
Epgx ztan“ B = E'O(X tan9)z |rw

2
tan9=w—
g9

2
s.@=tan’ [w_]
g
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3(b)(i)

At 30°

6=30°= 30 21 =0.524rad
360

Using 6 = 0.15¢?,

t=\/ 0 =\/0'524 =1.869s
0.15 0.15

Note: w = @ =0.30¢
dt

Wangential =r :(09 -0#12 2)(030 )
=[0.9-0.12(1.869)][0.30(1.869)]
=0.270ms""

3(b)(ii)

9 _ _0.04¢

Vradial = dt
=-0.24(1.869)
=-0.449ms™’

3(b)(iii)

[ 2 2
V= \/Vradial + Vtan gential

= J(-0.449 + (0.270)
=0.524ms™

4(a)

The first law of thermodynamics states that the increase in internal
energy of a system is equal to the sum of the heat supplied to the system

and the work done on the system.

4(b)(i)

From the First Law of Thermodynamics, AU =Q+W

For the isothermal process A to B, AU=0

S W =—Q4
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4(b)(ii)

From the First Law of Thermodynamics, AU =Q+W

For the adiabatic process B to C, Q=0
W = AU,

similarly, Wou = AU,

But since AT is the same, AU, =—-AU,,
- W =-Wo,

4(c)(i)

Work done on the steam from Ato B is =
VB
W, =- jVA pdV
=-nRT, J.‘:/B % dV  (using the ideal gas equation pV = nRT)

=nRT,In (ﬁj
VB

Similarly, the work done on the steam from Cto D is =

74
W., =-nRT.In| 2
p—

C
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4(c)(ii) work output W

= thermal energy input - Q,

For one complete Carnot cycle, the net work done on the steam is

W= WABCD where WABCD = WAB + Wac + WCD + WDA
=Wy +Weo
=-Qy+Q
.". the net work done by the steam is = Q- Qe
. T’ — m — QH - QC
max QH QH
&
Q,
=1- WCD
WAB
nRT, In[vcj
=1- D
nRT,In [VB]
A

For the adiabatic processes B to C and D to A,

TV =T V" =k,

TV =TV =k,

Ve ToVe
TV ToW

But a=Te and e=To
VB); = Vci - ﬁ = ﬁ
VA VD A VD
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T. In(vC

VD
Mmax =1 T v T
T, In(—B] 4

VA

Hence,

5(a)

h
=mv - —

h
Conservation of momentum: 4

hc 1 , hc
=—mv- +

Conservation of energy: 4 2

5(b)(i)

Rearranging the above equations:

—4+—=mv ... 1
X (1)
h h mv?

——— = ... (2)
A A 2c

(1)+(2) to eliminate A, and rearranging:

mv? +2mcv—4%:

Solving the quadratic equation for v:

-2mc + \/4m202 +16 hr;c

VvV =
2m

-2mc - \/4m202 +16 fhme

or

=.‘/cz+4£—c

(rejected since v > 0)
2m

5(b)(ii)

mi
v:,(cz+4£—c:c /1+4L—c
mA mAic

-34
h~10%,m~1 c~10° and 2 ~107,— ~ 10
Since mCl 10

V=C"1+4L—Czc 1+2L —c=2L
mAc mic mA

=107 << 1
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5(b)(iii)

hc 1, hc
= v+
Al

Conservation of energy: % 2
Rearranging,

At m? 1 m(,h Y A, h

A A 2hc A 2hc\ mA A mcAi
, 1

31—4#’&

1-2——
mcA

=~ (1+2LJ1
mcAi

6(a)(i)

weight must be larger than tension

tension

\ 4
weight of yo-yo = Mg
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6(a)(ii)

Let 7 be the tensionin string.

Apply Newton's Second Law in both its translational
and rotational forms:

ZF=Mg—T=Ma ---(1)

ZT:Trzloc ---(2)

Sub (2) into (1)

Mg—ITo‘zMa---(s)

Using a =ra into (3),
I{a
Mg-=|Z|=Ma
e
Mgr? —Ia = Mar?
Mr?
Mr?+1

a=g

6(b)(i)

M= =(8400)[27(0.036)*(8.0x107°)] =0.547210

= %MR2 = %(0.54721 0)(0.036)2 =3.55x 107 kgm?

6(b)(ii)

Mr? 0.547210(3.2x10°°)’

=(9.81 =0.1526
Mr? + 1 (989

a=g >
0.547210(3.2><1o-3) +3.55x10™
T =Mg - Ma

= 0.547210(9.81-0.1526)

=5.3N

6(c)

WD = gaininrotational KE

by tension

1
T=wl( >- 2
£ ( 5)

;-

2
5.285x1.2= +(3.55x10*)| w? | — 2
2 0.0032

w, =480rads™

9814/2024NYEJPrelims/Suggested Solution




| Question | Suggested Solution

| Marks |

7(a)(i)

An inertial frame of reference refers to one in which Newton’s first law of
motion is valid.

The frame is either at rest or moving at a constant velocity.

7(a)(ii)

The velocity of P as observed by Q and

JAVAVA A} WM JAVA'N)

is given by the vector equation Voo =Vo =Vo
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7(b)(i)

Correct direction of vector diagram and ¢ < 8 correctly labelled.

7(b)(ii)

From vector diagramin (b)(i),

i 2 2 2
Vgp =Vo =V and  vg, =Vg +Vg
De
+——
0
Po- X"~ 7oA

Dq
.. 0
v.." /‘_:
Q, )'< v

Using Pythagoras' Theorem on diagram above,

Let N be the foot of perpendicular of point By onv,

P,N will be the shortest distance between car Pand Q =P,Q, sin(9 -
Using sin(A - B) = sin(A)cos(B) - cos(A)sin(B),

PN = B2+ D2 [sin( )@s(¢)-cos( )sin(4)]
- e e )

_ Dvy—Dyv,

VQP

= M (shown)

2 2
1{VP+VQ
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7(b)(iii)
Let f be the time at which the distance between the cars
is the shortest.

_ QON

VQP

_R,Q,cos (9 - (;5)
v

t

QP

_ M :cos (9)cos (q’)) +sin (Q)Sin (qﬁ)}

VQP

o[ o, Yv) [ o (v

= +
v 2 2 v 2 2 v
o> |\ yDr + Dy )\ Ver D +DZ |\Ver
_ Dy, +D.v,
2
Var
_Dyvg +Dpv,
2 2
Ve, +Vg
7(c)(i) o o
An elastic collision is one in which the total kinetic energy of the system
of colliding bodies is conserved before and after the collision.
7(c)(ii)
CM: (0.600)(5.0) + (0.400)(0.0) _ 5 o - 4
0.600+ 0.400
Using CM frame of reference,
Uy =Uy, — Vg, =50-30=20ms""
U, =U, Vg, =0.00-30=-30ms"
Since 2D collision, to conserve momentum and KE, )
[Vu|=|tw|=2.0ms™ and |v\|=|u\|=3.0ms" —
Viy v
To conserve KE: > KE, = > KE, Vi )
1 2 1 2 1 2
5(0.600)(5.0) 75(0.600)(3.0) +5(0.400)(VN) -~
v, =4.90ms”’
Using vector equations : v,, =v/, + v, to obtain the vector triangle and using cosine rule,
M0? = (3.0)% + (3.0)* — 2(3.0)(3.0) cos(
a=389°
Using vector equations : v, = v, + v, to obtain the vector triangle and using cosine rule,
B)0? = (4.90)% + (3.0)° - 2(4.90)(3.0)cos(
B=35.2°
7(c)(iii) a will take on a smaller value.
vy Will take on a smaller value because v, will have a magnitude closer
to vy. Hence, using cosine rule, a will take on a smaller value.
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8(a) At P :

Flux density due to conductor with full solid circular cross-section:

2 Bsotia
= A
Bsolid(znr) - lJ‘OI(T[CL ) Brower
‘ f Bupper
_ w@)
solid 2r

The horizontal components of B and B cancels off and
lower upper
hence we only need to consider vertical components.

Flux density at P due to the conductor with odd shaped
cross-section:

odd . upper lower

Bodd = uojz(raz) 2 MEZL cos cos © where
21tﬂ(r2+a7)

I
k=
X
—
Q
N
~
I
N
—_ .

W) o) e )i (w
21T(r2+a72) 2r 8(r2+aTz) 2r (4r2

8= g (3 = (i ) = (555 - w2

Current through the odd shaped cross-section, I = ]( = )

=

21 2 2 +d Hol 2 +d
Hence, B . = a =
odd lJ-O na’ 2r(4r2+a2) r ar’+d”

upwards.
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8(b)(i) M= NIA
=25x15x10°x0.054 x 0.085
=1.72x10° Am?
8(b)(ii) T=uB=1.72x10°%x0.35
=6.02x10*Nm
8(c)(i)1
£
R
8(c)(i)2
Ce
8(c)(ii)1 i
(c)(ii) LA a, g
dt C
Differentiating both sides with respect to t,
dii i d?i i
L— =0 —=-
dat© C dt LC
= a9 de =0
where  df and dt
8(c)(ii)2 i =i si
(c)ii) Differentiating i =iy sin(t +¢) with respect to t twice,
d?i 0. . i sin(ot + ¢) i
— == sin(wt =—0 - T
g =@ osin(@l+9) LC iCc
Hence, I =l sin(et + ) satisfies the differential equation.
8(c)(ii)3a At t = 0, the charge on the inductor is q(t=0)=Ce
Using the Kirchhoff's voltage law equation,
—Lﬂ—g‘f'g =Ojﬂ‘t:0 :1(8 _ Q(t 20)] :1(8 _EJZO
dt C dt L C L C
Thus,
di d. . . .
E'H’ = sin(ot + ¢) = wi, cos(ot +¢)|,_,= wi, cos¢ =0
=cos¢p=0
T
b==
Hence, 2
8(c)(ii)3b

i(t=0)=<
At t = 0, the current in the inductor is R
Thus,

e i e i ain(Ty
/(t—O)_R iy sin(¢) IOSIn(2) /0-
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8(c)(ii)4
To prevent the current from flowing in the opposite direction (hence the
discharging of the capacitor).
8(c)(ii)ba | Since the diode prevents the current flowing in the opposite direction
(which will lead to the discharging of the capacitor), only positive current
i =i, sin(ot + =) = i, cos(at)
needs to be considered. Since 2 , we consider
O<wt<X
2
Thus,
AQ =1j5iO cos(wt)d(wt) = 2 sin(wt)|z=2 = £ JLC
0 10) R ,
and
9 =q(t=0)+Aq=Ce + %\/LC
8(c)(ii)5b
g
o G Ce +E\/LC 1 [
potential difference=—"=——2> =g/ 1+— |—
C C R\NC
9(a) v = (vr rw) . (vr ru)) = vf + o where v o= %
ET= k.e. + g.p.e.
= %m(vi + rzooz) - GAZm
= %mvi + %mrzwz i
Since angular momentum, L = mrzw, w = Lz
mr
2 2
E. .= %m(%) + # - GMTm (shown)
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. 2
(b)) FromE = 4+mv’ + —— - 20 —_
T 2 r 2mr r
2
Lmvzz—E— L2+G[V[_m=0
2 r 2mr r
Multiplying throughout by - r? and rearranging terms gives
2
Er’ — GMmr + —— = 0
m
Solving for r gives
2 L
B GMm+A [(GMm) —4E(ﬁ) _ GMm GMm \2 JE
r= 2E =" T (ZE)_(ZmE)
eMm __ [remm\* (1
Tmm 2E ( 2E ) 2mE
_ GMm GMm \? L
rmax_ 2E +\/( 2E ) _(ZmE)
9(b)(ii) 2a=r__+r
min max
_ GMm _ GMm
- E = E= 2a
The total energy of P, E =—E
___ GMm
ET B 2a
= 2
9(b)(iii) FromU = —% __ GMm
eff 2mr r
dZeff — Lz3 + GMzm
T mr r
av, 0
dr
> GMm
3 2
mr r
L2
r = > =T (shown)
GMm 0
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9(c)

From Pythagoras theorem: (2a — p)2 = p2 + (SS')2

" _ GMm \? L’
Where SS =r —7 = 2\/( ) - (m)
w2 _ (GMm\? (21
(587" = () - (ﬁ)

2 2 _ 2 (eMm)\? (21
4da — 4ap +p =p +(Tm) _(W)

2 GMm \2 217
4q — (T) + (W) = 4ap

4a2—( GMm )Z+(27Lz)
p — E4a mE
( Gl‘ém )2_( cném )2+(727TL;)
2GMm
E

(2l o (—E_) = L
—\ mE 26Mm ) oym?

Since r,=

GMm
Hence p = T,

9(d)(i)

2 3
4 a

From Kepler's 3 law, T° = —

a =228 = 965.75 au = 1.448 625 x 10 m

3
4n’(1.448 625 x 10"

M = —11 2
6.67x10 " (15.2x365x24x3600)

M = 7.83x10°° kg

9(d)(ii)

From energy conservation,

1 2 GMm GMm
—mv — =—
2 r 2a
2 2GM GM
v = -
T a
-11 36 2 1
= (6.67x10" 'x7.83x10™) — — —
119.5%x1.50%x10 1.448 625 x 10

v’ = 5.47x10"

v =7.39x10°m s™.

|
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