Phase 2 Selection 2 Marking
Physics Enhancement Programme 2016-2017

1 Department of Physics, Hong Kong Baptist University
(a)
PV =nkT

_PV _ (101325)(0.002) oadK

nk (0.1x6.02x107f1.38x10° %)

[ Equation: 1 mark; Substitution of numeric values: 0.5 Mark; Answer: 0.5 Mark ]

(b)
ny _ exp(_ —EZ _ El)
n, KT
| N2 |- BB
n, KT

Method #1: x-y graph with linear regression equation to find the slope. The best method, which
deserves the highest mark.

[ 2 Marks ]

Energy (eV Population E(i+1) - E1 In [n(i+1)/n1] . .
£1 3.01E02  0.081 E2andEl| 8.60E-03| 1008664 e 4 Data points on graph: 0.5 Mark Each, Subtotal
E2 2.15E6-02  0.085 E3and E1 1.72E-02 2.004092 =2 Marks
E3 1.29E-02 0.23 E4 and E1 2.58E-02 3.011733 .
[ ] —_ —_ .
E4 4.30E-03 0.63 ESandE1 2.99E-02 3.443309 Correct Plot In(n/n:) against ~(E. — E1): 2 Marks
ES 2.00E-04 0.97 e Linear regression line: 1 Mark

e Slope=112-118 (eV)™: 2 Marks;
y=114.5¢ + 0.0258 Slope=109-121 (eV)*: 1 Mark;
” e P Zero mark otherwise.
; e e Axis Titles: 1 Mark
e Axis Labels: 1 Mark
e x-y Graph > 70% area of graph paper: 1 Mark;
> 50% area of graph paper: 0.5 Mark.
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In [n(i+1)/n{1)]
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5.00E-03 1.00E-02 1.50E-02 2.00E-02 2.50E-02 3.00E-02 3.50E-02

-[ E(i+1) - E(1) ]

Slope = 114.9 (eV)!

1.6x107%° Numeric Substitution: 0.5 Mark;
.0 X .
T 1149x1.38x10 7 eV to J: 1 Mark
. . Answer: 1 Mark
=100.9K

Method #2: Get the mean value of temperatures using the given n; and n, populations.

Calculation of mean temperature: 2 Marks
Numeric Substitution: 0.5 Mark

eV toJ: 1 Mark

Answer: 1 Mark
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(c) (i) and (ii)
d_Q T ds

dt dt [ 2 Marks ]
T dQ/dt
ds/dt
. y =-2.30E-06x* + 3. 40E-03x + 2.00E+00
- R!=9.97E-01 .o.
— 3 _..-.-...I N
% 28 .
:;J 26 o
2.4 .
2.2
o0 100 200 300 400 500 600 700 B0OD 900
Time (s)
S =-2.3x10"°t?+3.4x107°t+2 [ 2 Marks ]
ds 5 -3
E=—4.6><10 t+3.4x10 [ 1 Mark]
T2 4Q/dt _ 0.05 [1Mark]
dS/dt —4.6x10°t+3.4x10°°
(iii)
- 0.05 _455K  [1Mark]

(-4.6x10°)500)+3.4x107°
(iv)
Method #1

@ _ —4.6x10°t+3.4x10°% =0

dt
t=739s
Method #2: By observation on the 2" polynomial

t=739110s

(d)

Polyatomic

[ 1 Mark]

[ 2 Marks ]

e Data points on graph: 1 Mark
e Second-order curve: 1 Mark
e Axis Titles: 1 Mark
e Axis Labels: 1 Mark
e x-y Graph > 70% area of graph paper: 1 Mark;
> 50% area of graph paper: 0.5 Mark.

[ 1 Mark for dS/dt=0]

[ 1 Mark; Zero Mark otherwise ]




(e)
Thermal expansion = Sizes of both spheres increase.

CG of Sphere Arrises, but CG of Sphere B sinks. = Potential energy of Sphere A increases, but Sphere
B decreases.

According to the First Law of Thermodynamics, heat transferred to the spheres produces: i) increase
in internal energy; ii) small amount of work done in expanding against the atmospheric pressure;
and iii) change in gravitational potential energy.

Potential energy of Sphere A increases a small amount, while Sphere B decreases a small amount.
Sphere B: Decrease in potential energy contributes positively to the increase in its internal energy.
[ Internal Energy: 2 Marks; Potential Energy: 2 Marks ]
[ Kinetic Energy: Penalty -2 Marks, but t&¥al mark of this subquestion is zero ]

the minimum

Sphere B has the higher temperature.

[ 2 Marks given only if correctly answer i) higher temperature in Sphere B; and ii) Internal energy +
potential energy |
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2

L‘7‘> Take  2o00o PE‘TQA/\—\\

o r;j_ P b\\v:\— oW
the {sz\v&\xm P&T\a |
[ 1 Mark ] [ 1 Mark ] [ 1 Mark ]
ma (L= coen) = ml™ | 48\ & ma( L1 oxs)
d - = 7 2 \ dt_/ </ [ 1 Mark for e{ergy conservation

1atinn ]
oo

OOH.
coo Ty

ol = 2.9 ( (oo — (,n'-sﬁf_\\
Cat) = 4
AD = & | 29 (D -~ Cosly) [TMAK]
dt ~A L )
Considye  tho Wt Foma &=Bs  +, & =
(\cx suotel oF  reded ’T“\/
S [0.5 Mark ]
OS5 Vark 7 Vo
T = [ L l an
Jo A 29 oD — (B
N e B [ 1 Mark]
g Jo A Gee — 5,
) Cr®y = L~ 2 S (®)
\ 2!
— — " 5%,
T o= RLJF d&
aF Jo J[l—lsrnl{%g;[t—zqw(%\“
-~ 2| L (’ﬁo Jo- [ 2 Marks ] m
A rg s [ SV Do) — S| B\ ~—
' \ =) =)
sae = swfR) (Covgp of Wﬁuk[o)
Stn | 22)
QB‘S\Pd\-D = J{_‘(JBS%) de [1Mark]
?l\v\{gc\
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[ 1 Mark]

() ~_ Ces 1O :J_ S [B9) ~ sM{e)
s @) \‘3?"\ | D) St [ B
\'{" Y =7 { 2_}
°
dsnz (8o} — s B)
V72 \ 2/
%M‘(% - szl‘%) a0 - Ce&l\ % A8 [ 1 Mark]
<N \':A %o
e s
2 | S Be) — s 9) 4P = e [B) Jb
) -y { ' =]
S 4y = 2 | W) - R gQ &
d ——/ Z [2Marks] ——
s | B
V2
@ aud (‘E} [ 1 Mark]
AI:'" } 2 -,
T = 2 { L ( 14 S0 (—EIQ) — % ) A [ 1 Mark ]
V& U° o8 [ 00) — ol e
\ 2 a {2 v/
-z l v ['% > QD [2WMarks]
Ta Jo G (©) ﬂw%{%)\k
2.
T o~
BT I S AN
A F Jo [~ M S ‘jf‘Qg_} J “‘Srﬂa\D‘?\““f@o‘
— % ] LB&P: ‘1—M “-:PS %—Q
= w0 e ) Sone) st el 4y L2 Mark ]
% Jo L P \1} [ 2 Marks for applying Taylor series correctly ]
/}_LF‘L [> 7 ~ 1 9 q“u’-\pT o\k[')
\l g, )0 L = L{‘ [ 1 Mark for small angle approximation ]
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’" .(‘__ -ﬁ. 1 9;—7 [ 2 Marks for solving integral ]
L 2 vz ]

'(" [ 4 E:' [2 Marks ]

[
-\% Lg_.

T 2 2L & et 0



mhchan
Typewritten Text
[ 2 Marks for solving integral ]

mhchan
Typewritten Text
[ 2 Marks ]

mhchan
Typewritten Text
[ 1 Mark ]


K@\ & = ke dq = QQ S dw [1 Mark]
/ 29 ’
% X
E = {L+q k:6 2\_1(— [1Mark]
B -
-~ K < L [1Mark]
d( Lt d)
&U:\._ M ( L << c\) , E = kQQ [1 Mark ]
_ Q-
Lm\ob %a‘ (L>>a\) = = @ [1Mark]
4
) Teom () , L= kd (&= <0
A( L)
o“: = ko Q" CQ.\A [1 Mark]
= A Ltd)
. be®&f 4 Ax [1 Mark ]
L ‘Jd—L xCLew
. ke QO T L O [ Lxn \\fd [ 1 Mark ]
L L L VT }——IO\—L
= E&QLT — Nl Laal o %[ d \ |
2l L k = ) \ a—L
- \(PQ} QV\r a\l ‘] [1 Mark]
Lty L (a L) () )
= b® W[ _a- |
2 \ a1~ )
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(@) Let Av=0wm,xry —o, xr, be the linear velocity difference between A and B,

AV =|Av| = g (—1y ) — @41, = —(Tyw, + 1@, ) (N.B. 1i as scalars but @, vectors) [1]

Same material gives the same elastic deformation of teeth of the same size. The magnitude
of the degree of deformation of each teeth as a vector quantity is half of the relative change
in position of the teeth, so the rate of deformation is half of the relative velocity between A

and B, i.e.
.1 1
é, =§Av = _E(rBa’B +Ty0,)
e'B

. 1
-6, ZE(rBwB +10,)

[1]

Force acting on the tooth of wheel i, f; = —kej (i # j) , Where k is the force constant [0.5],

thus
. 1
f, =—Ek(I‘Ba)B +1,0,)
1 [1]
f, =§k(rBa)B +10,)
lio,=7,=r,xf, |, ==mr’, so
1mr,fa'jA = —%krA (AZEINN
1 .1
Emr,fa)B =Ek(—rB)(choB +1,0,)
or
M@, = ——(ra05 +1,0,)
m [0.5]
re@p = ——(Iy5 + 1,0,
(b) Method 1:
. k
r, —H(rBa)B+rAa)A)
. k
(NoR =—E(rBa)B +1,,)
k(1 2)ao) d (o
=S —— —_
mi2 1\, dt* \ o,
:>_£ L T e _ B2 7
m :—: 1\ ag ag
k , ko
_+ —_—
p mr, |(a,
Tk ok a )"
2 R g B
mr, m p

[1]

(Let @ = ae™)

(*) [1]
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_+ﬂ2 - B
" m fa 2K
det =0 = £ =0 (repeated) or +,|—i [1]
K h+,82 m
mr, m
B=0,(*)= 0!A+ia8=0 = ﬂ:__rB [1]
g g r,

ﬂ=i\/%,(*):>%=:—5 [1]

3 [Z’;E:;J=(C1+C2t)£_rr8j+(C3coswt+C4sinwt)[rsj, 0=

A Fa m

(%(0)}[ Oj = C,=C, =2 [0.5+05+05]
Wy (0) @, 2I’A

. o,(0)) (0
No pressing each otheratt=0= | | = = C,=C,=0[05+05+0.5]
@ (0)) \0
L, =a)°—r‘3(cosa)t -1)= _ 0l gz 2L
2r, r 2 [1]

t
o :%(coswt +1) =, cosz%

Method 2:

Physical argument:

1) The resulting angular velocities comprise a macroscopic steady angular velocity and a
microscopic oscillating term due to the elastic teeth pressing each other like a free-end
mass-spring system [1%] with both teeth at the ends, with a spring constant k and

effective (reduced) mass % [1°]

2) The macroscopic term satisfies the no-slipping condition, i.e. moving in phase. [0.5]

3) The oscillating term describes the teeth (wheels) moving anti-phase (same linear
amplitude) with each other (as one of the normal mode of the free-end mass-spring
system). [0.5%]

Then we have

wA(t)iC1R1+ R, (C, COSa)t+C4SI-n ot) | w:\/g [1°. 10 equ]
wg (t)=C.R, +R,(C,coswt +C, sin wt) m

R,@, _ “Ta®, N i

- (No slipping; A and B opposite rotation direction) [0.5° eqv]
Rla)B I’Ba)B RZ

A

Ry _ Ly = Rk [0.5° eqv] [1 for correct magnitude of ratio]
Riwg Ty R, 1,



t)=r, (—C, +C, cos et + C, sin ot
L On()=R(-CitCyeosat+Cysinat) - 12X 0.5 for implied C = 0]
t)=r,(C, +C;cosat +C,sin ot) m

)

B
0)=0
{ nl = C,=C, =22 [0.5 for solving I.C., 0.5 + 0.5 for ans]

wg (0) =, 2r,
. @,(0)=0 )
No pressing each otheratt=0= < . = C, =0 [0.5 for solving I.C., 0.5 for
@ (0)=0
ans]
W, :w"—rB(c:OSa)t—l)z—a)O—rBsinth
2r, r, 2 [1]

t
o =%(cosa}t +1) =, cosz%

(c) (1) We usually only observe the pure rotational motion [0.5] w, = _Dfe

A
(2) The steady state oscillation behavior implies oscillation at the transient state. [0.5]
Such oscillation behavior cannot be seen even at transient state as the frequency is too

high, i.e. k:? [05], E

0

sandpaper P12, with grit size ~2 mm, k ~ 10"; m ~ 1, s0 @ >10°. [1]

@
, Oy =7°. [0.5]

~10" Pa, I, ~107 and even using a coarsest medium like

steel

(3) In reality there is hysteretic effect and energy loss from the mass-spring system [0.5],
c.f. energy is conserved in this system (E,, = Z%(%mrﬁ}wﬁ = %(%mrszjwj ) [0.5].
Therefore there should be a general decay term with the oscillation, i.e.

,(t)=1,[-C, +e7*(C,cosat +C,sinat) |

) ) [1] which comes from some extra @, terms
g (t)=1,[C,+e 7 (Cscos 0t +C,sinat) |

i ot . . e, =—1(ro; +10
(and/or higher order derivatives) in the equations * 2( BB A A)
€ :%(rBwB + rAwA)

1]





