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i i i n a state of equilibrium.
Blank Page 1 a) Explain two conditions required for a body to bei q

by an inextensible bar of
b) Two smooth spheres M and M., both of mass 2.0 kg, are connected / r
: negligible masps lo forn: a rigid body. The spheres rest on smooth 45° inclines as shown In

Fig. 1.1.

45° M| M2 459

I

Fig. 1.1

() The system (2 spheres and the bar as one rigid body) Is in a state of equilibrium when the
bar is horizontal. Draw and label clearly the forces acting on the system in Fig 1.1.

2]

()  Calculate the contact force that the incline exerts on M,.

(€) Mzis now replaced by M,, a sphere with mass of 4 kg.

() Explain why the contact forces that the inclines exert on My and M must be equal in
magnitude, for the system to be in a state of equilibrium.
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() Explain why, for the s i
) ystem to be in a state of equilibrium, th ;
9 +the bar cannot be horizontel, 2 (a) Define gravitational field strength.
..................................................................................................................................................................................................................... (1]
.................................................................................................................... [2) (b) Consider a satellite of mass m, orbiting the Earth of mass Mg, in a circular path of radius r, with
. . iod of T.
(i) :‘esr::r'\ iSskfelch i‘n Flgf. 1.2 how the $ystem should be placed on the inclines s0 that the 2niorbltal perlod ol .
Y! in a state of equilibrium. (Label M, and M) (i) Write down an expression for the acceleration of the satellite in terms of Mg, rand G (the
(1 gravitational constant).
45 45°
)]
J ' (1) Show that T? is proportional to ~, and obtain an expression for the constant of
Fig. 1.2 proportionality.
L]
constant of proportionality = ........c.ccceeereeiieniiennns [3]
e P2/ 2017 1 JC2 Prelim
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ing i is attached to the other end of the spring. The
: i i i 3 One end of a spring is fixed to a support. A mass is a
Raduga 5 is a Russian-owned geostationary satellite launched in April 1979. amangement is shown in Fig. g
(W) Determine the angular velocity of Raduga 5.

Fig. 3.1
angular velotity = ..., rad s (1)
(V) Given that the radius of the Earth= 6.4 «10* m and the mass of the Eanh = 6.0 < 10* kg,

This arrangement Is used to determine the length / of the spring when mass M is attached to the spring.
determine the altitude that Raduga 5 maintains above the surface of the Earth,

The procedure is repeated for different values of M. The variation of mass M with length / is shown in

Fig. 3.2.
500
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40 50 60 70 80
t/icm
altitude = ............. v M [3) Flg. 3.2
; i iona Il . /
(v) Suggest, with a reason, a possible use of the Raduga 5 geostationary satellte (a)  Show that the spring constant k of the spring is 14.7 N m". 2
............................................................................................................... (2]
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(b)  Amass of 450 g is attached to the spring and is held at rest with length / of 50.0 cm. The mass 4 (a) State what is meant by diffraction and destructive interference.

isthen released and the mass oscillates freely. The angular frequency of the spring-mass system

is given by the formula

diffraction:... ..o ieeee et e SR S SRS =SSN .
J?
W= |—
Y RN e SR S S RS SRR R e e e S S SR Y VU SO U D GRS A SR G SRS B PO S O S e S e S S SR .
() Calculate the frequency of the system. desltructive interference: ............................. S 5 S R S e
L e
o]

(b) In Fig. 4.1, a red laser with a frequency of 4.69x10™ Hz is incident cn a dfacsion gratmg of
3000 lines per cm. The screen 2.30 m from the grating captures the whcie rterference pzmem.

frequency = ............ccoooevvvienn Hz (2]
()  Calculate the speed of the mass during its oscillation when the spring is extended fo a

length / of 80.0 cm. diffraction grating I

red laser light ]’ i

B | T —
230m 'i
screen
Fig. 4.1

()  Determine the possible number of intensity maxima on the screen.

()  The spring is assumed to be light. In practice, the spring will have some mass. Assuming that
the spring constant k is unchanged, suggest and explain the effect on the frequency of oscillation
of having a spring with mass,

possible number of intensity MAEMA 2 .. .veeieceiacnnenae [B)

n ;
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(i)  Determine the distance of the furthest maximum away from the central maximum on the § In order to investigate the photoelectric effect, a student varied the wgvelenglh of the radiation
scroen: incident on the metal surface. For each value of wavelength A, the stopping voltage V, required just
to prevent electrons from reaching the electrode was measured. Two such data are shown InFig. 5.1.

Vol V
1.50
K
1.00
0.50 K
0.00
350 400 450 500 550 goo A/nm

diStanCe = ..o m (2]
. Flg. 5.1
(c) The red laser is replaced with a green laser. How would this affect the pattern on the screen?
Explain your answer. . (a) What is the maximum kinetic energy of a photoelectron emitted from the metal surface by
radiation of wavelength 370 nm?

(d) Suggest why it is better to use a diffraction grating than a double slit to determine the
wavelength of the laser.

maximum KinetiC energy = ........ccooeeremerniniienn J[2)

(b) Calculate the energy of a photon of wavelength 370 nm.

energy Of PhOtON = ...c.orriiiinsinisimnecnss J(2)
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(¢) Using your answers to (a) and (b), show that the threshold wavelength is 560 nm. 6 (a) Isotope X undergoes radioactive decay to form isolope Y. The halflife of isotope X is
2.0x10° years. The activity of a pure sample of isotope X extracted from an ore is measured

to be 1.1x 10’ Bq.

(i) State what is meant by isotopes.

(i) Itis discovered thatisotope Y undergoes radioactive decay to form isotope Z. The half-life
of isotope Y is 1.5 hours.

n)] 1. Calculate the decay constant of Y. L
(d) Without further calculations, sketch in Fig. 5.1 the graph that the student should obtain at the
end of the experiment.
2]
(e) The student decided to repeat the experiment by doubling the intensity of the radiation incident

on the metal surface. State and explain whether this change would affect the results obtained

in Fig. 5.1. decay constant of Y = .......coceceueerecoocanee = 87 [1]

............................................................................................................................ 2. The number of isotope Y in the sample Is found to be constant. Explain how this is
possible.

......................................................................................................................... [2)
[ | | |
3. Hence, determine this amount of Y.
amount Of Y = i atoms [2]
Prelim
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(b) Th-232 decays by alpha-emission with a decay constant of 1.57x10™'* s'. This is the
beginning of a decay chain which eventually ends in Pb-208. A sample of rock is found to
contain both Th-232 and Pb-208 in the ratio of 5:1.

[|)] V\'Ih:n lhekrock was formed, there was no Pb-208 present in the sample. Estimate the age
of the rock.

ageofrock = ... years (2]

(i)  State the assumption made in (b)(i) regarding the intermediate product nuclei.

(iif) State with a reason, whether your answer in (b)(l) is an overeslimate or an underestimate
of the age of the rock if the assumption in (b)(il) is not valid.

© 8-" Hwa Chong Institution 2017
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adapted from “What if | Double 1t?" by Thomas Humphrey.

Read the article and then answer the questions that follow.

What if | Double It?

Suppose you are responsible for cooking a turkey and have access to a large range of
cookbooks. You have a 9.0 kg turkey but the first cookbook you consult. only tells you h_ow
long it takes to cook a 4.5 kg turkey. Since the 9.0 kg turkey is lwlcg lhq size of a 4.5 kg bird,
at first the answer might seem obvious. Simply double the cooking time suggested for a
4.5 kg turkey. But is this really the right thing to do?

A second cookbook suggests that when you double the weight of a turkey, you don't have
1o double the cooking time. It indicates a cooking time of 4.0 hours for the small bird and
6.5 hours for the larger bird. So even though the 9.0 kg turkey Is twice the weight of the
4.5 kg turkey, you only have to cook it about 1.6 times as long. Why would that be?

A more detailed analysis reveals that a turkey has more features than just its mass. When
the mass is doubled other features such as width, surface area and volume are also scaled
up. The turkey also has a density, a thermal conductivity (how well it transfers the oven's heat
to its interior), and a specific heat capacity (how much heat it needs to climb one degree
Celsius In temperature). How do some or all of these factors change in going from a 4.5 kg to
a 9.0 kg turkey?

Let's imagine that our turkey is shaped like a cube. This will make it easier to see how the
various factors change. Take a look at the cubical turkeys in Fig. 7.1.

GGa
) )
g W P&
= &
[;L > Qo 1.7

Fig.7.1

I4f y?‘u c:unl the number of small cubes in the 4.5 kg turkey, you will find that there are
x x
or 64 cubes. The number of cubes in the 9.0 kg turkey is 5 x 5 x 5, or 125 cubes. That's not 20
exactly double, but it's pretty close. So now we know that the 9.0 kg turkey is about twice the
volume of the 4.5 kg turkey (that is, it contains twice as many little cubes), and therefore it
weighs about twice as much.

So when you double the size of the turkey, what happens to its width and surface area?

10

15

Do they double t0o0? If you look at the cubical turkeys above, you can see that the widths of 25 .

the two turkeys are 4 and 5 blocks respectively. So the bigger turkey is about 25% wider than
the smaller one. The width did not double. '
If we look at surface area, the smaller turkey has 6 sides x 16 blocks per side, or 96 blocks.
The surface area of the big turkey has 6 sides x 25 blocks per side, or 150 blocks. That means
that the big turkey has about 50 percent more blocks on its surface than the small turkey. The 30
surface area did not double either.

More precisely, on a real turkey, the width and all other linear dimensions increase by a
factor of 1.26 and the surface area by a factor 1.59. Now let's analyse how this information
allows us to make predictions as to a turkey's cooking times.

The 9.0 kg turkey, because it has doubled in volume, has twice as much stuffinit tobe 35
heated up, 50 we need 1o put in twice as much heat. How does this heat get Into it? It is
transferred across the surface of the turkey, traveling from the surface to the core of the bird.

The bigger turkey has more surface area. That should speed up the transfer of heat, but the
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heat has to travel a longer way to the centre. That will slow things down. The net result is that
it doesn't take twice as long lo cook a twice-as heavy turkey. The physics fits with the
information in the cookbook!

If we put the three factors together, the cooking time increases by a factor of 1.59 to 6.4
hours. Our cook book says to increase the time to 6.5 hours, or by a factor of 1.62.
(6.5 hrs + 4 hrs = 1.62), That's pretty close!

So now we know how to cook a turkey. We have discovered that the seemingly innocuous 45
question, * What happens if you double it?" has turned out to be rather more complex than we

had initially thought. We must be very specific about which feature of the turkey we are
doubling because we don't seem to be able to double everything at once!

40

(a) An important factor is missing from the explanation of specific heat capacity. Modify the
statement to make it more accurate (lines 13-14)

Show how the factors 1.26 and 1.59 mentioned in line 32 can be proven mathemalically.

12)
() The smaller (4.5 kg) turkey has a width of 22 cm. Calculate the width of the larger
(9.0 kg) turkey (lines 31-33)

() The larger turkey (9.0 kg) has a surface area of 0.46 m?. Calculate the surface area of
the smaller (4.5 kg) turkey (lines 31-33)

surface area =
0% Hwa Chong Institution 2017
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(c) The turkeys are considered o be cooked when their average temperature has risen 90 °C.

(i) How much thermal energy does this require for the 9.0 kg turkey? (Specific heal capacity
of turkey = 3200 J kg''°C™").

energy =

(i) The electrical power supplied to the cooking oven was 2200 W. If all this energy was

transferred as thermal energy to the turkey, how long should the 9.0 kg turkey have taken
to cook? '

(1) Suggest two reasons why there is such a large difference between the answer to (c)(ii)
and the time given in the passage?
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ii ming that this rate of heat transfer to the turkey remains constant over the coo:
(d) Show mathematically how the three factors discussed in lines 34-40 when combined, lead to (ii) ~ Assuming

time and using your result of (c)(i), calculate the cooking time for the 9.0 kg turkey in
the conclusion that the 9.0 kg turkey requires a cooking time 1.59 times longer than for a hours.
4.5 kg turkey. §

tiME = e ~hr[1]

2 (iii) Use the answer to (e)(li) to calculate the cooking time for an 18.0 kg turkey.
(e) The rate of heat transfer through a cylindrical object is given by the equation

where

k is a constant which is the thermal conductivity of the object,

A is the cross-sectional area of the cylinder,

Ax is the length of the cylinder, and

A@ is the temperature difference across the length of the cylinder.

time = .o crceeee e BT[]
This equation can be used to provide a crude estimate of the rate of heat conduction from the (iv) What are the S.|. base units for the constant k?
surface to the core of the turkey. .
() You may assume that during the cooking of the turkey, the temperature difierence (A8 )
remains at a constant 140 °C and that this temperature gradient occurs over halt the

width of the turkey. Estimate the rate of heat transfer for the 9.0 kg turkey (with the help
of data from (b)(il) and (b)(iii)).

(Thermal conductivity, k for the turkey = 0.60 in S.1. units)

S.1.base UNits = ....coiiiemennenneemnn e [

End of Paper

rate of heattransfer=............cccccoeeviiiiinnnne W3]
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