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1 (a) Define force.

(b) Use the definition in 1(a) to show that the SI base units of force are kgms=2.

[1]

(c) A studentis investigating the relationship between the force applied to the piston of a syringe
and the velocity of fluid exiting the syringe. The student wishes to use the equation

_ Fk

VT mA

where:

v is the velocity of fluid exiting the syringe
F is the force applied to the piston

k is a constant with SI base units m2s~"
m is the mass of the fluid in the syringe

A is the cross-sectional area of the piston.

By considering SI base units on both sides of the equation, state and explain whether this
equation is homogeneous.

[Total: 4]
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2 (a) State the principle of conservation of momentum.

(b) A stationary boat of mass 160kg floats on water. The mast of the boat is vertical. A sack of
mass 23 kg is thrown at the boat, as shown in Figure 2.1.

mast of boat

3.4ms™!
—_—

sack
boat

water 7

Figure 2.1

Immediately before colliding with the mast of the boat, the sack is travelling horizontally with
aspeed of 3.4ms™.

The sack collides with the mast and remains in contact with it, without rebounding.
Assume that resistive forces acting on the boat during the collision are negligible.

(i) Calculate the horizontal speed v of the sack and boat immediately after the collision.
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(i) The total kinetic energy of the sack and boat immediately before the collision is E,. The
total kinetic energy of the sack and boat immediately after the collision is E,.

. =
Determine the ratio ==.
E,

..................................................................................................................................... [1]
(c) After a short time, the boat in 2(b) is at rest again.
(i) Show that the upthrust acting on the boat with the sack is 1800 N.
[1]
(ii) The boat displaces water with a volume of 1.80 x 105cm3.
Calculate the density of the water. Give your answer to 3 significant figures.
AENSItY = oo kgm=3 [2]

[Total: 11]
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A rollercoaster carriage of mass 280kg travels over a raised section of track, as illustrated
in Figure 3.1.

carriage, Ah
mass 280kg \
___________________________________________ 3
not to scale

Figure 3.1

At position X, the carriage has kinetic energy 16.1kd. At position Y, the carriage has kinetic
energy 1.3kJ. The length of track between X and Y is 23 m.

In moving from X to Y the carriage does 5.1 kJ of work against resistive forces.

(@) (i) Calculate the average resistive force acting on the carriage between X and Y.

average force = ... N [2]

(ii) Calculate the change in height Ah between X and Y.

9702/22/FIM/26



744
7

(b) The carriage travels further along the track to point Z.

State and explain whether the speed of the carriage at Z is greater than, less than or the
same as the speed of the carriage at X.

[Total: 6]
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4  Auniform square picture is attached to a wire and hangs in equilibrium from a pin at point P, as
shown in Figure 4.1.

wire

picture __|

centre of gravity//l 19N

of picture

not to scale

Figure 4.1
The picture has weight 19N and its centre of gravity is directly below P.

The top side of the picture is horizontal. The wire forms an angle 6 with the horizontal. The
tension T in the wire is 13N.

(@) (i) Define the moment of a force about a point.

..................................................................................................................................... [1]
(ii) Explain why the moment of the weight about P is zero.
..................................................................................................................................... [1]
(iii) Calculate 6.
0 = ° 2]
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(iv) The wire has diameter 0.80 mm and is made of a metal with Young modulus
9.3 x 10'9Pa. The wire obeys Hooke’s Law.

Calculate the strain ¢ in the wire.

(b) The bottom side of the picture shown in Figure 4.1 is 1.6 m above the ground. The pin at

P breaks, and the picture falls vertically downwards. Resistive forces acting on the picture
are negligible.

(i) Calculate the time taken for the bottom side of the picture to hit the ground.

(ii) On Figure 4.2, sketch the variation of the speed of the picture with the distance fallen
from its initial position.

speed
0 1
1.6
distance/m

Figure 4.2
[2]
[Total: 11]
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5 (a) Fora progressive wave, state what is meant by:
(i) period

(b) A stretched string is fixed at both ends and made to vibrate with a frequency of 25Hz.
A stationary wave is formed on the string. The distance between the fixed ends of the string
is 0.96m.

Figure 5.1 shows the string at one instant.

0.96m

string

not to scale

Figure 5.1

(i) On Figure 5.1, draw a cross (x) at the position of an antinode. [1]

(ii) Show that the speed of a progressive wave on the string is 16ms~".

[3]
(iii) The frequency of the vibrations is increased to 30 Hz. The speed of the wave on the
string does not change.
State and explain whether a stationary wave is formed.
..................................................................................................................................... [2]
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(¢) Abeam of light of wavelength 4.5 x 10~"m is incident normally on a diffraction grating with
6.7 x 10° lines per metre. The light passes through the grating and forms a pattern of bright
spots on a screen that is parallel to the grating.

Figure 5.2 shows two of the bright spots in the pattern.

screen
diffraction grating
- T~x
light oamsl T central bright spot
Ig_» _/_/___13_7 ________________ y /

not to scale
Figure 5.2

The angle formed at the diffraction grating between the central bright spot and the bright
spot at position X is 37°.

(i) Calculate the order n of the bright spot formed at X.

Nl S e [3]
(ii) The diffraction grating is replaced by a grating with fewer lines per metre.
State whether the distance between adjacent bright spots on the screen increases,
decreases or remains the same.
..................................................................................................................................... [1]
[Total: 12]
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6 (a) State whatis meant by an electric current.

(b) A cell has electromotive force (e.m.f.) 1.50V and internal resistance 0.75Q.

On Figure 6.1, draw the variation of the terminal potential difference (p.d.) with current in the
cell for current between 0A and 1.6A.

2.0
1.5
el 1o
0.5
0
0 0.4 0.8 1.2 1.6

current/A

Figure 6.1
[2]
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(c) A metal wire X has length 6.8 m and cross-sectional area 2.0 x 10" m2. The resistance of
the wire is 0.82Q.

The wire is connected to a circuit containing the cell in 6(b) and a fixed resistor of
resistance R, as shown in Figure 6.2.

———————————————————

___________________

1.8AV

wire X, resistance 0.82Q
Figure 6.2
The current in the cell is 1.8A.

(i) Calculate the resistivity p of the metal from which wire X is made.

(ii) Calculate R.
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(iii) Calculate the power dissipated in the internal resistance of the cell.

[Total: 10]
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7 (a) Describe the structure of a nuclear atom.

(b) P and Q are radioactive nuclei. P has 94 protons. Q has 91 protons.

Each nucleus decays to form a nucleus with 92 protons.

(i) State the type of radioactive decay experienced by P.

charge

11 -1
mass equal to +1.76 x 10" Ckg™".

(c) Particle X has a ratio of

Identify particle X. Show your working.

8= 14 1o 1= GO

[Total: 6]
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