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Answers 

Practice-for-exam questions 
Mary Whitehouse  

Regulating the heart 
1 The distance between R spikes on the graph is about 25 small squares. Each square 
represents 0.04 s 

Time for 1 beat = 25 ´ 0.04 s = 1 s 

So the heart rate is 60 bpm, which agrees with the statement in the article that the heart beats 60–80 
times per minute. 
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Maximum current I is when the greatest charge DQ is delivered in the shortest time Dt 
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b  This is the average current because it is being delivered by a capacitor. Initially, when 
the capacitor is fully charged, the potential difference driving the current is high, but as charge flows 
from the capacitor the potential difference falls, so the current also gets less. 

3 Voltage required is about 800 V. 

 E = (
.
 C V2 

  = (
.
 ´ 100 µF ´ (800 V)2 

  = (
.
 ´ 100 ´ 10–6 F ´ (800 V)2 

  = 32 J 

This approximate value is consistent with the statement in the article that the demand is likely to be 
between 20 J and 30 J.  

Determining Jupiter's mass 
1 The mass m of a sphere with radius r and density r is: 

 m = /
0
𝜋𝑟0𝜌 

Making density the subject of the equation: 
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so 
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  = 0.241 

The calculated density of Jupiter is about one-quarter that of the Earth, which seems reasonable as it 
is a gas giant rather than a rocky planet.  

2 Using existing observations of the positions of the planets in the night sky, in 1543 
Copernicus developed a hypothesis for a heliocentric solar system. 

Further detailed observations by Tycho Brahe provided data to support this hypothesis and led to 
Kepler’s Laws which describe and predict the motion of the planets but do not provide an 
explanation. 

In 1609, the development of the telescope enabled Galileo to observe the moons of Jupiter and 
deduce (in 1609) that they orbit Jupiter in the same way the Moon orbits Earth and the planets orbit 
the Sun. This example of objects orbiting something other than the Earth supports the Copernican 
hypothesis of a heliocentric model. 

In 1689 Newton published his theory of gravity. This theory explains Kepler’s third law. 

Improved twentieth-century telescopes provide many observations of the solar system, which 
provide data that can be used to check Newton’s law of gravitation and make predictions that 
further test the laws.  

Measuring gravity’s effect on time 
1 When a satellite of mass ms is in an orbit with radius r, the gravitational potential energy Eg is 

 Eg = – G)=)>
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where mE is the Earth's mass and G the universal gravitational constant. 

Moving from a radius r1 to r2, the change in gravitational potential energy is  

 DEg = GmsmE ( (4? – (
4@

) 

initial radius of orbit: r1 =  13700 km + 6400 km  

 = 20100 km = 2.01 ´ 107 m 

final radius of orbit: r2 = 20100 km + 3500 km  

 = 23600 km = 2.36 ´ 107 m 

DEg = 6.67 ´ 10–11 N m2 kg–2 ´ 700 kg ´ 6.0 ´ 10 kg ´ ( (
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 = 2.1 ´ 109 J 

2 Acceleration due to gravity at a distance r from the Earth is the gravitational field strength, g, 
at that point: 

g = G)=)>
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Using g1 for the field at r1 and g2 for the field at r2: 
B@
B?

 = (4?
4@

)2 

(because G, ms and mE all cancel) 

r1 = 17000 km + 6400 km  

 = 23400 km = 2.34 ´ 107 m 

r2 = 2600 km + 6400 km  

 = 32400 km = 3.24 ´ 107 m 

g2/g1 = (r1/r2)2 

 = (2.34/3.24)2 

 = 0.52 

Bohr’s theory of the atom revisited 
1 Lower values of n correspond to orbits where the electron is closer to the nucleus. 

The centripetal force needed to keep the electron in orbit is inversely proportional to its orbital radius. 
(For example, for a given speed, halving the orbital radius doubles the centripetal force needed to 
keep the electron in orbit.) 

The required centripetal force is also proportional to the square of orbital speed: the higher the speed, 
the greater the force needed to keep the electron in orbit. 

The centripetal force keeping the electron in orbit is provided by the electric field of the nucleus. 

The strength of this field varies inversely with the square of the distance from the nucleus. 

The electrostatic force acting on the electron is much greater when n is smaller.  (For example, halving 
the radius multiplies the electrostatic force by 4.) 

So, in a smaller orbit, the electron must have a higher speed. Otherwise, the electrostatic force would 
be greater than the required centripetal force and the electron would move towards the nucleus. 

2 Room temperature T » 300 K 

Boltzmann constant k = 1.38 ´ 10–23 J K–1 

1 eV  = 1.60 ´ 10–19 J 

At temperature T, the typical thermal kinetic energy of an atom is 

E = kT  

  = 1.38 ´ 10–23 J K ´ 300  

 = 4.14 ´ 10–21 J 

 = 4.14 ´ 10–21 / 1.60 ´ 10–19 eV 

 = 0.026 eV 


