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10.2 Fields at Work

Question Paper

Course DPIB Physics
Section 10. Fields (HL only)
Topic 10.2 Fields at Work
Difficulty Medium

Time allowed: 70

Score: /51

Percentage: /100
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Questionla
(a)

Outline why the gravitational potentialis negative everywhere in space.

[2]
[2 marks]

Question1b
The gravitational potential of the Sun atits surfaceis Vis -1.9x 10" Jkg~'at aradial distance rfromits core.

The following data are available:

 MassofEarth=6.0 x10%*kg
e DistancefromEarthtoSun=1.5x10"m
e RadiusofSun=7.0x108m

(b)
Calculate the Earth's gravitational potential energy in its orbit around the Sun.

[2]
[2 marks]

Questionlc
(c)
While the Earth orbits the Sun, terrestrial shuttles often enter orbit around Earth. One such shuttle is launched with a kinetic

energy Ex given by the expression below:
5GM _m
e E
K
SRE
where Gis the gravitational constant, Mgis the mass of Earth, and mis the mass of the shuttle. Deduce that the shuttle

cannotescape the gravitational field of the Earth.
(2]

[2 marks]
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Question1d
(d)
GMEm
Show that, if the shuttle enters an orbit of radius R about the Earth, then its total energy is given by — SR statingan

appropriate assumption required.
[3]

[3marks]

Question 2a
(a)

Evaluate this statement of Newton's law of gravitation: "The gravitational force between two masses is proportional to the
masses andinversely proportional to the square of the distance between them."

(2]

[2 marks]
Question 2b
(b)

R3
Asatellite of mass m orbits a planet of mass M. If the orbital radius is R and the orbital periodis T, show that theratio ? is
constant.

(3]
[3 marks]
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Question 2c
(c)

Calculate the changein gravitational potential energy of the satellite, of mass 39 kg, as it moves from an orbit of height 1100
km above the Earth's surface to one of height 2100 km.
Use the following data:

e MassofEarth=6.0 x 102*kg

o Averageradius of Earth=6.4x10°m

(3]

[3marks]

Question 2d
(d)
Explain whether the gravitational potential energy has increased, decreased or stayed the same when the orbit changes asin
part(c).
[2]

[2 marks]

Question 3a
(a)

Define electric potential at a pointin an electric field.

(2]
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[2 marks]

Question 3b
Apoint charge of mass 1.30 x 10~* kg is moving radially towards a small, charged metal sphere as shown.

Metal sphere

<—— 250 ms™

® Point charge
+0.0310 uC

232m

+5.00 uC

(b)
The electric potential at the surface of the sphereis 9.00 x 104 V. Determine if the point charge will collide with the metal
sphere.

[5]
[5 marks]
Question 3¢
()
Determine the speed at which the point charge s certain to collide with the metal sphere.
[2]
[2 marks]
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Question 3d

Protons are positively charged and are often described as "colliding” in particle accelerator experiments, as well as in the
core of stars.

(d)
Discuss theimplications of two protons colliding in terms of the forces between them. Describe the conditions necessary for
such a collision to take place.

[4]
[4 marks]
Question 4a
Acharge -g with mass m orbits a stationary charge g with a constant orbitalradius r.
-7 -7 ~a ¢
7~ .\
’ N
/ \
/ \
/ \
! \
I
| @®q |
\ 1
\ /
\ /
\ /
~ I
~ i
(a)
Draw the electrostatic force on -g due to the electric field created by q.
(2]
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[2 marks]
Question 4b
(b)
Show that the orbital speed of vis given by:
B 1
V7 4 e, mr q
(2]
[2 marks]
Question4c
(c)
Show that the total energy E of the orbiting charge s given by:
1 2
E=- 3 T
me, r
[3]
[3marks]
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Question 4d
(d)
Hence, determine an equation forhow much energy must be supplied to -q ifitis to orbit the stationary charge g at twice the
radiusinpart(c), 2r.
(2]
[2 marks]
Question 5a
Binary starsystemsinvolve two stars that orbit a common centre of gravity. One such systemis shown.
e M
’I
,,
I
/
!
I \
] ]
1 |
\ 1
& Centre of |
gravity
/I
//
. . e
Each starhas amass M and orbitalradius r, such that their separationis 2r.
(a)
Deducethat the time period T of each star's orbit is related to the orbital radius rby the following equation:
16123
=
GM
(3]
[3marks]
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Question 5b
(b)
Show that the kinetic energy of each starin the binary systemis given by:
L GM
K~ 8r
Question 5¢

(c)
Hence, show that the total energy of the binary star systemis given by the equation:

GM?
4r

E=-

Question 5d
The binary systemradiates energy in the form of gravitational waves.

(d)

Deduce that the stars move closerto each otheras the binary system emits gravitational waves.
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[2]
[2 marks]

(2]

[2 marks]

(3]

[3marks]
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