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STUDY BEES OFFICIAL =

FEDERAL BOARD OF INTERMEDIATE & SECONDARY EDUCATION
CLASS Xll — PHYSICS

CHAPTER: GRAVITATION (Domain B Mechanics)

MCQs & Short Questions with Answer Key

SLOs Covered: P-12-B-01 to P-12-B-09 | Total Questions: 50 (30 MCQs + 20 Short Qs)

ECTION A: MULTIPLE CHOICE QUESTIONS (MCQs)

1. The gravitational force between two masses is given by:
A) F = mv3/r
B) F = GMm/r2
C) F = GMm/r
D) F=mg
v Answer: B

e
2. If the distance between two masses is doubled, the gravitational force comes:

A) 4 times 2
B) 2 times \6
C) 1/2 times O
D) 1/4 times \
v Answer: D
3. The value of the universal gravitation t G Is approximately:

A) 6.67 x 10" N m2 kgili?

B) 9.8 m S %e
C) 6.02 x 102 N m?
D) 6.67 x 10HE N
v Answer: A
4. Ne nn'@ravitatinn states that the force is:
A) Directly proportional to the square of distance
B)

rsely proportional to the product of masses
C) Directly proportional to the product of masses
D) Independent of distance

v Answer: C

5. Which of the following correctly shows the unit of G?
A) N m2 kg2
B) N kgl
C) kg m sl
D) N m kg’
v/ Answer: A

6. Gravitational field lines around a uniform sphere:
A) Are parallel lines
B) Point radially outward from the centre
C) Point radially inward toward the centre
D) Form closed loops
v Answer: C
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7. For a point outside a uniform sphere, the sphere's mass may be considered to be
concentrated at:

A) The surface

B) The centre

C) Any point inside
D) Infinity

v Answer: B

8. Gravitational field strength g is defined as:
A) Force per unit mass
B) Force per unit charge
C) Mass per unit force
D) Force x mass
v Answer: A

9. The gravitational field inside a hollow uniform sphere is:
A) Maximum
B) Equal to g at surface
C) Zero
D) Proportional to r
v Answer: C

10. The unit of gravitational field strength is: \6
A) N kg \
B) N kg’

C) kg NI
D) J kgl

7/ Answer: B 65 )

11. Two identical masses uf
them is approximat

A) 6.67 x 10HE

B)ﬁﬁ?{g

12. Newton's law of gravitation is applicable to:
A) Only large masses
B) Only point masses
C) Any two masses
D) Only masses on Earth
v Answer: C

re placed 1 m apart. The gravitational force between

13. If the mass of one object is tripled while the distance remains constant, the gravitational
force:

A) Triples

B) Becomes nine times
C) Remains the same
D) Becomes 1/3

v Answer: A

14. The gravitational force is a:
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A) Contact force

B) Non-contact force
C) Frictional force
D) Magnetic force

v Answer: B

15. For a satellite in a circular orbit, the gravitational force provides the:
A) Tangential force
B) Centripetal force
C) Normal force
D) Net upward force
v Answer: B

16. The orbital speed of a satellite at radius r from Earth's centre is:
A) v =GM/r
B) v = sqrt(GMr)
C) v = sqrt(GM/r)
D) v = GM/r2
v Answer: C

17. As the orbital radius of a satellite increases, its orbital speed:
A) Increases

@
&
B) Decreases 6\
C) Remains constant \
D) First increases then decreases \

v Answer: B

18. The time period of a satellite in circular c%s I’Q.‘.td to its orbital radius by:
A) Ter

B) T2 o< 13 ee
C)Toecr?
D) T2 o 12 *
v Answer: B 6
S
u

19. A ary satellite has an orbital period of:
A
B) urs
C) 48 hours
D) 6 hours
v Answer: B

20. Geostationary satellites orbit directly above the:
A) North Pole
B) South Pole
C) Equator
D) Tropic of Cancer
v Answer: C

21. The direction of orbit of a geostationary satellite is:
A) East to West
B) West to East
C) North to South
D) South to North
v Answer: B
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22. The height of a geostationary orbit above Earth's surface is approximately:

A) 400 km

B) 2000 km

C) 36,000 km
D) 100,000 km
v Answer: C

23. The gravitational field strength at a distance r from a point mass M is:
A) g=GM/r
B) g = GM/r2
C)g=GMr
D) g = G/Mr2
v Answer: B

24. The equation F = GMm/r? gives the force between:
A) A charge and a field
B) Two point masses
C) A mass and Earth only
D) Two magnetic poles
v Answer: B

A) 6.67 N kg’

B) 9.8 N kglt' C}\
C) 3.7 N kg’ \
D) 11.2 N kg’

v Answer: B

25. The gravitational field strength g at Earth’s surface is approximat é\

A) Earth is a perfect sphere
B) The change inris n5gllg
C) G is variable

D) Earth's mass

v Ans er

26. Why is g approximately constant E %% surface?

d to Earth's radius

27. A% (where h << R) above Earth's surface, g approximately:

B) Remains exactly the same
C) Decreases slightly

D) Becomes zero

v Answer: C

28. The gravitational potential at a distance r from a point mass M is:
A) & = GMr
B) ¢ = -GM/r2
C) o =-GM/r
D) ¢ = GM/r
v Answer: C

29. Gravitational potential is defined as work done per unit mass in bringing a test mass from:

A) Earth's centre to surface
B) Infinity to that point

C) That point to infinity

D) Surface to that point
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v Answer: B

30. The Sl unit of gravitational potential is:
A) J kg
B) N kg’
C) J kgi'
D)Nm
v Answer: C

ECTION B: SHORT QUESTIONS WITH ANSWERS

Q1. State Newton's Law of Gravitation.
Answer: Newton's Law of Gravitation states that every object in the universe attracts every other object
with a force that is directly proportional to the product of their masses and inversely proportional to the
square of the distance between their centres. Mathematically: F = GMm/r2, where G = 6.67 x 10l N
m?2 kg2,

Q2. Define gravitational field strength.

Answer: Gravitational field strength (g) at a point is defined as the grewteh xgte per-unit mass
acting on a small test mass placed at that point. It is a vector quentl d the source mass.

Unit: N kgilt'.

ee‘7
we strength of the gravitational field. They

Q3. How can gravitational fields be represented ue
Answer: Gravitational field lines show the directi

are drawn pointing toward the mass (attragti : Cleeer field lines indicate stronger field. For a
uniform sphere, field lines point adi ' radrtoward its centre.
Q4. State the conditien fof a u sphere in gravitational problems.

Answer: Fer a p0|
concent

a uniform sphere, the entire mass of the sphere may be considered to be
point mass). This simplifies gravitational calculations significantly.

Q5. De ve h expression for gravitational field strength g = GM/r2.
: From Newton's law, force on a test mass m at distance r from mass M: F = GMm/r2. Since g =

Ffm, dividing both sides by m gives: g = GM/r2. This is the gravitational field strength due to a point
mass M at distance r.

Q6. What is a geostationary satellite? State its key properties.
Answer: A geostationary satellite orbits Earth at the same angular speed as Earth's rotation. Key

properties: (i) Orbital period = 24 hours, (ii) Orbits directly above the Equator, (iii) Direction of orbit:
West to East, (iv) Height above surface = 36,000 km. It appears stationary relative to Earth's surface.

Q7. Relate gravitational force to centripetal acceleration for circular orbits.
Answer: For a satellite of mass m in circular orbit of radius r around Earth (mass M): Gravitational force

= Centripetal force. GMm/r2 = mv?/r. Simplifying: GM/r = v2. Therefore orbital speed v = sqrt(GM/r). This
shows that orbital speed depends only on M and r, not on satellite's mass.

Q8. Why is g approximately constant near Earth's surface?
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Answer: g = GM/r2. At Earth's surface, r = R = 6400 km. For small heights h (where h << R), r changes
negligibly: r = R. Therefore g = GM/R2 = constant = 9.8 N kgll'. The percentage change in g is
approximately 2h/R, which is very small for everyday heights.

Q9. Define gravitational potential and write its formula.
Answer: Gravitational potential (¢) at a point is the work done per unit mass in bringing a small test
mass from infinity to that point. Formula: ¢ = -GM/r. The negative sign indicates that work is done by
the gravitational field (binding energy). Unit: J kgii'.

Q10. Explain why gravitational potential is always negative.
Answer: Gravitational potential ¢ = -GM/r is always negative because gravity is an attractive force.
Work is done by the gravitational field (not against it) when a mass is brought from infinity to any point.
Taking infinity as reference (¢ = 0), all other points have lower (negative) potential. This negative value
represents the bound state of the mass.

Q11. Derive Kepler's Third Law from gravitational and centripetal force.
Answer: For circular orbit: GMm/r2 = m(4n2r/T2). Simplifying: GM = 4n2r3/T2. Therefore T2 = (4n2/GM) x
3, i.e., T2 3. This is Kepler's Third Law: the square of the time period is proportional to the cube of
the orbital radius. N e\

Wi What 's graviiationsl potesitial SRetgy of IO paiL MBsses ¢ .\a

Answer: The gravitational potential energy (E_p) of a system oo s M and m separated
by distance ris: E_p = -GMm/r. The negative sign indicate

t
em. Work must be done
against gravity to separate the masses to infinity (wher

ith distance from Earth's centre?

centre to maximum at surface, g = r. At surface (r =
. Putside Earth (r > R): g = GM/r2, decreases with increasing r.
its surface value.

Q13. How does gravitational field stren
Answer: Inside Earth (r < R): g incre

Q14. What is the nce of the negative sign in ¢ = -GM/r?
An .ﬁ: ive sign in ¢ = -GM/r signifies that: (i) Gravitational potential is always less than zero
(a , (i) A mass at infinity (& = 0) has more potential energy than at any finite distance, (iii)
Ene ust be supplied to a mass to move it from a finite distance to infinity (escape condition), (iv) It
indicates a bound gravitational system.

Q15. Compare gravitational potential and gravitational potential energy.
Answer: Gravitational Potential (¢): Property of the field at a point; ¢ = -GM/r; unit: J kgll'; scalar.
Gravitational Potential Energy (E_p): Energy of a mass m in the field; E_p = mé = -GMm/r; unit: J;
scalar. Relationship: E_p = m¢. Both are negative, indicating bound systems, and both are zero at
infinity.

Q16. What are field lines? State their properties for gravitational fields.
Answer: Field lines are imaginary lines used to represent a gravitational field. Properties: (i) They point
in the direction of gravitational force on a test mass, (ii) Closer lines indicate stronger field, (iii) They
never cross each other, (iv) For a sphere, lines point radially inward, (v) They originate from infinity and
end at the mass, (vi) Field line density is proportional to field strength.

Q17. Define escape velocity and derive its expression.
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Answer: Escape velocity is the minimum speed needed for an object to escape Earth's gravitational
field. Derivation: At surface, KE + PE = 0O (just escaping). amv2 - GMm/R = 0. v2 = 2GM/R. v_esc =
sqrti(2GM/R) = sqrt(2gR). For Earth: v_esc = sqgrt(2 x 9.8 x 6.4x10M) = 11.2 km sl'.

Q18. How do geostationary satellites differ from other satellites?
Answer: Geostationary satellites: Period = 24 hours (same as Earth), orbit above Equator, appear
stationary, used for communication/weather. Other satellites (e.g., LEO): Period < 24 hours (e.qg., ISS =

90 min), can orbit at any inclination, move across the sky, used for imaging/GPS. The key difference is
the matching of orbital period with Earth's rotation period.

Q19. Why is gravitational force considered a fundamental force?
Answer: Gravitational force is fundamental because: (i) It acts between all masses universally, (ii) It
cannot be shielded or neutralized, (iii) It has infinite range, (iv) It is always attractive, (v) It governs
motion of planets, stars, and galaxies, (vi) It shaped the large-scale structure of the universe. It is the
weakest fundamental force but dominant at astronomical scales due to large masses.

Q20. Calculate the gravitational field strength on the surface of a planet of mass M = 6x102H
kg and radius R = 6.4x10H m. (G = 6.67x10l"" N m? kgii?)

Answer: Using g = GM/R2: g = (6.67x10l"" x 6x102M) / (6.4x10M)2 g = (4.002x10'M) / (4.096x10"3) g =

9.77 = 9.8 N kg’ This confirms the gravitational field strength at Earth's surf;e IS apﬂoxiﬁht ly 9.8

N kgh'.
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