
Math and Physics Masters A Level Physics · Worksheet

Gravitational Fields

Fields · 4 questions · step-by-step answers at the end

Name: Date: Score:     / 4

USEFUL EQUATIONS

F = GMm / r² g = GM / r² φ = −GM / r T² = (4π² / GM)r³ vesc = √(2GM / R)

Questions

Show your working in the space under each question.

At what height above Earth's surface is g one quarter of its surface value?1.

Find the gravitational potential at Earth's surface and the escape velocity. (M =

5.97 × 10²⁴ kg, R = 6.37 × 10⁶ m)

2.

Find g at the surface of Mars (M = 6.42 × 10²³ kg, R = 3.39 × 10⁶ m).3.

How does the orbital speed change if the orbital radius doubles?4.



Step-by-step answers
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g ∝ 1/r², so r = 2R: a height of one Earth radius (6.4 × 10⁶ m).1.

1. φ = −GM/R = −(6.67 × 10⁻¹¹)(5.97 × 10²⁴)/(6.37 × 10⁶) = −6.25 × 10⁷ J kg⁻¹.

2. To escape, the kinetic energy per kg must equal 6.25 × 10⁷ J: ½v² = GM/R.

3. v = √(2 × 6.25 × 10⁷) = 1.12 × 10⁴ m s⁻¹ (11.2 km s⁻¹).

Answer: −6.25 × 10⁷ J kg⁻¹; 11.2 km s⁻¹

2.

g = GM/R² = (6.67 × 10⁻¹¹ × 6.42 × 10²³)/(3.39 × 10⁶)² = 3.7 N kg⁻¹.3.

v = √(GM/r), so it falls by a factor of √2.4.


