
Force (vector) field
HRW-Ch13



Field of Gravitation
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Intensity of the gravitational field

Newton’s law of gravitation

magnitude of a gravitational force
caused by the mass of m1 acting on 
the unit of the mass m2
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𝜅𝜅 = 6.67 � 10−11 Nm2kg−2
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Potential energy
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Potential of the gravitational field

A work of the mass m1 needed for the 
displacement of the unit of the mass m2 from 
the infinity to the actual position of mass m2
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vector operator nabla

basic operations:

grad 𝜑𝜑 = 𝛻𝛻𝜑𝜑 𝜑𝜑 = 𝜑𝜑 𝑥𝑥;𝑦𝑦; 𝑧𝑧

div 𝐴𝐴 = 𝛻𝛻 � 𝐴𝐴 𝐴𝐴 = 𝐴𝐴𝑥𝑥;𝐴𝐴𝑦𝑦;𝐴𝐴𝑧𝑧

rot 𝐴𝐴 = 𝛻𝛻 × 𝐴𝐴

𝛻𝛻 =
𝜕𝜕
𝜕𝜕𝑥𝑥

;
𝜕𝜕
𝜕𝜕𝑦𝑦

;
𝜕𝜕
𝜕𝜕𝑧𝑧

𝛻𝛻 � 𝛻𝛻 = ∆
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= scalar

= vector

= scalar

= scalar

= vector

=
𝜕𝜕2

𝜕𝜕𝜕𝜕2
+

𝜕𝜕2

𝜕𝜕𝑦𝑦2
+
𝜕𝜕2

𝜕𝜕𝑧𝑧2

= det

𝑖𝑖 𝑗𝑗 𝑘𝑘
𝐴𝐴𝑥𝑥 𝐴𝐴𝑦𝑦 𝐴𝐴𝑧𝑧
𝜕𝜕
𝜕𝜕𝜕𝜕

𝜕𝜕
𝜕𝜕𝑦𝑦

𝜕𝜕
𝜕𝜕𝑧𝑧

= ⋯

=
𝜕𝜕𝐴𝐴
𝜕𝜕𝜕𝜕

+
𝜕𝜕𝐴𝐴
𝜕𝜕𝑦𝑦

+
𝜕𝜕𝐴𝐴
𝜕𝜕𝑧𝑧

=
𝜕𝜕𝜕𝜕
𝜕𝜕𝑥𝑥

;
𝜕𝜕𝜕𝜕
𝜕𝜕𝑦𝑦

;
𝜕𝜕𝜕𝜕
𝜕𝜕𝑧𝑧

Laplace operator
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Potential energy of the Earth gravitational field
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Conservative forces
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near the Earth’s surface
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Field of Gravity
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Satellites motion principle

𝐹𝐹g = 𝐹𝐹o
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(𝑅𝑅E + ℎ)2
= 𝑚𝑚

𝑣𝑣2

(𝑅𝑅E + ℎ)
𝑣𝑣 = 𝜔𝜔(𝑅𝑅E + ℎ) = 2𝜋𝜋

𝑇𝑇
(𝑅𝑅E + ℎ)

Orbital speed and Escape velocity
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