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Gravitational potential energy 
−Δ𝑈𝑈G,E&S = Δ𝑊𝑊G,S→E�����

0

+ Δ𝑊𝑊G,E→S 

 

Δ𝑈𝑈G,E&S = −Δ𝑊𝑊G,E→S 

= − � �⃑�𝐅G,E→S ⋅

�⃑�𝐫=�⃑�𝐫𝑓𝑓

�⃑�𝐫=�⃑�𝐫𝑖𝑖

d�⃑�𝐫 

= − �
𝐺𝐺𝑚𝑚E𝑚𝑚S

𝑟𝑟2
(−𝐫𝐫�) ⋅

𝑟𝑟=𝑟𝑟𝑓𝑓

𝑟𝑟=𝑟𝑟𝑖𝑖

d𝑟𝑟 𝐫𝐫� 

= 𝐺𝐺𝑚𝑚E𝑚𝑚S �
1
𝑟𝑟2 𝐫𝐫
� ⋅ 𝐫𝐫��
1

d𝑟𝑟

𝑟𝑟=𝑟𝑟𝑓𝑓

𝑟𝑟=𝑟𝑟𝑖𝑖

 

= 𝐺𝐺𝑚𝑚E𝑚𝑚S � 𝑟𝑟−2 d𝑟𝑟

𝑟𝑟=𝑟𝑟𝑓𝑓

𝑟𝑟=𝑟𝑟𝑖𝑖

 

= 𝐺𝐺𝑚𝑚E𝑚𝑚S �
𝑟𝑟−1

−1�𝑟𝑟=𝑟𝑟𝑖𝑖

𝑟𝑟=𝑟𝑟𝑓𝑓

 

Δ𝑈𝑈G,E&S = −
𝐺𝐺𝑚𝑚E𝑚𝑚S

𝑟𝑟𝑓𝑓�������
”𝑈𝑈G,E&S,𝑓𝑓”

−�−
𝐺𝐺𝑚𝑚E𝑚𝑚S

𝑟𝑟𝑖𝑖�������
”𝑈𝑈G,E&S,𝑖𝑖”

� 

𝑈𝑈G,E&S = −
𝐺𝐺𝑚𝑚E𝑚𝑚S
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Electrostatic potential 

Δ𝑉𝑉 = � −𝐄𝐄�⃑ ⋅

�⃑�𝐫=�⃑�𝐫𝑓𝑓

�⃑�𝐫=�⃑�𝐫𝑖𝑖

d�⃑�𝐫 

 

 

Δ𝑉𝑉 = � −
1

4𝜋𝜋𝜖𝜖0
𝑞𝑞
𝑟𝑟2 𝐫𝐫
� ⋅

�⃑�𝐫=�⃑�𝐫𝑓𝑓

�⃑�𝐫=�⃑�𝐫𝑖𝑖

d𝑟𝑟 𝐫𝐫� 

= −
𝑞𝑞

4𝜋𝜋𝜖𝜖0
�

1
𝑟𝑟2 𝐫𝐫
� ⋅ 𝐫𝐫��
1

�⃑�𝐫=�⃑�𝐫𝑓𝑓

�⃑�𝐫=�⃑�𝐫𝑖𝑖

d𝑟𝑟  

= −
𝑞𝑞

4𝜋𝜋𝜖𝜖0
� 𝑟𝑟−2
�⃑�𝐫=�⃑�𝐫𝑓𝑓

�⃑�𝐫=�⃑�𝐫𝑖𝑖

d𝑟𝑟 

= −
𝑞𝑞

4𝜋𝜋𝜖𝜖0
�
𝑟𝑟−1

−1�𝑟𝑟=𝑟𝑟𝑖𝑖

𝑟𝑟=𝑟𝑟𝑓𝑓

 

Δ𝑉𝑉 =
1

4𝜋𝜋𝜖𝜖0
𝑞𝑞
𝑟𝑟𝑟𝑟�����
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−
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4𝜋𝜋𝜖𝜖0
𝑞𝑞
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"𝑉𝑉(�⃑�𝐫𝑖𝑖)"

 

 

𝑉𝑉(�⃑�𝐫) =
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4𝜋𝜋𝜖𝜖0
𝑞𝑞
𝑟𝑟

 


