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Can work done by a particular set of forces be “invested” in 
“something” other than kinetic energy? 
 

 
 
 
 

 
 

It seems awkward, here, to try to tell a story in which the 
work done by our hands on the Earth and spacecraft was 
invested in changing kinetic energy (because neither the 
kinetic energy of the Earth nor the kinetic energy of the 
spacecraft changed). Can we invent some alternative 
quantity 𝑈𝑈G,E&S that will allow us to tell a story in which the 
work done by our hands on the Earth and spacecraft was 
invested in changing 𝑈𝑈G,E&S? 

Δ𝑊𝑊H1→E + Δ𝑊𝑊G,S→E = Δ𝐾𝐾E = 0 

Δ𝑊𝑊H2→S + Δ𝑊𝑊G,E→S = Δ𝐾𝐾S = 0 

Δ𝑊𝑊HANDS→E&S + Δ𝑊𝑊G,S→E + Δ𝑊𝑊G,E→S = 0 

Δ𝑊𝑊HANDS→E&S = −�Δ𝑊𝑊G,S→E + Δ𝑊𝑊G,E→S����������������
call this Δ𝑈𝑈G,E&S 

 

If we define 

−Δ𝑈𝑈G,E&S = Δ𝑊𝑊G,S→E + Δ𝑊𝑊G,E→S 

we make it seem as though Δ𝑊𝑊HANDS→E&S was invested into 
Δ𝑈𝑈G,E&S.  
 
We are inspired to try to build a definition around an 
equation that looks something like 

−Δ𝑈𝑈F,1&2 = Δ𝑊𝑊F,2→1 + Δ𝑊𝑊F,1→2 
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When the relative spatial arrangement of a collection of objects is 
changed, the total work performed by a given collection of third-law 
force pairs might or might not depend on the specific paths objects 
take to get from old to new positions. If this total work is path-
independent for all combinations of initial and final positions in a 
domain of interest, we can choose to call this total work the negative 
of the change in the potential energy associated with the given 
collection of third-law force pairs.  
 

−Δ𝑈𝑈F,1…𝑁𝑁 ∶= Δ𝑊𝑊F,2→1 + Δ𝑊𝑊F,1→2 + ⋯+ Δ𝑊𝑊F,𝑁𝑁−1→𝑁𝑁 
 

 

Elastic potential energy 

 

Gravitational potential energy near the surface of the Earth 
 

 
 

Δ𝑈𝑈G,E&O = 𝑚𝑚𝑚𝑚Δℎ, consistent with 𝑈𝑈G,E&O = 𝑚𝑚𝑚𝑚ℎ 
 

How much work do 
forces in the spring 
perform while the 
spring relaxes from 
an initial distance of 
|Δ𝐱𝐱�⃑ | to a final 
distance of |Δ𝐱𝐱�⃑ | = 0? 
 

��⃑�𝐅SPR,𝑁𝑁−1→𝑁𝑁� = 𝑘𝑘|Δ𝐱𝐱�⃑ | 

Δ𝑈𝑈S =
1
2
𝑘𝑘(Δ𝑥𝑥)2 
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A constant sum? 
 

 

−Δ𝑈𝑈F,1…𝑁𝑁 ∶= Δ𝑊𝑊F,2→1 + Δ𝑊𝑊F,1→2 + ⋯+ Δ𝑊𝑊F,𝑁𝑁−1→𝑁𝑁 
 

−Δ𝑈𝑈G,E&O = Δ𝑊𝑊G,E→O�������
=Δ𝐾𝐾O

Work−energy
theorem

+ Δ𝑊𝑊G,O→E�������
≈0

Earth barely
moves

 

−�𝑈𝑈G,E&O,𝑓𝑓 − 𝑈𝑈G,E&O,𝑖𝑖� = 𝐾𝐾O,𝑓𝑓 − 𝐾𝐾O,𝑖𝑖 

−𝑈𝑈G,E&O,𝑓𝑓 + 𝑈𝑈G,E&O,𝑖𝑖 = 𝐾𝐾O,𝑓𝑓 − 𝐾𝐾O,𝑖𝑖 

𝐾𝐾O,𝑖𝑖 + 𝑈𝑈G,E&O,𝑖𝑖 = 𝐾𝐾O,𝑓𝑓 + 𝑈𝑈G,E&O,𝑓𝑓 

 

𝑀𝑀𝐸𝐸SYS = Σ𝐾𝐾 + Σ𝑈𝑈 

 
 


