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The following exercise is intended for use in technical degree programmes. The exercise is 
suitable for use in a course as well as for reflection at home. Basic knowledge of the subject 
matter should be available in order to recognise the redundant information.
The aim is to show the limits and possibilities of programmes such as ChatGPT when it 
comes to technical questions. The task for the learners is to understand the answer and 
explain why ChatGPT fails to provide a precise and correct answer.
In the example, the user asks ChatGPT a question about angular momentum and torque in 
space without providing any further context. Using cordless screwdrivers in space is based 
on a principle of engineering science and the answer requires additional background 
knowledge that is not explicitly formulated in the question. Due to Newton's 3rd law, the 
rotation of the screw also causes the person operating the cordless screwdriver to rotate 
slightly. In outer space, this cannot be stopped by ground contact. A principle of mechanics is 
played out in an unusual environment and reduced to its basic principles.
The exercise illustrates that ChatGPT comes to a correct result for technical questions if the 
task is clearly formulated. However, ChatGPT is a programme that has no understanding of 
terms and cannot interpret input. It cannot form chains of reasoning that are limited exactly to 
the formulated question and often provides unnecessary and unproven additional information 
for the answer.
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Questions for ChatGPT about angular momentum in 
space  1  

user
There are always outdoor missions on the ISS. The astronauts use cordless 
screwdrivers. How does that work?

ChatGPT
The use of cordless screwdrivers in space, especially on external missions to the 
International Space Station (ISS), presents some unique challenges that need to 
be carefully considered. Here are some important aspects that enable astronauts 
to use tools such as cordless screwdrivers effectively in space:

1. Modified tools

Specially designed tools: The tools that astronauts use in space are specially 
designed for the conditions of space. These include modified cordless 
screwdrivers that are adapted for use in zero gravity and the vacuum of space.

Torque limitation2: The cordless screwdrivers are equipped with torque limiters to 
prevent the astronauts from rotating in the opposite direction due to the torque.
[…]

3. Tool design3

Ergonomics: Tools are ergonomically designed to be operable even in bulky 
spacesuits. The handles are designed so that they can be held and operated 
easily even when wearing gloves.

Adaptations for the spacesuit: The operating elements of the tools are designed in 
such a way that they are easily accessible and operable
[...]

No useful answer so far4

1 The conversation took place on 12 September 2024 with the free version of 
https://openai.com/chatgpt

2 Torque limitation is not helpful, as the angular momentum must be compensated.
3 The tool design is not relevant to the exercise. The question is a classic example for discussing 

torque limitation.
4 Up to this point, the answer is pointless because the actual solution is to avoid torque on the 

operator's hand and thus rotation. Everything proposed does not serve this purpose. As long as 
a torque is applied to the operator's hand, this will cause the operator to rotate. A limited torque 
leads to slower rotation, but does not prevent it.

https://openai.com/chatgpt
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user
We should discuss the torque limitation in more detail

ChatGPT
Torque limitation is an important aspect when using cordless screwdrivers in 
space. [...]

Principle of torque limitation

1. Newton's third law of motion5:

When a cordless screwdriver is used in zero gravity, the tool's motor generates 
torque. According to Newton's third law, this torque produces an equal but 
opposite reaction that would cause the astronaut to rotate.

2. torque limitation:
[…]

Torque limiting mechanisms

1. Mechanical torque limiters:
[…]

Application in weightlessness

1. Stabilisation:

In weightlessness, astronauts can use special holding devices or foot straps to 
stabilise themselves. This helps to better control the reaction forces generated by 
the tool.
[…]

Summarised: Torque limiting is a critical mechanism to ensure that tools such as 
cordless screwdrivers can be used efficiently and safely in space. Mechanical and 
electronic torque limiting systems help to control reaction forces and prevent 
astronauts from rotating in microgravity. Intensive training and special holding 
devices also support the safe use of these tools.

5 This argument contradicts the solution given by ChatGPT above. All further answers to this 
question are therefore obsolete.
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user
But what is the point of limiting the torque? The law of conservation of angular 
momentum6 means that the astronauts always turn in the opposite direction to the 
direction of rotation of the cordless screwdriver if they can't lock themselves in 
place

ChatGPT
You're right: the law of conservation of angular momentum states that the total 
angular momentum of a system is conserved. This means that an astronaut would 
rotate in the opposite direction when using a tool like a cordless screwdriver in 
space, unless it is fixed or stabilised. 
Limiting the torque alone doesn't completely solve the problem of inertia, but it 
does help minimise the problem7 and ensure that movements remain controllable. 
Here are the details of how torque limiting and other measures work together to 
address the problem of reaction torque:

Fixation and stabilisation of the astronauts8

[…]

6 Angular momentum and torque are mathematically related: Torque is mathematically the 
derivative of angular momentum. The angular momentum describes the angular velocity, the 
torque the angular acceleration. Both should be zero, otherwise the user will rotate. The special 
setting of the question is aimed at the fact that the reaction torque that always arises in the 
opposite direction cannot be absorbed, unlike when the screwdriver is used in the earth's 
gravitational field when both feet are standing on solid ground.

7 Whether the astronaut's reaction is slow or fast is irrelevant. Limiting the torque to a value other 
than zero causes the astronaut to turn in the opposite direction unless they are fixed.

8 Questions of fixation and stabilisation bypass the technical problem. Regardless of the 
astronauts' stabilisation exercises, the focus is on technical solutions such as a torque-free 
screwdriver.
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user
Are there also torque-free screwdrivers?

ChatGPT
Yes, there are so-called torque-free or reactionless tools that have been specially 
developed for use in environments such as space, where the reaction forces of a 
normal tool can be a problem.9 These tools use various technologies to avoid or 
minimise the problem of reaction torque. Here are some examples and concepts 
of such tools:

1. Pneumatic screwdrivers

How they work: Pneumatic screwdrivers use compressed air to generate torque 
instead of mechanical or electrical energy. The advantage here is that the reaction 
force can be minimised by the way the compressed air is distributed in the tool.

Reaction control: In some designs, the reaction forces are equalised by special 
mechanisms within the tool, reducing the torque impulses on the user.

2. mechanical slip clutches

Functionality: Tools with slip clutches or torque limiters are designed to "slip" when 
a certain torque is reached. These clutches prevent further transmission of torque, 
which minimises the reaction forces acting on the user.

Application: Whilst these tools still generate reaction forces, the angular 
momentum is limited and the forces are more controllable than tools without a slip 
clutch.10

[…]

9 That is the correct answer.
10 The solutions given are technically incorrect, they do not reflect the technical details of the 

previously correct answer. The principle of two counter-rotating rotors on the same axis as in 
toy helicopters is the technically correct one.
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