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What is a Solid? 

Part 1: Challenging the Textbook 

1. Distinguishing ‘Solid’ and ‘Liquid’ 
Many textbooks distinguish between solids and liquids along the following lines (we will ignore 
gases for our purpose here): 
 A solid has a definite volume and shape.  
 A liquid has a definite volume, but takes the shape of its container. 

Does this distinction between ‘solid’ and ‘liquid’ hold when we start exploring actual examples? 
Let us find out.  

Consider an imaginary dialogue between a S(tudent) and a T(eacher):  

S: Teacher, could you explain the distinction between solid and liquid again, please?  
T: Sure. They are different because solids have their own shape, but liquids take the shape of 

their container. So, a candle is made of solid wax, and has its own shape. But when we melt 
it, it takes the shape of its container. Melted wax is a liquid. A cube of ice is solid, because it 
has its own volume and shape. But when it melts, the water takes the shape of its container, so 
it is a liquid.  

S:  Thank you, Teacher. I think I understand. But can we look at some other examples? A wheat 
grain is solid, because its shape doesn’t change with the shape of its container, right? 

T: Yes, of course. 
S: But if I put a handful of wheat grains in a bottle or a bowl, it takes the shape of the container. 

So it must be liquid, right?  
T: Oh, no, a handful of wheat grains is not liquid.    
S: But you said, anything that takes the shape of its container is liquid. A handful of wheat 

grains takes the shape of the container. So by logic, shouldn’t it be liquid? 
T: Interesting! You are right. If we take our definition seriously, and also our observation that a 

handful of wheat grains takes the shape of the container, we have to say that it is liquid! 
[Thinks for a while.] Okay, what if we admit that the definition is flawed, and change it? 

S: Perhaps we should say:  
  A solid has its own shape.  
  Something that becomes flat when placed on a flat surface is a liquid.  
 If we pour a handful of water on the floor, it spreads until its surface is flat. But if we pour a 

handful of wheat grains on the floor, it forms a heap, like a little mountain. 
T: That might work. But think some more. 
S: It may not work, because then a flat piece of paper laid on the floor must be a liquid. 
T: But is paper liquid? Remember, to be judged as liquid, it has to change its shape when you 

change the container. Okay, let us try to be more precise. What if we say: 
  A body of matter is solid if and only if  
    it does not take the shape of its container; and  
    when placed on a flat surface, its surface is not flat; 
  and it is liquid if and only if   
    it takes the shape of its container; and  
    on a flat surface, its surface is flat.   
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S: Hmm. So a wheat grain is solid because it doesn’t change its shape to fit its container. A 
handful of wheat is solid because its surface is not flat when placed on a flat surface. But 
water is liquid because it takes the shape of the container and lies flat on a flat surface.  

T: Excellent! 
S: But I have a problem. A handful of wheat takes the shape of its container, so it is not solid. 

But it doesn’t lie flat on a flat surface, so it is not liquid. It is neither liquid nor solid. And it is 
certainly not gas. So we need another category, something that is not solid, and not liquid.  

T: Hm! That is indeed a problem. Let me think.  
S: One more example, Teacher? A handful of small metal balls, like the ball bearings of a 

bicycle chain, takes the shape of the container. In this it is like a handful of wheat grains. But 
it is different because when we pour it on the floor, the balls lie even and ‘flat’. So we have to 
say it is liquid.    

T: No, no, metal balls are also solid. Well, … look, a handful of grains is composed of individual 
wheat grains, right? And a handful of ball bearings is also made up of individual balls. 

S: Yes? 
T: So can we say that a substance composed of solid parts is solid, no matter how it behaves as a 

collection? Then the definition of solid should be:  
  A body of matter is solid if and only if it  
   either does not take the shape of its container,  
   or is composed of solid parts.   

S: That won’t work, Teacher. A soap bubble is spherical, so it is a solid by the first part of the 
definition, but it is made of tiny droplets of water, so it is liquid by the second part. Does this 
mean it is both solid and liquid?  

T: Hmm, good example! Since a liquid is not solid, we would have to say that a soap bubble is 
both solid and not solid. That would be a logical contradiction! And we can’t allow logical 
contradictions. 

S: What do you mean? What is a logical contradiction? 

T: When a sentence negates what another sentence says, we say that the combination of the two 
sentences is a logical contradiction. We’ll come back to it later, don’t worry about it for now. 

S: Teacher, is a ten-meter long sewing thread solid or liquid? If it is dropped loosely into a cup, 
it takes the shape of the cup. If we drop it on the floor, it lies flat on the floor. So loose sewing 
thread must be liquid. But if we wind it into a ball, it has its own shape, so it must be a solid. 

T: oh-oh ... more headache!  

S: The sun has a spherical shape, so we should categorize it as solid. 

T: Oh child, you are bringing up one counterexample after another! I don’t know how to answer 
your questions! 

S: What’s a counterexample? 

T: If an example shows that a statement is false, then we call it a counterexample to the 
statement. 

S: Can I ask you something Teacher? 

T: I don’t know if I can answer it. But go ahead and ask. 

S: I don’t understand the distinction between solids and liquids. But do you understand it? 

T:  Let me be honest: before we started this discussion, I thought I did. But now realize I don’t.  

There is agreement in the dialogue that we need the conceptual distinction between solid and 
liquid. The problem lies in the LOGICAL CONTRADICTION between our JUDGMENT on whether 
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something is a solid or a liquid on the one hand, and the DEFINITION of ‘solid’ and ‘liquid’ on the 
other. Rationality requires that we disallow logical contradictions. We judge a handful of wheat 
and a piece of string as solid, while a soap bubble as liquid. But if we accept these judgments, then 
rationality demands that we reject the textbook definition.   

2. The Dialogue Continues  
S:     Teacher, did you have a chance yesterday to think about my question on solids and liquids?  
T:     I did. I even read all the textbooks I could find, but they all say the same thing. So I called a 

textbook writer. She offered to help. Do you want to talk to her right away?  
S:     Wow! That would be great.   
  [T calls W (Text Book Writer) and hands the phone to S.] 
S:     Hello, are you the writer who wrote our textbook? 
W:    Yes. You are the one who got your teacher into trouble with your questions on solids and 

liquids, right?  
S:     Yes, thank you for agreeing to talk to me. Will you help me understand? 
W:    Of course. Both you and your teacher are confused. You see, a handful of wheat is neither 

solid nor liquid; it is a mixture of solid and gas.  
S:     Oh! So you are actually saying that a handful of wheat is both solid and gas. 
W:    Yes. 
S:     Therefore it should have solid properties and gas properties?  
W:    Yes. 
S:     Because it is solid it should have definite shape and volume, and because it is gas it should 

have neither a definite shape nor a definite volume. But then, don’t we get a logical 
contradiction? You are saying that a handful of wheat has definite shape but doesn’t have a 
definite shape. And that it has its own volume and doesn’t have its own volume!  

W.    You don’t understand. That is not how properties of mixtures are derived.  
S.     I know I don’t understand, that’s why I am asking you. And according to what you are saying, 

a mixture of solid and gas would have definite volume but would take the shape of the 
container. 

W:    Yes, that is correct. 
S:     But a dry kitchen sponge is a mixture of solid and gas, and a wet kitchen sponge is a mixture 

of solid and liquid, and yet it has both its own shape and volume, whether dry or wet.  
W:    Sponge is too complicated. Let us not go into that. 
S:     Okay, so is a long piece of string a mixture of solid and gas? 

W:    No, a string is solid.  
S:     So why does it take the shape of its container? 
W:    Well, er, …that is an exception. 
S:     Exception? Isn’t it a counterexample to what you are saying? 
W:    No, no, as the great philosopher Aristotle said, all observations are theory-laden, and reality is 

inherently logically inconsistent and translucent.  
S:     I have no idea what you are saying, so I am going to ask you another question. Is a soap 

bubble a mixture of solid and gas?  
W:    No, it is a film made of liquid, with gas inside it. 
S:     So why does it retain its spherical shape? 
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W:    Well, that too might be an exception. 
S:     Suppose a blind person walks into a lake. Can she figure out that it is liquid? And if it is a 

frozen lake, can she figure out that it is solid, though the shape is the same?   
W:    Yes, of course she can. 
S:     If you are given two glasses, one with frozen water and another with warm water, can you 

figure out, by only touching, if it is solid or liquid? 

W:    Of course I can. 
S:     May be that is because when we judge something to be solid or liquid, we go by touch, not by 

what we see. And may be that is why your textbook definition doesn’t work...  
W:    (Groans.)  

3. Beyond the Textbook: The Experience of Solidity  
The textbook classification of matter into solid, liquid, and gas is a pre-scientific classification, 
based on unexamined ‘commonsense’. There are two distinct intuitions that underlie the 
commonsense notion of solidity: what we perceive with our eyes (the visual), and what we 
perceive through touch (the tactile). When we see a rock far away, we know from our visual 
experience that it is solid, because of its constancy of shape and volume. But, even when 
blindfolded — without the visual cue — if we bump into a wall, we know from our tactile 
experience that it is solid because our body can’t go through it: solid is not ‘go-thru-able’. 

Constancy of shape and volume often goes hand-in-hand with non-go-thru-ability. However, there 
are also cases where the visual cues and the tactile cues diverge. A drop of mercury in a little bowl 
looks like a small solid metal ball. But our fingertip would go through the mercury. Similarly, a 
cloud in the sky appears solid to the eye, but if we are on a mountain with low clouds on it, we can 
walk through the clouds. In sum, while our eye tells us that a drop of mercury and a cloud are solid, 
our skin and muscles tell us that they are not solid, because they are go-thru-able. 

On close examination, go-thru-ability itself is problematic. If we lie down on top of a truckful of 
wheat grains, our body won’t go through the surface. Yet, we can push our hand through the 
grains. If we place a pin on a piece of blotting paper and place the paper on water, the pin would 
not go through the surface even after the paper sinks. But if we drop the pin in water, it would sink 
immediately. Add to these the oobleck phenomenon. ‘Oobleck’ is a distinct intermediate state of 
matter between solids and liquids. If we keep adding water to wheat dough, at some point we reach 
a stage when, if we make a huge enough quantity that fills a truck, we can’t stand on it without 
sinking, but if we keep jumping on it, we don’t sink. (See the Scientific American Article at 
http://goo.gl/kmdnyO: “It is a solid, it is a liquid… it is oobleck!” by Katherine Hermon.) It is not 
unlike the phenomenon of ‘Jesus lizards’ running on water: if they try to walk or stand on water, 
they would sink. < https://www.youtube.com/watch?v=_f57z8g7lZs > The state of matter 
characterized by small metal ball bearings would be yet another state between solid and liquid. 
Together, these examples show that go-thru-ability is a complex trait; it depends both on the nature 
of the objects, and the nature of their contact. We leave it to you to learn more about it on your own 
if you are interested. 

Part 2: Reflections on Inquiry and Learning 

4. Conceptual Inquiry  
The discussion in Part 1 is an example of Conceptual Inquiry, as a branch of Rational Inquiry. 
CONCEPTUAL INQUIRY is the investigation of concepts. Pursuit of knowledge through conceptual 
inquiry is at least as old as Socrates. The dialogues in Part 1 use this mode of inquiry to critically 
evaluate the definitions of concepts, and to develop the mindset of doubting and questioning what 
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textbooks say. Conceptual inquiry is also useful in pursuing questions that lead to a deeper 
understanding of abstract concepts. 
[For more examples of conceptual inquiry, you may wish to take a look at https://goo.gl/IdzX8r. Some of the 
videos at this site are examples of classroom case studies, and explore questions like “What are parallel 
lines?” “What is circumscription?” and “What is democracy?” Alternatively, you may want to make note of 
the site, and go back to it at a later point in this journey.]  

 

Central to the tools of conceptual inquiry are the following steps: 
Step 1:  We begin with a question of the form “What is X?” where X is an abstract concept 

(solid, chemical change, species, straight line, democracy, wealth of the nation, etc.). 
Step 2: We look for a definition of the concept as an answer to the question. 
Step 3: There are cases that we judge as examples of X, and those we judge as examples of not-

X. We examine these cases of both kinds. 
Step 4: We get the predictions derived from the definition — the logical consequences of the 

definition, and check if they are consistent with our judgments in Step 3.    
Step 5: If the predictions are inconsistent with the judgments, we must either change our 

judgments (e.g., judge a handful of metal balls as liquid) or change the definition (e.g., 
definition of solid). If we can’t do either, then we must reject the definition.   

5. Rational Skepticism  
The movie, Agora, has as its background the cultural and political context that science had to 
struggle with in ancient times. The protagonist is Hepatia, the ancient Greek mathematician-
scientist-philosopher. The climax of the movie lies in a conversation between Hepatia and two of 
her ex-students, one a Roman administrator and the other a Christian bishop. They tell her that they 
have essentially the same kind of mind as her. She disagrees. “No, my friends. You will not, you 
cannot, doubt what you believe. I must.” (You can watch this scene of the movie at 
https://www.youtube.com/watch?v=4N8EFH-qYJ4 )  

The value of self-doubt such as we witness in Hepatia springs from an awareness of the uncertainty 
and fallibility of our knowledge. With that awareness comes the willingness to accept new ideas 
when supported by justification; to modify our own positions in the process; and to consider 
alternative interpretations and explanations. From such doubt in our own beliefs arises an 
awareness of our ignorance, which in turn leads to the desire to find out what we don’t know 
(intellectual curiosity), accompanied by openness to criticism. This lies at the core of rational 
inquiry, as a central aspect of the spirit of scientific inquiry.  

The extension of such self-doubt to doubting and questioning our peers and authorities — be it 
parents, teachers, textbooks, experts, or the establishment — is what we call ‘rational skepticism’, 
which must go hand in hand with rigour of observation, thinking, reasoning, and expression. By 
rational skepticism, we don’t mean the rejection of what is claimed as knowledge, or a 
philosophical position that denies the possibility of knowledge. Rather, it is the acknowledgement 
of degrees of certainty that is best expressed by physicist Richard Feynman in his National 
Academy of Sciences (1955) talk: 

“When a scientist doesn’t know the answer to a problem, he is ignorant. When he has a 
hunch as to what the result is, he is uncertain. And when he is pretty darn sure of what 
the result is going to be, he is still in some doubt. We have found it of paramount 
importance that in order to progress we must recognize our ignorance and leave room for 
doubt. Scientific knowledge is a body of statements of varying degrees of certainty — 
some most unsure, some nearly sure, but none absolutely certain.” 

Rational skepticism, however, is largely absent in most classrooms and textbooks. Many if not 
most educational cultures (including that of science) discourage doubting and questioning 
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authority. The result is that the mindset of rational inquiry is replaced by one of blind faith. And 
this is an unhealthy unscientific mindset, detrimental to the growth of scientific knowledge.  

6. What should we take away from a Lesson?   
Based on our reflections on the concept of solidity above, a question for a student would be: What 
should we expect to take away from a lesson? And a question for a teacher would be: How should 
that lesson be designed? Let us try an answer that is neutral to the two questions. A lesson should 
provide:  

• an understanding of a body of conclusions of the academic community in the broader 
context of various beliefs and knowledge systems, without requiring that students accept the 
conclusions simply because the teacher or textbook says so;  

• an understanding of the evidence and arguments for the conclusions; 
• the ability to figure out which conclusions to accept, what to reject, and what to set aside for 

further scrutiny;  
• the ability to investigate natural phenomena; and 
• the habit of doubting and questioning teachers and textbooks, such that it subsequently 

expands to doubting and questioning ourselves, our peers, and authorities.   

Let us also suppose that the classroom interaction facilitates the following guidelines. Wherever 
possible: 
a teacher: 

A)  presents conclusions only after the students have had a chance to explore the relevant 
phenomena on their own;  

B) introduces them to textbook knowledge only after they have developed their own body of 
knowledge through inquiry, and have acquired adequate experiential and intellectual 
muscles to challenge authority; 

and a student: 
C) takes responsibility for her/his learning and that of the peers. 

In a lesson on solidity, what kinds of activities would help us move towards A, B, and C above? 

In this reading, we used the textbook distinction between solid and liquid to illustrate the danger of 
promoting blind faith in school education, and to suggest a solution. 

In the dialogues between Student and Teacher, the goal was to initiate doubting and questioning 
textbooks and authorities. One central point to be made in such an investigation is the need to 
liberate oneself from the pressure to find the correct answer. The explorations in the preceding 
sections, including the dialogues, have led us to a better understanding of solidity, but we have by 
no means found the correct answer. Chances are that we will never find it, no matter how long we 
continue, and how much our understanding improves. A final definition of solidity would terminate 
the process of inquiry. An acceptance and appreciation of this state of affairs is the MINDSET that 
we — students and teachers — need to develop through the practice of rational inquiry.  


