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Why does a pencil look broken in water? 

 

Introduction 

We have been studying reflection and refraction in class. Before I started this investigation, I 

watched a video about a pencil being put in a cup of water. I saw the pencil look normal and 

then not match up once the water was added. My goal for this investigation was to figure out 

why that was happening using the ideas of reflection and refraction. The guiding question was 

“Why does a pencil look broken when it is added to water?” 

 

Method 

To gather the data I needed to answer this question, I tried different combinations of materials 

and calculated the difference in N values to see what happened when the difference was more 

or less. I also tried different angles for the laser. I decided that this was the best way to carry out 

the investigation because I played around with the simulation a lot and realized that this was 

what I wanted to do. The angle thing was because I got weird results with my original 45 

degrees where it stopped refracting so I needed to see what would happen with the other 

angles to get a better picture. I then analyzed the data I collected by making a line graph with 

the different results. I decided that this was the best way to analyze these data because I was 

looking for a trend. 

 

Argument 

I figured out the light travels faster through the air than it does through the water, and when it 

slows down that causes it to travel at a different angle so it looks like the pencil is broken. 

The graph and table below show how the differences the index of refraction and the angle of the 

laser affect the angle of light when it passes into the new material.  

Top Material (n) to Bottom Material (n) entry angle 45 degrees 

Ratio (top-bottom) N Difference 15 degrees 30 degrees 45 degrees 60 degrees 

max to air -0.6 24.4 53 0 0 

glass to air -0.5 22.8 48.5 0 0 

water to air -0.33 20.1 41.8 70.4 0 

max to water -0.27 18.1 36.9 58 0 

glass to water -0.17 16.9 34.3 52.7 77.1 

max to glass -0.1 16 32.2 48.9 67.4 

glass to max 0.1 14 28 41.6 54.4 

water to glass 0.17 13.3 26.4 38.9 50.4 

water to max 0.27 12.4 24.6 36.1 46.2 

air to water 0.33 11.2 22 32.1 40.6 
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air to glass 0.5 9.9 19.5 28.1 35.3 

air to max 0.6 9.3 18.2 26.3 32.8 

 

 
 

This analysis indicates that as the difference in n value between two materials increases, the 

refraction angle gets smaller. It increases up to the point where it would be more than 90 

degrees and then goes back down. For some of the materials there wasn’t enough of a 

difference when you took the initial angle into account, so it wasn’t possible to show the point 

where it got to 90 degrees. Also, when the top material had a lower n ratio than the bottom one, 

the refraction angle was less than the incidence angle, but when the top material had a higher n 

ratio than the bottom, the refraction angle was bigger than the incidence angle. So an object 

would appear to swing up or swing down depending on the incidence angle, but in either case 

it’s going to look progressively more weird as the materials get harder to travel through. 

 

This evidence is important because light travels in waves, and when waves pass through 

different kinds of materials they can go at different speeds. These speeds can be measured and 

stay constant no matter which angle the light is going at. When waves change speed quickly 

that can apparently also cause a change in direction, although I’m still a little fuzzy about why 

that is. In order to complete this investigation I had to assume that the model was accurate as I 

didn’t have a good way to measure using real materials. I also had to assume that the light 

source was constant since that’s the way the simulation was set up, I’m not sure if that’s always 

the case or how that would affect the speeds. Maybe it would just affect the amount of energy. 

 

 


