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Understanding the eye with a pinhole camera 
NATURE Sunday Academy 2018-2019 

 

Project Description: 

Students will learn principles of geometric optics and image formation. Students will build a pinhole 

camera so they can experiment with trade-offs between image brightness and resolution and develop 

solutions to achieve a bright and well-focused image. The parts of a working pinhole camera will be 

linked to parts of the eye including the pupil, iris, cornea, and crystalline lens. 

 

Project Objectives: 

• Students will learn the geometry of pinhole optics and be able to explain why images are formed 

upside-down in the human eye. 

• Students will learn how pinhole size affects image brightness and resolution. 

• Students will learn how lenses and mirrors can be used to achieve images that are both bright 

and in focus. 

• Students will observe the inverted images on their own retinas using a simple shadow-casting 

technique. 

 

Session Organization: 

11:00-11:30 Cultural connection/brief introduction 

11:30-12:00 Geometric Optics: Reflection and Refraction 

12:00-12:45 Lunch 

1:00-1:45 Building a pinhole camera and basic observations. 

1:45-2:30 Improving brightness and focus in the basic camera. 

2:30-3:00 Wrap up 

 

ND State Science Standards: 

9-10.1.1.  

Explain how models can be used to illustrate scientific principles  

9-10.1.2.  

Describe the interaction of components within a system (e.g., interactions between living and nonliving components 
of an ecosystem, interaction between organelles of a cell)  

11-12.1.1.  

Explain how scientists create and use models to address scientific knowledge  

11-12.1.2.  



 

2 

 

Identify the structure, organization, and dynamics of components within a system (e.g., cells, tissues, organs, organ 
systems, reactants and products in chemical equilibrium)  

9-10.2.6.  

Design and conduct a guided investigation  

11-12.2.4.  

Formulate and revise explanations based upon scientific knowledge and experimental data  

 

Materials and Equipment: 

Electrical tape, small cardboard boxes, tracing paper, scissors or Xacto knives, thumbtacks, cardstock 

(business cards will work), protractors. Red and green laser pointers.  

 

Activity I: 

Students will observe reflection, measuring the angles made by a light ray as it is incoming to a surface 

and as it is outgoing from the same surface. Students will determine whether or not different 

wavelengths of light behave differently. 

 

Students will observe refraction, measuring the angles between the incident ray and the surface, and the 

amount of bending within the material. Students will determine whether or not different wavelengths of 

light behave differently. 

 

Students will observe diffraction, measuring the spreading of light waves through a narrow pinhole. 

Students will determine if this spreading is different for different wavelengths. 

 

Activity II:   

Students will build a basic pinhole camera according to the instructions included with the activity. 

Students will observe images indoors and outdoors and confirm that images are upside-down and 

reversed in the pinhole camera. Students will be asked to consider why this is happening and will observe 

that their own retinal image is inverted using a shadow-casting technique. Students will be asked to 

think through why they observe the inverted shadow with this technique and draw a diagram to explain 

it. 

 

Activity III: 

Using the pinhole camera, students will enlarge the aperture to make a brighter image and observe that 

the image becomes blurrier. Students will be asked to consider how to achieve an image that is both 

bright and in focus using prisms, lenses, or mirrors to help them re-direct light. Students will also be 

asked to consider why a small pinhole also leads to a blurry image, linking this to diffraction phenomena 

observed in Activity I. 
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Wrap-Up & Discussion: 

1. How were the concepts of STEM used in today’s activity? 

2. What was the most successful idea you used in the activity? 

3. What did you try in the activity that did not work? 

4. Why do think it did not work? 


