
Computer Graphics and Imaging
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Discussion 09

Cameras



Week 9 Announcements

● Final project proposal was due 07/27!

● Homework 3 due 08/01

● Final project milestone due 08/04

● Exam 2 is on 08/07
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Thin Lens Equation

≥ 1

A magnifying glass!



Thin Lens Equation

This is an 
object.
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Thin Lens Equation

The chief ray passes 
through the center of the 
lens, where the surfaces 
are approximately parallel.

Any ray going through the 
focal point emerges parallel to 
the optical axis.

Similarly, any ray parallel to the 
optical axis will be directed through 
the focal point.

Corresponding image 
point forms where the 
traced rays intersect.



Thin Lens Equation

Corresponding image 
point forms where the 
traced rays intersect.

To find this point analytically, use 
the Thin Lens Equation.
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Thin Lens Equation

To find this point analytically, use 
the Thin Lens Equation.

zo zi

f

Ideally, place the image 
sensor where the 
generated image is in 
focus.
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Cameras & Lenses



Field of View

● FOV = angle of scene that 

camera lens can captured.

When calculating field of 
view, assume the lens is 
focused at infinity!
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Field of View

● FOV = angle of scene that 

camera lens can captured.

● For fixed sensor size, 

smaller focal length → 

larger FOV!

●



Question 2



2.1 Raine’s Field of View
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Hint!

2.2 Raine’s Field of View

h: height of sensor

f : focal length



2.3 Raine’s Field of View



2.3 Raine’s Field of View

These triangles are similar!

f = 50mm 

h = 36mm9 * 20cm



2.3 Raine’s Field of View

f = 50mm 

h = 36mm

50mm

36mm
=

x

9 * 200mm
x = 2500mm
  = 2.5mx

9
 
*
 
2
0
0
m
m



2.3 Raine’s Field of View

The distance from the bunny to Raine’s 
camera is x = 2.5m.
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2.3 Raine’s Field of View
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2.4 Raine’s Field of View



2.5 Raine’s Field of View



2.5 Raine’s Field of View



2.6 Raine’s Field of View



2.6 Raine’s Field of View

Hint!



1.1 Terminology

Focal length:
- distance between the center of a lens and the point at 

which parallel light rays from infinity at brought into 
focus

Field of view:
- the extent of the scene that is visible to the camera’s 

sensor, measured as an angle



Exposure



Exposure 
= Irradiance 
   x Time 
   x Gain
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(Circle of confusion)An aside: circles of confusion (aka blur)



An aside: circle of confusion

● Optical spot caused by cone 

of light not coming to focus

● Aka blurring!



An aside: depth of field

● Set maximum size 

circle of confusion.

● Depth of field = 

depths with blur 

less than this size.



An aside: depth of field
Smaller aperture → more concentrated rays → 
reduces blur → larger depth of field!



Exposure = irradiance x time x gain

● Control irradiance with aperture.
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Exposure = irradiance x time x gain

● Control irradiance with aperture.

● Larger aperture → more shallow depth of field.

● Larger aperture → more light = higher irradiance.

● F-number = focal length / diameter of aperture.

● Change in F-number is a “stop”: e.g. stop down F/1.4 lens to F/4.

Note on notation. An 
F-number of 4.0 is written 
as f/4.0.
(This is not a fraction!)



Exposure = irradiance x time x gain

● Shutter duration: time (seconds) the camera sensor is exposed to light when 

taking a photo.

● Shutter speed = reciprocal of shutter duration.



Exposure = irradiance x time x gain

● Shutter duration: time (seconds) the camera sensor is exposed to light when 

taking a photo.

● Shutter speed = reciprocal of shutter duration.

● Side effect: Increased shutter duration → increased motion blur.



Exposure = irradiance x time x gain

● ISO: sensor’s sensitivity to 

light.

● In digital cameras, represents 

how much light is amplified.

● Higher gain introduces more 

noise



Question 3



3.1 Exposé of Exposure
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3.2 Exposé of Exposure



3.3 Exposé of Exposure



3.3 Exposé of Exposure



1.1 Terminology

Exposure: 
- determines how light or dark an image will appear
- determined by three settings: aperture size, shutter speed, and ISO (gain)

Shutter speed: 
- how quickly the shutter opens and closes for the sensor to capture light
- the reciprocal of the how long the shutter is open for during a capture



1.1 Terminology
Aperture:

- the size of the opening through which light enters the camera and hits the sensor or 

film

F-stop: 

- the ratio between the focal length and aperture size for a given camera configuration (f 

= d/A)



1.1 Terminology

Circle of confusion:

- a spot caused by a cone of incoming light rays from a lens that do not come into perfect focus

- the less in focus, the larger the circle of confusion



1.1 Terminology
Depth of field:

- the range of depths that are in focus for a given camera configuration

- = the farthest depth in focus - the closest depth in focus

Larger aperture, smaller depth of field



1.1 Terminology
Depth of field:

- the range of depths that are in focus for a given camera configuration

- = the farthest depth in focus - the closest depth in focus

Larger sensor, larger depth of field



1.2 Configurations and Effects

1) How are focal length and field of view related? For a fixed sensor size, what 

effect does increasing the focal length have on the field of view? (Hint: Triangles)
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results in a wider field of view, while a longer focal length results in a narrow field of 

view
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view, while a longer focal length results in a narrow field of view
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150mm focal length? Do these types of images have special names?



1.2 Configurations and Effects

2) An image captured with a 50mm focal length is considered to have a ”normal” 

field of view. What about an image taken with a 15mm focal length? How about 

150mm focal length? Do these types of images have special names?

Solution: An image taken with a relatively shorter focal length such as 15mm is called 

wide angle. An image taken with a relatively longer focal length such as 150mm is 

called a telephoto.
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1.2 Configurations and Effects

4) How are sensor size and field of view related? What happens to the field of view if I don’t move 

my sensor, but increase its size? What about decreasing its size?

- Solution: Sensor size and FOV are directly proportional

- Larger sensor size will result in a larger field of view, and vice-versa.

5) If my F-number is increasing, then what can I deduce about the size of my aperture and/or my 

focal length? 

- Solution: F-number := the ratio of focal length to aperture size.

- F-number is increasing → focal length is increasing relative to my aperture size

a. I increase my focal length while holding aperture size constant

b. I decrease my aperture size while holding focal length constant



1.2 Configurations and Effects

6) To help reduce motion blur when I capture photos, I can increase the 

shutter speed of my camera (which reduces the amount of time the sensor 

is exposed to light). What are the tradeoffs of doing so? What can I do to 

mitigate the tradeoffs?



1.2 Configurations and Effects

6) To help reduce motion blur when I capture photos, I can increase the shutter 

speed of my camera (which reduces the amount of time the sensor is exposed to 

light). What are the tradeoffs of doing so? What can I do to mitigate the tradeoffs?

Solution: Exposure = product of (exposure time * irradiance)

Increasing shutter speed reduces exposure time → overall exposure value is lower

Images will be darker in exchange for reducing motion blur. To counteract this, we 

can attempt to boost the amount of irradiance falling on the sensor by increasing the 

size of our aperture by a proportional amount.



1.2 Configurations and Effects

7) How are depth of field and aperture size related? What happens to the 

depth of field if I reduce the size of my aperture? What else happens if I 

reduce the size of my aperture?



1.2 Configurations and Effects

7) How are depth of field and aperture size related? What happens to the depth of 

field if I reduce the size of my aperture? What else happens if I reduce the size of my 

aperture?

Solution: Depth of field and aperture size are inversely related.

Smaller aperture size → larger depth of field (a larger range of depths in the image 

will be in focus), and vice versa

However,  aperture size is directly proportional to exposure → reducing the aperture 

size will increase depth of field at the tradeoff of having a darker image



1.2 Configurations and Effects

8) Briefly explain why photographers must choose between depth of field 

and motion blur for moving objects.



1.2 Configurations and Effects

8) Briefly explain why photographers must choose between depth of field and motion 

blur for moving objects.

Solution: To gain better depth of field, photographers must reduce their aperture. 

However, this means that less light will reach the sensor.

To maintain roughly the same amount of exposure that the sensor gets, 

photographers must decrease their shutter speed (i.e. slower speed), which could 

introduce motion blur. The opposite tradeoff also holds true.



Relationships

● Depth of field <> aperture

○ Inversely related

○ Smaller angle → smaller CoCs and larger depth of field.

● Exposure <> aperture

○ Directly related

○ Larger area for light to enter → more light entering

● Sensor size <> field of view

○ Directly related

○ See diagram → 

● Focal length <> field of view

○ Inversely related

○ Closer sensor → light from wider angles will hit



The Fake

Camera
Discussion

Definitely am not reusing this 



How does a camera work?







Camera Sensor Sizes
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Camera Sensor Sizes



Focal Length

Focal Length:

distance (mm) between the optical center (of the lens) and 

the camera sensor



Focal Length

Angle/Field of View:

angular extent of the observable world

that is visible to the camera



Focal Length



Focal Length

A longer focal length generally means a longer 

lens*

* assumes all other variables held constant, many exceptions apply



Focal Length

A longer focal length generally means a longer 

lens*

* assumes all other variables held constant, many exceptions apply



Sensor Sizes and Focal Length

Focal Length is typically converted to full frame equivalent



Focusing



Lens Focusing



Out of Focus: Circle of Confusion

Circle of Confusion:

optical spot caused by a cone of light rays from a 

lens not coming to a perfect focus

(aka blurring)



Depth of Field

Depth of Field:

the range of depths that is acceptably “in focus” or “sharp”



Aperture

Aperture:

the opening in a camera lens that allows light to enter the camera and onto 

the sensor 

1. Controls amount of light
2. Controls depth of field

Measured in f-stops:

lens focal length divided by

diameter of aperture opening



Aperture: Controlling Depth of Field



Aperture: Controlling Depth of Field



Aperture: Controlling Exposure

Each √2 decrease in f-stop

halves

the amount of light

(also known as a “full-stop” of light)



Small Apertures for Large DoF



Wide Aperture Lens are generally better...
Shallow DoF is desirable for

subject isolation
More light means superior

low light performance

You can always “step-down” or reduce your aperture, 
but not up!



... but are much bigger...

... and more expensive! 



Controlling Exposure: Shutter Speed

Shutter Speed:

length of time (in seconds) the camera sensor is 

exposed to light when taking a photograph1. Controls amount of light (linearly)
2. Controls motion blur



Slow Shutter Speed Photography

Capturing Motion Blur



Fast Shutter Speed Photography

Capturing Action



ISO (gain)
ISO:

(International Organization for Standardization):

sensor’s sensitivity to light

(In digital cameras, represents how much input light is amplified)



Exposure
Exposure:

overall brightness of a captured image

Generally, choose desired motion 
blur and depth of field first, then 
adjust ISO accordingly



Advanced Exposure: ND Filters
Sometimes you can’t lower your ISO far 

enough to correctly expose your image



Question 4





Hint: recall the thin-lens equation



Hint: recall the thin-lens equation
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Hint: recall the thin-lens equation

Focal 
length

Object 
distance

Image 
distance

Focal length = 50mm
Object distance = 1000mm
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Hint: recall the thin-lens equation

Focal length = 50mm
Object distance = 1000mm



Hint: recall the thin-lens equation

Focal length = 50mm
Object distance = 1000mm Recalling this figure,

the image forms
behind the image

sensor.





This diagram is a hint, 
but plug in what you 

know!





We note that zi>zs,
because 

zi=1000/19=52.6…, 
which is > f=50



We note that zi>zs,
because 

zi=1000/19=52.6…, 
which is > f=50



F-Number = focal length / diameter



F-Number = focal length / diameter
diameter = focal length / F-Number



F-Number = focal length / diameter
diameter = focal length / F-Number





We can rewrite d’ = zi-f from the 
previous problems.
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We can rewrite d’ = zi-f from the 
previous problems.



We can rewrite d’ = zi-f from the 
previous problems.



We can rewrite d’ = zi-f from the 
previous problems.



Let’s Take Attendance.

● Be sure to select Week 09 and input your TA’s secret word 😉
● Any feedback? Let us know! 


