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John: “So, Frank, just what is a photography??”



INTRODUCTION



DEFINITIONS

Photograph - a print on regular or photo paper

Digital Image - a collection of numbers in a 
computer/phone/device

An image is a digital representation of what the light a camera captured, and when printed on photo paper is a photo; when printed on regular paper is a print. A picture 
is any format, digital or analog


What a camera takes is an image, and an image is made up of pixels of three different colors: red, green and blue.


There are three important factors for a camera chip: chip size, number of pixels, and pixel size.


Another important factor for photography is lens aperture. The larger the aperture, the more light that can be gathered. 


A common specification for a camera lens is f-ratio. This is the lens aperture size divided by the lens focal length. The smaller the f-ratio, the wider the field of view. The f-
ratio is given as f/n where n is typically larger than 1. The iPhone X wide angle rear camera is f/1.8, the telephoto rear camera is f/2.4, and the front camera is f/2.2.




ORIGINAL 
IMAGE

NEW IMAGE

Processing

Original Subject

Print of Image

The iPhone takes a snapshot of a subject. Internally in the iPhone there is some processing to generate a JPEG formatted image as an output. The image may in turn be 
processed some more with an application, like the Photos app. The image can be sent to a printer to produce a printed image that will hopefully look just like the original 
subject. The user can decide to render the final image to be exactly the same as the original, or the user can adjust the colors in an artful rendition.



DEFINITIONS

Images can be a Pretty Picture

Images can also contain information in 4 dimensions: 

Spatial - location of pixel using x,y axis

Spectral - the “color” (blend of RGB) of a pixel

Radiometric - the brightness of a single pixel

Temporal - take pictures of same area at many times

For a typical iPhone user, images are simply pretty pictures.


In every image, there is information about the image. Some of this includes: 1) Spatial, meaning information in the X and Y coordinates, such as the position of a given 
pixel in the image, 2) Spectral, meaning the color value of a pixel, 3) Radiometric, meaning the intensity or brightness of a given pixel where 0 is dark and, say, 256 is full 
intensity, and 4) Temporal, meaning the date/time that the image was taken.



IMAGE FORMATS

JPEG - OLD universal format, very 
lossy (2-6 MB)

HEIF - (or HEIC) NEW universal 
format, less lossy (1-3MB)

HEIC 2.4MBJPEG 5 MB

Although all iPhone cameras are capable of producing a RAW image (no processing done on the image), when using the Camera app, all images are processed and 
delivered as a JPEG image (the extension is .jpg). A JPEG image is compressed, meaning that pixels of the same or similar color value are removed. A scene with very 
little texture will be highly compressed, whereas a scene with a lot of texture will be less compressed. In iOS11, Apple introduced a new compression algorithm called 
HEIF. The extension is .heic. This compression algorithm produces a much smaller image yet the image itself is truer in appearance to the original image.


In the Camera settings under Format (if your camera has this option), you can choose to set the format as “Most Compatible,” meaning to use the older JPEG 
compression, or as “High Efficiency,” meaning to use the HEIF compression.



IMAGE FORMATS

Raw - Camera specific, lossless (12MP camera ~ 
12MB image), Not possible with Apple Camera app

PSD - Adobe specific format, proprietary, lossless 
but HUGE (12MB image can increase to 240MB)

Others: PNG, DNG, TIFF, GIF, BMP, HDR, etc.

Exif - data about the data - metadata

The iPhone camera is given as a 12 megapixel camera. If no compression is done on the image, then the output is a RAW image and will be 12 megabytes in size (1 pixel 
per byte). But since the Camera app compresses the image, the size can be anywhere from a few hundred kilobytes to several megabytes, but always much less than 12 
megabytes.

 

The Adobe PSD format is a lossless image and always at least 12 megabytes. With any amount of processing, the image size can grow to several hundred megabytes 
because every change during editing is recorded in the image as a history.


Some other lossless formats are PNG, DNG, and TIFF. Of these DNG and TIFF may also contain edit history, depending on the application used and the method for 
saving the results.


A GIF image is actually several consecutive images, usually a minimum of 8, that appear as a short movie clip when displayed.


The BMP format is a bitmap image that may or may not be compressed.


The HDR format is a High Dynamic Range image. The actual image won’t show .hdr as the extension since it can be any of the above image formats where two or more 
images were taken at different exposures (either a different ISO setting of the same time or a different time setting with the same ISO) and then combined to give the best 
quality of contrast and color. ISO is related to film photography where the iSO value is the film’s sensitivity to light. The lower the ISO, the less sensitive the film is to light. 
For digital cameras, the lower the ISO value, the longer the exposure time must be to produce the same image brightness.


All information stored in an image, such as GPS coordinates, date, and time, can be stored using one of several different data formats. A typical JPEG image contains 



IMAGE SIZE

• The image size dependent on the number and sensitivity 
of pixels in the sensor

• Bigger sensors can contain more pixels 

• More pixels means better spatial resolution of pictures

• However, more pixels ins the same size sensor can also 
mean smaller pixels

• Smaller pixels usually capture less light (8 bit vs 10 bit)

The output image of a digital camera is dependent on both the number of pixels in the camera chip and the size of each pixel in the chip.


Bigger pixels collect more light. Bigger chips can contain more pixels.


More pixels means better resolution, or a higher bits per inch (BPI).


However, increasing the number of pixels in the same size chip means every pixel has to be smaller, and that means each pixel can collect less light before it saturates 
(fills up with photons). Think of a pixel like a water bucket. You can carry more water in a larger bucket. So a  12 megapixel chip that is ¼” x ¼” will be less sensitive to 
light than a 12 megapixel chip that is 1” x 1”. A 12 megapixel DSLR will undoubtedly be more sensitive to light than a 12 megapixel iPhone due to miniaturization of parts 
for the iPhone.



PIXEL SIZE EXAMPLES
Format Camera Sensor Size Area Pixels Pixel Size

Medium 
Format

Kodak KAF 3900 49.8 x 36.9 mm 1837 mm2 51.6 MP 35.6 nm2

Full Frame Nikon D800 36 x 24 mm 864 mm2 36 MP 24 nm2

Full Frame Canon 6D 36 x 24 mm 864 mm2 20.2 MP 42 nm2

APS-H Canon 1D 28.7 x 19 mm 548 mm2 16.1 MP 34 nm2

APS-C Nikon Coolpix 23.6 x 15.7 mm 370 mm2 14 MP 26 nm2

APS-C Canon T5i 22.2 x 14.8 mm 329 mm2 18 MP 18 nm2

APS-C Sigma SD1 24 x 16 mm 384 mm2 46 MP 25.6 nm2 
Four Thirds Olympus OM-D E-

M1
17.3 x 13 mm 225 mm2 16.3 MP 13.8 nm2

1/CX Nikon 1 13.3 x 8.9 mm 119 mm2 10 MP 11.9 nm2

1 / 2.3 Pentax Q 6.2 x 4.5 mm 28 mm2 12.4 MP 2.3 nm2

1 / 1.5 Nokia 1020 7.8 x 5.9 46 mm2 41 (34) MP 1.3 nm2

1 / 3 Apple iPhone 4.8 x 3.6 mm 17 mm2 12 MP 2.2 nm2

This is a comparison of different camera chips. If you wanted the highest resolution with the greatest sensitivity, the Kodak KAF 3900 would be it.


A full frame digital camera is equivalent to a 35mm film camera. See https://en.m.wikipedia.org/wiki/Full-frame_digital_SLR. 



DEFINITIONS

Humans see on average 10 million different colors

Camera sensor can only measure Red, Green or 
Blue light but only use 25%, 50%, or 25 % of the 
light

Monitors only have Red, Green and Blue pixels

Printers blend magenta, yellow, cyan and black to 
make colors

The brain renders images from the eye at about a frame rate of 1 every 17 ms. Furthermore, the brain averages the images from the eye. The eye has to wiggle constantly 
to prevent the image from a constant “stare” from disappearing. We call that a “blackout.”


Cameras can “stare” at an object long enough to fill the pixels with photons. If all the pixels become saturated, the result will be a totally white image. We call that a 
“blowout.”


The camera’s pixels are masked with a color filter in an array of four pixels to a group. In each group, there is one red filter, one blue filter, and two green filters. Hence, 
overall, the entire sensor is collecting 25% of the available light for red, 25% of the available light for blue, and 50% of the available light for green. This matrix is called a 
Bayer matrix after the man who invented it. This matrix is designed this way to mimic the color sensitivity of the human eye. 


Each color dot on the display is actually three distinct pixels. One is red, one is green, and one is blue. If the intensity of all three pixels is the same, the color will be some 
gradient from black to white.


Printers blend magenta, yellow, cyan, and black to produce the same image. A printer then shoots out four distinct dots of color per image bit. If the printer is printing at 
72 dots per inch (DPI), the image resolution won’t be as good as if the printer is printing at 300 DPI. If the image being printed is stored as a lossy JPEG image, it doesn’t 
help much to print at a higher resolution than 72 DPI. If the image being printed is stored as a RAW image, then a higher DPI definitely improves the quality of the printed 
image.


However, if the JPEG image is very large, such as from a 12 megapixel camera rather than from a 6 megapixel camera, then printing a 4 x 6 photo at 300 DPI definitely 
improves the quality of the printed image. Still, a RAW image will have a much better print quality than a JPEG image and make it possible to print onto a much larger 



MORE DEFINITIONS

Camera: Pixels - number of points of measured light (sensor)

Monitor Resolution: HDMI (1920 x 1080), 4K(4096 x 2304), 
or 5K(5120 x 2880) the number of pixels on the screen

Print: PPI - pixels per inch, the larger the number the better 
the “sharpness” when you print

Printer: DPI - Dots (of ink) per inch, the larger the number 
the “better” the resolution (4 dots min per pixel) - 1400 to 
2800 dpi

You can have a 50 megapixel camera, but if you are displaying on a standard resolution monitor, then you will not to be able to see the full dynamic range of the original 
image on the monitor. The image is compressed simply by displaying on standard monitor. 


Monitors also come with different ratings for contrast. The higher the contrast rating, the better will be the tonality or gradient change in an image (the dynamic range). A 
5K monitor is capable of giving a much closer true-to-life image, but only if the displayed image has the same or greater than resolution of the monitor itself.



As can be seen in this image, printing or displaying at a higher resolution produces a sharper image. If you intend to produce high quality photographs, you need a high 
resolution monitor and be working with RAW images. No matter how hard you try, you can’t make a JPEG image look as good as a RAW image.



TAKING A PICTURE

Frank: “OK, John, I have set the stage, now show us how to take a picture!”



Hold the camera steady

Rule of thirds

Light, Shadow and contrast

What is your subject?

Holding the elbows into the chest will assist in keeping the camera steady.


Set the grid to display on the screen. This identifies the “rule of thirds.” Place your subject either at one of the crossings or along one of the lines, never in the middle. 
Close-ups of faces should put the eyes at the top line and the mouth at the bottom line.


When shooting a subject that in the shadows where a bright background is present, you either need to take three or more shots at different exposure settings or use the 
HDR (High Dynamic Range) mode of the camera. That said, the HDR mode of the Camera app isn’t much better than not using it simply because the image is 
compressed. So use an app like ProCamera to capture a RAW image, set the exposure to get the best detail in the highlighted portion (not blown out), capture a second 
exposure to get the best detail in the shadows, and combine the images in post processing. Even the HDR mode of ProCamera is not much better than the HDR mode of 
Camera simply because the resulting image is a JPEG.


The subject of your photography session determines the lighting required and how you orientate the camera. Portrait photography means holding the iPhone vertically - 
portrait mode. Landscape photography means holding the iPhone horizontally - landscape mode. And always hold the iPhone in landscape mode when taking any video.



CAMERA APP

Time-Lapse - takes footage at selected intervals to 
create a “time-lapse” video (sped up drastically)

Slo-Mo - Video records as normal, but in play 
back it is slowed down

Portrait - on 7 Plus, 8 Plus and X only

The Camera has several features that are worth experimenting with. The Time Lapse feature requires that you have the iPhone mounted on a tripod and leave it there for 
the duration of the time lapse session. How else will you be able to capture a rose bud blossom?


The Slo-Mo (slow motion) feature lets you capture a quickly moving action and slow it down to see the action in slow motion. The first and last second of the captured 
video is at regular speed, but everything in the middle is like 10x slower.


The Portrait mode (only on 7+, 8+ and X) uses the telephoto and wide angle lenses such that the foreground is in focus and the background is out of focus. If your 
subject is too close to the camera, you will see a warning on the display, “Move farther away.” You will also see at the bottom of the display an option choose the type of 
lighting effect. The choices are Natural Light, Studio Light, Contour Light, Stage Light, and Stage Light Mono. With the latter two, you get a circle on the display within 
which the subject is supposed to be placed.



CAMERA APP

Video - short professional quality movies

Photo - 4:3 aspect ratio

Square - used by many social media apps

Pano - Panoramic wide angle auto stitched view

In Settings, you can choose the resolution of the video output, depending on which iPhone you have. For the iPhone 8+, it ranges from 720p HD at 30 FPS to 4K at 60 
FPS.


When taking any photo with the Camera app, the aspect ratio is always 4:3. Third party apps, like ProCamera, allow setting the aspect ratio to many other choices. Keep 
in mind, though, that the camera sensor is 4:3, so a photo aspect ratio of 16:9 will actually crop the top and bottom of the subject and therefor will not be using all the 
pixels available in the camera. So the suggestion is to always shoot with a ratio of 4:3 and do your own cropping in post processing.


The Square mode is made available to allow you to frame your subject for avatar images. Keep in mind that you can always crop a 4:3 photo to 1:1 in post processing.


The Pano mode (Panoramic) allows you take a series of single frames in succession to be automatically stitched together in a wide angle image. The arrow shows you 
the direction that you must move the camera in, where the default is left to right. Tapping on the arrow changes the direction of movement. Moving too fast will result in a 
poorly stitched result. Moving too slowly will not allow you to get a full 360 degree panorama. The best way to move the camera would be to hold the camera in a fixed 
location in space and rotate the camera. For a 360 degree panorama, you need to move around the camera, not the camera around you, or place it on a tripod. For any 
panorama taken, your time is up when the arrow reaches the far side of the display, or you can tap again on the capture button to stop the capture.



There are three sides to every photo. These are shutter speed, aperture, and ISO. The Camera app doesn’t allow you to change any of these. The only adjustment you 
can make with Camera is Exposure. By moving the Exposure square around on the display, you are telling the camera to adjust for brightness, or light intensity, which is 
similar to adjusting the aperture. In reality, behind the scenes, Camera is adjusting all three for the best effect.


Actually, you can include focus as a primary adjustment for every photo. Before you take a photo, tap on the screen where you would like the focus to be. Then slide your 
finger up and down on the screen to adjust the lighting.


Other apps allow you to position one box where you want the focus and another box where you want the lighting.



STORAGE

John: “Frank, I just took a picture, but I can not find it. Where is it stored??”



STORAGE

On iOS device, ALWAYS stored in the Photos App

Can also be stored in iCloud Photo Library

Non-Apple software ALWAYS asks to use Photos Library

On Mac, either in a file folder or in Photos library

Can also use iCloud Photo Library if photo placed in Photos 
App

Dependent on method used to put image on the Mac

People always ask, “Where is my photo stored?” On the iOS device, it is always stored in the Photos library with access only by the Photos app. Some third party apps 
will ask if it is okay to access the Photos library.


In addition to being stored in the iPhone, photos can also be stored in the iCloud Photo Library. This is both a blessing and a curse. As a blessing, photos stored in 
iCloud Photo Library are instantly available on all other devices that also access iCloud Photo Library (and they are on the Internet). In addition, any change made to a 
photo on one device is automatically updated on all other devices (if they are on the Internet). As a curse, it is a two-edged sword, because one way it uses your data 
bandwidth to transfer the photo back and forth (once for each device), and another way by more than likely exceeding the 5GB free space in iCloud. Do NOT rely on 
iCloud Photo Library as a backup of your photos.


By using the “My Photo Stream” feature to share photos between devices, the photos are only transferred between devices when they are on the same Wi-Fi network. In 
addition, any change made to a photo on one device is not synchronized to any other device. 


On the Mac, you have a choice to use the Photos Library or any folder location using a third party application - like Picasa. If you do not use the Photos Library, then the 
only way to share with other devices is with more third party apps, like PhotoSync or iTransfer, and that gets to be quite labor intensive.



STORAGE

Storage requirements dependent on data format

File size, largest first: PSD, TIFF, RAW, JPG, HEIF

Apple Photos (MacOS & iOS) is both an 
application, and a simplified data base

iCloud Photos Library paid service (5GB free, 
200GB $3.00, 2TB $10.00)

If you’re just taking photos with Camera with the resulting JPEG or HEIF format, you can probably fit all your photos in a 128 GB thumb drive.


If you’re taking all your images in RAW, then you need a lot of storage space. 


If you are using Adobe Photoshop and saving your images in PSD format with full history, then you need a LOT more storage space. 


If you are taking a lot of long videos, then you need MUCH MORE storage space.


If you choose to use iCloud Photos Library, the cost for additional storage space is $3/month for 200 GB and $10/month for 2 TB.


An alternative is to buy your own 5TB hard drive and connect it up as a shared drive to your router wherein you can access the drive from the Internet - with proper 
precautions for network security. This doesn’t get around any limitations that you might have on data bandwidth, and it also doesn’t mean that your photos are 
automatically synchronized between devices. It is just a way to be able to access your photos on the Internet. Dropbox, Google Drive, One Drive, Amazon Drive, and 
others like it can be another alternative. If you don’t mind giving away all your rights to your photos, you can store them on Pinterest or other social media. As a final 
solution, you can create your own website and store all your photos in a secure folder there, and using an app like JAlbum lets you create beautiful ways to access those 
photos.



SHARING

Frank: “John, now that you know where your photos are, can I share them with my kids?”



SHARING

Messages

Mail

iCloud Photo Sharing

Add to Notes

Save PDF to iBooks

In any Apple app, wherever you see that little box with an arrow pointing up through the top line of the box, that is the share icon. When in your photos library, you first 
need to select the images that you want to share. Let’s try this in the iOS device Photos app.


It doesn’t matter really what mode you are in, but it does help to be either looking at images in an album or be in the Moments category. Either way, in the upper right 
corner of the window you should see a “Select” option. Tap on it. Then tap on any number of images that you want to share. Next, tap on the Share icon in the lower left 
of the window. In the next window you will be shown how many images have been selected. At the bottom of that window are the many,  many ways to share those 
images. On my iOS device, I have 9 ways to share: Message app, Mail app, add to Notes app, Facebook, Google+, Hangouts, Transfer app, PhotoSync app, and save as 
a PDF to iBooks.



SHARING

More (…)

Your choice of Apps

Wherever you see More, tapping on that will take you to another window where you can select many more options for sharing your images.



TRANSFERRING

Transferring in this sense refers to adding the images selected to another app.



TRANSFER

Copy

Slideshow

Airplay

Add to Album

Create Watch Face

Use as Wallpaper

Hide

Save to Files

Duplicate

Assign to contact

Print

More

At the bottom of the Share window are are number of other ways to work with that selection. I see Copy, Slideshow, Add to Album (I use that a lot), Create Watch Face (I 
don’t have an Apple Watch), Hide, Save to Files, Save 5 images (I have 5 images selected), Duplicate, and Print.


Of course, you also transfer images to another device using Airplay or assign an image to a person in Contacts.



PROCESSING

Processing an image is only done if you are not satisfied with how it looks. Maybe it needs the shadows to be brought out, or a tweak to make the colors stand out more.



USING PHOTOS’ EDIT

Open Photos and Select a picture

Tap Edit at upper right

Wand - auto enhance 

Done: saves as JPG (every save of a JPG file 
reduces quality)!!! Cancel: saves as original

To process an image, you need to select it and then select Edit. If the image is on the iOS device and it is something that was downloaded from a Mac using the My 
Photo Stream option, then you have to duplicate the image before you can edit it. The duplicated image is then transferred back to the Mac with My Photo Stream. You 
do need to pay close attention to the date that shows in the top of the window when you are done editing, because that’s where you will find that duplicate. The original 
might be under, say, November 16, 2017 but the duplicate might now be found under November 29, 2017.


In Photos on the Mac, when editing an image you might just try using the Wand image (upper right on the Toolbar) to do an auto enhance.


No matter what format the original photo was in, the edited photo will be saved as a JPEG, and that reduces the clarity of the image every time you open and edit the 
image. This will be most noticeable as bands of color in the sky or a pastel looking skin color in people.


You can always recover to the original image if need be. You might try duplicating the image first and just do the edits on the duplicate.



USING PHOTOS’ EDIT

Rotate/crop/reformat 

Using “canned” filters (3 circles)

Adjust (circular dial) 

Light - “canned” adjustments, or more detailed

Color - “canned” or more

B&W - “canned” or more

In the latest Photos app on the Mac there are quite a few new editing features, many of which can be found in Photoshop. Each editing feature has an Auto button, a 
Redo button, and a Hide button. Try selecting the Auto feature and then click on the blue check button to see the before and after. Play with the sliders to see what they 
do.


In the upper left of the window there is an icon that shows you the untouched original. Click and hold on it, then release.



USING PHOTOS’ EDIT

More/Markup - using any photo in MacOS, screen 
shots only in iOS

Change pen size

Change color

Erase

Text/Signature

As if all the features in Photos editing isn’t enough, if you want more, then you can click on the More icon (...) in the Toolbar and select Markup. This lets you use 
Preview’s editing features in Photos.


And if you want still more, click on the More... option of (...) to select from dozens of apps that work with Photos - some of which can be a little pricey.



IOS CAMERA APPS
Camera HDR ProCamera RAW+

Let’s take a look at a few of the iOS apps for taking photos.


If you want to take RAW images, then you’ll have to use either ProCamera or RAW+. In these examples, all of the images are taken with the HDR option selected. The top 
row shows you a screenshot of the iPhone and the bottom row shows you the actual untouched photo.



IPHONE HDR

HDR Normal

Here’s an example of using the iPhone camera with and without the HDR option turned on. Personally, I like the Normal image better. Where the HDR option shines is 
when you are indoors and you are taking a photo of something on a wall and there’s a window next to the target - and you want both in the picture. The HDR image will 
show you detail in the window that the Normal image won’t show.



DSLR HDR

If you have a DSLR (Digital Single Lens Reflex) camera, like a Nikon or Canon, to get a decent HDR image you have to take at least three shots at different exposures. 
Usually the exposure stops are +2, -2, and 0. Then you have to combine the images with an HDR application. The results as shown are phenomenal!



INTRODUCTION TO PHOTOGRAPHY

Introduction

Taking a picture

Storage
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Frank: “We have only touched the surface. If we have intrigued you to learn more, sign up for John’s OLLI class this summer at YC. This was NOT a paid 
announcement…”


