@ Real Image vs Virtual Image

(1] Real Image

e Formation: Light rays actually meet (converge) after reflection/refraction.
e Surface: Formed by concave mirrors (when object is beyond focus) or convex
lenses.
e Properties:
o Can be projected on a screen.
o Usually inverted compared to the object.
o Example: Image on a cinema screen formed by a projector lens.

[Z] Virtual Image

e Formation: Light rays appear to meet when extended backward (they don’t
actually converge).
e Surface: Formed by plane mirrors, convex mirrors, and concave lenses.
e Properties:
o Cannot be projected on a screen.
o Always erect (upright).
o Example: Your reflection in a bathroom mirror.

Here’s a simplified and student-friendly version of the mirror ray rules, organized clearly
with a diagram:

& Mirror Ray Rules (Concise Summary)

1. Parallel Ray Rule
a. Concave Mirror: Ray parallel to principal axis > reflects through focus (F)
b. Convex Mirror: Ray parallel to axis > appears to diverge from focus (F)
2. Focus Ray Rule
a. Concave Mirror: Ray through focus (F) > reflects parallel to axis
b. Convex Mirror: Ray directed toward focus (F) - reflects parallel to axis
3. Centre of Curvature Rule
a. Both Mirrors: Ray through centre of curvature (C) - reflects back along
same path
4. Oblique Ray Rule
a. Both Mirrors: Ray hitting pole (P) at an angle > reflects at equal angle (law
of reflection)



@ Mirror Ray Rules Made Easy

EParallel Ray Rule

e Concave Mirror: A ray parallel to the principal axis reflects through the focus (F).
e Convex Mirror: A ray parallel to the axis reflects outward, appearing to come from
the focus (F) behind the mirror.

@Focus Ray Rule

e Concave Mirror: Aray passing through the focus (F) reflects parallel to the
principal axis.
e Convex Mirror: Aray directed toward the focus (F) reflects parallel to the axis.

[3] Centre of Curvature Rule

e Both Mirrors: A ray passing through or directed toward the centre of curvature (C)
reflects back along the same path.

@ Oblique Ray Rule

e Both Mirrors: A ray hitting the pole (P) at an angle reflects at the same angle (law of
reflection).

& How to Identify Using Reflecting Surface

Reflecting

Image Type How to Know
Surface

Rays don’t meet; image appears
behind mirror, upright, same size.

Plane Mirror | Virtual

Real (object beyond focus) /

Concave . . If rays converge - real; if rays
. Virtual (object between focus & . .
Mirror . diverge but appear to meet - virtual.
mirror)
Convex . Rays diverge, image appears smaller
Virtual

Mirror and behind mirror.




Real (object beyond focus) / Converging rays - real; diverging
Convex Lens

Virtual (object inside focus) rays extended backward - virtual.
Concave . Rays diverge, image appears smaller
Virtual .
Lens and upright.

id@ Eye vs. Camera Analogy
e Myopia (Nearsightedness)

e Imagine a camerathat’s permanently zoomed in. It takes great close-up shots, but
distant scenes are blurry. That’s like an eye with myopia — it focuses light in front of
the retina, so far objects look fuzzy.

e Hypermetropia (Farsightedness)

Now picture a camera that’s stuck in wide-angle mode. It captures distant views clearly
but struggles with close-ups. That’s hypermetropia — the eye focuses on light behind the
retina, making nearby objects blurry.

e Presbyopia (Age-related Farsightedness)

Think of an old camera with a stiff lens that can’t adjust focus anymore. Whether the
subjectis near or far, it’s hard to get a sharp image. That’s presbyopia — the lens loses
flexibility with age, affecting both near and far vision.

e @ Myopia (Nearsightedness)
o Lensused: Concave lens (also called a diverging lens)
o Reason: Eyeballis too long, or the cornea is too curved, causing light rays
to focus in front of the retina.
o Function: Spreads out light rays so they focus directly on the retina.
e ® Hypermetropia (Farsightedness)
o Lensused: Convex lens (also called a converging lens)
o Reason: Eyeballis too short, or the cornea is too flat, causing light rays to
focus behind the retina.
o Function: Bends light rays inward to help them focus on the retina.
e ©U Presbyopia (Age-related Farsightedness)
o Lensused: Convex lens or Bifocal lens
o Reason: Caused by loss of flexibility in the eye’s lens due to aging.
o Function: Helps focus light from both near and far objects onto the retina,
compensating for the stiff lens.



& Real Image Example

e Concave Mirror (Headlight or Solar Cooker)
o Ifyou place a bulb atthe focus of a concave mirror, the reflected rays
actually converge and form a real image in front of the mirror.
Thisimage can be caught on a screen.
Example: In a cinema projector, the lens forms a real inverted image on the
screen.

@& Virtual Image Example

e Plane Mirror (Bathroom Mirror)
o Whenyou stand in front of a plane mirror, the rays appear to come from
behind the mirror, but they don’t actually meet there.
The image is virtual, upright, and same size as you.
You cannot project this image onto a screen — it only appears inside the
mirror.
e Convex Mirror (Car Rearview Mirror)
o Rays diverge after reflection, and their extensions meet behind the mirror.
o Theimage is virtual, smaller, and upright.
o Example: The wide view you see in your car’s side mirror.

Focal length determines how much of a scene a lens captures and how close or far
objects appear. Zoom lenses allow changing focal length to zoom in or out. They're
used in photography, videography, mobile cameras, and surveillance.

@ What Is Focal Length?

o Definition: Focal length is the distance (in mm) between the lens and the image
sensor when the subjectis in focus.
e Effect: It controls the field of view and magnification.
o Shortfocal length (e.g., 18mm) > Wide view, less magnification
o Long focal length (e.g., 200mm) > Narrow view, high magnification



& Types of Focal Length

Type Range Use Case Image Effect
. 10-35 Landscapes, Captures large area, slight
Wide-angle . . .
mm architecture distortion
35-70 Portraits, street Natural perspective, balanced
Standard )
mm photography view

70-300 Wildlife, sports,

Telephoto . Zooms in on distant subjects

mm surveillance
Super 300 L e

Birding, astronomy Extreme magnification

Telephoto mm-+

50-105 Close-up of small High detail, shallow depth of
Macro . .

mm objects field

% How Focal Length Works

e Short focal length > Light rays bend more > wider image
e Longfocallength > Light rays bend less > zoomed-in image
o |t affects depth of field, background blur, and compression of space.

@, Whatls aZoom Lens?

e Zoom lens: Alens with variable focal length (e.g., 18-55 mm)
e Prime lens: Fixed focal length (e.g., 50 mm)
e Zoom lenses let you zoom in or out without changing your position.

@ Uses of Zoom Lenses

e Photography: Flexible framing without moving

e Mobile Cameras: Combine optical and digital zoom

e Security Cameras: Zoom in to identify faces or license plates
e Videography: Smooth zoom transitions during filming



e Binoculars & Telescopes: Magnify distant objects

& Focal Length & Magnification Explained

[1] Short Focal Length (Wide-Angle Lens)

e Ray Behavior: Rays bend sharply, spreading out.
e Image Effect: Wide field of view, small magnification.
e Use: Landscapes, architecture, group photos.

@ Medium Focal Length (Standard Lens)

e Ray Behavior: Rays bend moderately.
e Image Effect: Natural perspective, moderate magnification.
e Use: Portraits, everyday photography.

@ Long Focal Length (Telephoto Lens)

e Ray Behavior: Rays bend slightly, staying closer together.
e Image Effect: Narrow field of view, high magnification.

e Use: Wildlife, sports, surveillance.

@ Magnification Formula

[ M =\frac{\text{Image size}}{\text{Object size}} ]

e Short focal length > (M < 1) (object looks smaller)
e Longfocallength~>(M>1) (objectlooks larger)

Diagram (Side-by-Side Concept)

o Left panel: Wide-angle lens - rays diverge > small image.
e Middle panel: Standard lens - rays balanced - natural image size.
e Right panel: Telephoto lens > rays nearly parallel > magnified image.

Here’s the well-labelled image diagram that explains the different focal lengths and their
magnification clearly.



Click/open the card above to view the diagram.
Considering lens magnification

I need to explain magnification using basic lens formulas like m =v/uorm=h_i/h_o. |
should keep it simple and not delve into telescopes. Also, | want to cover ray diagrams — if
the image is virtual and upright, mis positive; if it's real and inverted, m is negative. I'll also
add some practical examples, like for a concave lens. Plus, myopia and hypermetropia will
come into play when I'm discussing lens power and magnification for different cases. I'll
walk through these with clear steps, making sure to cover those three key concave and
convex lens cases.

Lens maghnification basics
e Definition:
o [ m={h_i}/{h_o}={v}/{u}

e where (m)is magnification, (h_i) and (h_o) are image/object heights, and (v) and (u)
are image/object distances from the lens (with signs per convention).

e Lens equation (to find (v)):

[{1Af={1Mv+H{1}{ul]

where (f) is the focal length (convex: (f>0), concave: (f<0)).

Sign convention you must use

e Distances measured toward the incoming light (object side): (u<0).
e Distances measured on the outgoing side (image side): real images (v>0), virtual
images (v<0).
e Magnification sign:
o (m>0)~>image is upright (virtual for single lenses).
o (m<0)~>imageisinverted (real).
e Size meaning:
o (Jm]<1)~>diminished.
o (Jm|=1) > same size.
o (Jm|>1)~> magnified.



Concave lens (diverging) cases

e Object atfocus (F):

o Therefracted rays emerge parallel; the image forms at infinity.

o (Jv/\to\infty \Rightarrow m=\frac{v{uhto\infty) in theory, but practically “no

finite image” on a screen; the eye sees a very spread, non-forming image.

e Object beyond the focus ((Ju]>|f])):

o Image isvirtual, upright, and smaller on the same side as object ((v<0)).

o Compute (v) using the lens equation; then (m=v/u) with (|m|<1).
e Object within the focus ((Jul<|f])):

o Stillvirtual, upright, smaller ((v<0,\ |m|<1)).

o Usethe same equations.

Tip: For any concave lens, a single real image is not formed; (m) is positive and typically
(Im]<1).

Convex lens (converging) cases you’ll see in hypermetropia/presbyopia
correction

e Object beyond (2F): real, inverted, smaller ((v) between (F) and (2F)); (m<1) and
negative.

e Object at (2F): real, inverted, same size; (m=-1).

e Object between (F) and (2F): real, inverted, larger; (|m|>1) and negative.

e Object within (F): virtual, upright, larger; (v<0,\ m>1).

& Explanation of the Diagram

E Wide-Angle Lens (Short Focal Length ~18mm)

e Ray Path: Rays bend sharply and spread out.
e Image: Small, covers a wide area.

e Magnification: (M<1).

e Use: Landscapes, architecture, group photos.

(2] Standard Lens (Medium Focal Length ~50mm)

e Ray Path: Rays bend moderately.

e Image: Natural size, balanced perspective.
e Magnification: (M=1).

e Use: Portraits, everyday photography.



@ Telephoto Lens (Long Focal Length ~200mm)

e Ray Path: Rays bend slightly, stay closer together.
e Image: Large, zoomed-in subject.

e Magnification: (M >1).

e Use: Wildlife, sports, surveillance.

[4] Macro Lens (~100mm close-up)

e Ray Path: Rays converge tightly at close distance.

e Image: Extremely detailed, magnified view.

e Magnification: Much greater than 1 (can reach 5x or more).
e Use: Insects, flowers, fine textures.

Focal length and magnification

Short focal Medium Long
length focal length focal length
Magnification <1 Magnification =1 Magnification > 1

& Diagram Breakdown

® Convex Lens (Converging)

e Lightrays enter parallel and converge at a focal point on the right.
e Short focal length (50mm) > rays converge quickly.
e Long focal length (280mm) > rays converge farther away.

e Used in: Cameras, magnifiers, headlights.
@ Concave Lens (Diverging)

e Light rays enter parallel and diverge outward.




Dotted lines show virtual focal points behind the lens.

Short focal length (50mm) > rays diverge sharply.

Long focal length (280mm) - rays diverge gently.

Used in: Peepholes, corrective glasses, and beam spreaders.

<9 Image Formation by Car Mirrors

@ Rearview Mirror (Plane Mirror)

Type: Plane mirror

Image: Same size, upright, laterally inverted (left-right reversed)

Use: Shows vehicles directly behind the car

@ Side Mirrors (Convex Mirrors)

Type: Convex mirror
Image: Smaller, upright, virtual, appears farther away
Use: Wider field of view for adjacent lanes

@ Blind Spot Mirrors (Convex Mirrors)

Type: Small convex mirror
Image: Very small, upright, virtual
Use: Reveals hidden vehicles in blind spots

@ Parking/Reverse Mirrors (Wide-Angle Convex)

Type: Convex mirror
Image: Wide, compressed, upright
Use: Shows ground and obstacles behind the car

[5] Headlight Reflectors (Concave Mirrors)

Type: Concave mirror
Image: Real and focused beam
Use: Focuses light into a strong beam for night driving

@ Digital Mirrors (Camera + Screen)

Type: Not a mirror — uses real-time video
Image: Real-time feed, wide-angle, often enhanced
Use: Replaces traditional mirrors with screens



Motor vehicle headlights, car headlights, and torches all use a concave mirror. It
works by focusing light on a strong, parallel beam.

4 How a Concave Mirror Works in Headlights and Torches
g Type of Mirror Used: Concave Mirror
"\\‘.. Working Principle:

e A concave mirror has an inward-curved surface.
e Alight bulb is placed at the focus (F) of the mirror.

e Lightraysfrom the bulb spread in all directions, but the concave mirror reflects
them into a parallel beam.

e This creates a strong, focused light that travels far — ideal for night driving or
illuminating dark areas.

&9 Applications

Device Mirror Type Purpose Image/Light Behavior
. Concave Projects light far ahead Reflects light as a parallel
Car Headlight .
Mirror on the road beam
Motorbike Concave ) L
. ] Same as car headlights | Focused beam for visibility
Headlight Mirror
Torch Concave [luminates distant Light rays become parallel
Mirror objects andintense

@ Why Concave Mirrors Are ldeal

e Focus light efficiently
e Increase brightness and range
e Create directional beams instead of scattered light



2% How a Projector Works — Step-by-Step

1. Light Source: Inside the projector, a powerful lamp emits bright light.

2. Image Panel: The light passes through an LCD or DLP chip that contains the image
to be projected.

3. Lens System: A convex lens focuses and enlarges the image.

4. Projection: The image is thrown onto a screen, making it visible to the audience.

5. Observer: Watches the projected image from a distance.

Concave lens
Screen

I &=

Projector

Observer

G How Dentists See Teeth Clearly

e Concave Mirror: Dentists use a small concave mirror to reflect light and magnify
the image of the tooth. It helps them see hidden areas like the back of molars or
cavities.

e Bright Overhead Light: A focused beam of light illuminates the mouth, making it
easier to spotissues.

e Dental Probe: Used to gently touch and test the tooth surface.

e Patient’s Position: Reclined for better access and visibility.

e Dentist’s View: The mirror reflects a magnified image of the tooth into the dentist’s
eyes.



Concave
mirror

Reflection Patient Dentist
on the tooth

@, What Is Magnification?

o Definition: Magnification is the process of making an object appear larger than its
actual size.
e Formula:

Magnification(M)=Image size/Objectsize

e Types:
e Optical magnification: Uses lenses to enlarge the image.
o Digital magnification: Uses software to zoom in on pixels.

wex How Magnification Works in Different Cameras
£} Ccamera (DSLR or Professional)

e Uses: Zoom lenses with adjustable focal lengths.

e Howitworks:
o Optical zoom changes lens position to magnify the subject.
o Maintains image clarity and resolution.

e Example: Wildlife photography, sports, astronomy.
F) Mobile Camera

e Uses: Combination of optical and digital zoom.
e How itworks:

o Optical zoom (in high-end phones) uses multiple lenses.

o Digital zoom enlarges the image by cropping and enhancing pixels.
e Example: Portraits, close-ups, scanning documents.

E) security Camera



e Uses: Fixed or motorized zoom lenses.

e Howitworks:

o Optical zoom for identifying faces or license plates.

o Digital zoom for reviewing footage.

e Example: Surveillance in banks, airports, and homes.

9 Why Magnification Matters

e Improves visibility of small or distant objects.

e Enhances detail for analysis or identification.

e Supports safety and documentation in security and research.

Image formation by different mirrors in a car

) 3

Rear-view mirror
convex mirror

A

Side-view mirror
Convex mirror

)
)

Enlarging imirror

- (5/7-

Concave mirror

\%
-

Headlight mirror

Concave
mirror
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