REAL VS VIRTUAL IMAGES PHYSICS

UNDERSTANDING REAL VS VIRTUAL IMAGES IN PHYSICS

REAL VS VIRTUAL IMAGES PHYSICS IS A FUNDAMENTAL CONCEPT THAT OFTEN SPARKS CURIOSITY AND SOMETIMES CONFUSION IN
THE STUDY OF OPTICS. WHEN WE INTERACT WITH MIRRORS, LENSES, AND OTHER OPTICAL INSTRUMENTS, WE ENCOUNTER IMAGES
— BUT ARE THEY SOMETHING TANGIBLE WE CAN PROJECT, OR ARE THEY MERELY ILLUSIONS? THIS ARTICLE WILL DELVE DEEP INTO
THE DISTINCTIONS, PROPERTIES, AND FORMATION OF BOTH REAL AND VIRTUAL IMAGES, EXPLORING THE UNDERLYING PHYSICAL
PRINCIPLES THAT GOVERN THEIR EXISTENCE. WE'LL UNCOVER HOW LIGHT RAYS BEHAVE TO CREATE THESE DIFFERENT TYPES OF
OPTICAL REPRESENTATIONS AND DISCUSS PRACTICAL EXAMPLES THAT ILLUSTRATE THESE FASCINATING PHENOMENA.
(UNDERSTANDING THIS DISTINCTION IS CRUCIAL FOR COMPREHENDING EVERY THING FROM HOW OUR EYES WORK TO THE DESIGN OF
SOPHISTICATED OPTICAL TECHNOLOGIES.
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THe CorEe DIFFERENCE: REAL VS. VIRTUAL IMAGES

AT ITS HEART, THE DIFFERENCE BETWEEN REAL AND VIRTUAL IMAGES IN PHYSICS BOILS DOWN TO HOW LIGHT RAYS BEHAVE
AFTER INTERACTING WITH AN OPTICAL ELEMENT LIKE A LENS OR A MIRROR. A REAL IMAGE IS FORMED WHEN LIGHT RAYS FROM AN
OBJECT ACTUALLY CONVERGE AT A SPECIFIC POINT IN SPACE. THIS CONVERGENCE MEANS THAT IF YOU WERE TO PLACE A SCREEN
OR A DETECTOR AT THAT PRECISE LOCATION, YOU WOULD SEE A SHARP, DISCERNIBLE IMAGE. THINK OF IT AS A PHYSICAL
MANIFESTATION OF THE OBJECT THAT CAN BE CAPTURED. ON THE OTHER HAND, A VIRTUAL IMAGE IS FORMED WHEN LIGHT RAYS
APPEAR TO DIVERGE FROM A POINT, BUT THEY DON'T ACTUALLY MEET THERE. THESE RAYS WOULD HAVE TO BE TRACED
BACK\WARD TO FIND THEIR APPARENT ORIGIN. CONSEQUENTLY, YOU CANNOT PROJECT A VIRTUAL IMAGE ONTO A SCREEN; IT
EXISTS ONLY AS A PERCEIVED IMAGE IN YOUR EYE OR THROUGH AN OPTICAL INSTRUMENT.

FORMATION OF REAL IMAGES

REAL IMAGES ARE BROUGHT INTO BEING BY THE ACTUAL CONVERGENCE OF LIGHT RAYS. THIS CONVERGENCE TYPICALLY OCCURS
WHEN LIGHT RAYS ORIGINATING FROM A POINT ON AN OBJECT PASS THROUGH A CONVERGING OPTICAL SYSTEM, SUCH AS A
CONVEX LENS OR A CONCAVE MIRROR, AND MEET AT A CORRESPONDING POINT ON THE OPPOSITE SIDE OF THE OPTICAL ELEMENT
(OR ON THE SAME SIDE, IN THE CASE OF A CONCAVE MIRROR FORMING A REAL IMAGE). THE POINT WHERE THESE RAYS INTERSECT
IS WHERE THE IMAGE OF THE OBJECT IS FORMED. THE PROCESS IS GOVERNED BY THE LAWS OF REFRACTION AND REFLECTION, WITH
THE CURVATURE OF THE OPTICAL SURFACE AND THE REFRACTIVE INDEX OF THE MEDIUM PLAYING CRUCIAL ROLES. THE FURTHER
AWAY THE OBJECT IS PLACED FROM THE OPTICAL ELEMENT (BEYOND ITS FOCAL POINT), THE MORE LIKELY IT IS THAT A REAL
IMAGE WILL BE FORMED.

Key CHARACTERISTICS OF REAL IMAGES

SEVERAL DEFINING CHARACTERISTICS SET REAL IMAGES APART. MOST NOTABLY, THEY ARE ALWAYS INVERTED WITH RESPECT
TO THE OBJECT. THIS MEANS IF THE OBJECT IS UPRIGHT, THE REAL IMAGE WILL BE UPSIDE DOWN. THIS INVERSION IS A DIRECT
CONSEQUENCE OF HOW LIGHT RAYS FROM DIFFERENT PARTS OF THE OBJECT CONVERGE. FURTHERMORE, AS MENTIONED, REAL
IMAGES CAN BE PROJECTED ONTO A SCREEN OR A PHOTOGRAPHIC FILM. THIS IS BECAUSE THE LIGHT ENERGY IS CONCENTRATED AT
THE IMAGE POINT, ALLOWING IT TO BE CAPTURED. THE SIZE OF A REAL IMAGE CAN VARY, IT CAN BE MAGNIFIED (LARGER THAN
THE OBJECT)I DIMINISHED (SMALLER THAN THE OBJECT)I OR THE SAME SIZE, DEPENDING ON THE OBJECTIS DISTANCE FROM THE
OPTICAL ELEMENT AND THE FOCAL LENGTH OF THE LENS OR MIRROR.

ExAMPLES OF REAL IMAGE FORMATION

\W/E ENCOUNTER REAL IMAGES IN EVERYDAY LIFE AND IN SCIENTIFIC APPLICATIONS. A CLASSIC EXAMPLE IS THE IMAGE FORMED ON
THE RETINA OF YOUR EYE. LIGHT RAYS FROM THE EXTERNAL WORLD PASS THROUGH THE LENS OF YOUR EYE, WHICH ACTS AS A
CONVEX LENS, CONVERGING THE LIGHT TO FORM A REAL, INVERTED IMAGE ON YOUR RETINA. ANOTHER COMMON EXAMPLE IS THE
IMAGE FORMED BY A PROJECTOR. THE PROJECTOR LENS IS DESIGNED TO CREATE A MAGNIFIED, REAL IMAGE ON A DISTANT SCREEN.
SIMILARLY, THE OBJECTIVE LENS OF A TELESCOPE OR MICROSCOPE FORMS A REAL IMAGE OF A DISTANT OR SMALL OBJECT, WHICH
IS THEN FURTHER MAGNIFIED BY AN EYEPIECE TO PRODUCE A VIRTUAL IMAGE FOR THE OBSERVER.



FORMATION OF VIRTUAL IMAGES

VIRTUAL IMAGES ARE FORMED NOT BY THE ACTUAL CONVERGENCE OF LIGHT RAYS, BUT BY THE APPARENT DIVERGENCE OF THESE
RAYS. WHEN LIGHT RAYS FROM AN OBJECT STRIKE A DIVERGING OPTICAL ELEMENT, LIKE A CONCAVE LENS OR A CONVEX MIRROR,
OR WHEN THEY PASS THROUGH A CONVERGING ELEMENT BUT THE OBJECT IS PLACED WITHIN ITS FOCAL LENGTH (LIKE A CONVEX
LENS WHEN YOU LOOK THROUGH IT), THE RAYS SPREAD OUT. HO\)VEVER, OUR BRAIN INTERPRETS THESE DIVERGING RAYS AS IF
THEY ORIGINATED FROM A POINT BEHIND THE OPTICAL ELEMENT. THIS POINT OF APPARENT ORIGIN IS WHERE THE VIRTUAL IMAGE IS
PERCEIVED. BECAUSE THE LIGHT RAYS DON'T ACTUALLY CONVERGE THERE, A SCREEN PLACED AT THIS LOCATION WILL NOT
SHOW AN IMAGE. |T'S AN OPTICAL ILLUSION, ALBEIT A VERY CONSISTENT AND PREDICTABLE ONE.

Key CHARACTERISTICS OF VIRTUAL IMAGES

THE MOST CONSISTENT CHARACTERISTIC OF A VIRTUAL IMAGE IS THAT IT IS ALWAYS ERECT, MEANING IT IS ORIENTED IN THE
SAME DIRECTION AS THE OBJECT. IF THE OBJECT IS UPRIGHT, THE VIRTUAL IMAGE WILL ALSO BE UPRIGHT. THIS IS BECAUSE THE
APPARENT DIVERGENCE OF LIGHT RAYS FROM DIFFERENT POINTS OF THE OBJECT MAINTAINS THEIR RELATIVE VERTICAL POSITIONS.
ANOTHER CRUCIAL PROPERTY IS THAT VIRTUAL IMAGES CANNOT BE PROJECTED ONTO A SCREEN. THEY ARE FORMED BY THE
EXTENSIONS OF LIGHT RAYS, NOT BY THE RAYS THEMSELVES MEETING. YOU CAN ONLY SEE A VIRTUAL IMAGE BY LOOKING
THROUGH THE OPTICAL ELEMENT THAT FORMS IT, OR BY POSITIONING YOURSELF WHERE THE DIVERGING RAYS ENTER YOUR EYE.
LIKE REAL IMAGES, VIRTUAL IMAGES CAN ALSO BE MAGNIFIED, DIMINISHED, OR THE SAME SIZE AS THE OBJECT, DEPENDING ON THE
OPTICAL SETUP.

ExAMPLES OF VIRTUAL IMAGE FORMATION

PERHAPS THE MOST FAMILIAR EXAMPLE OF A VIRTUAL IMAGE IS THE ONE YOU SEE IN A PLANE MIRROR. THE IMAGE FORMED IS
UPRIGHT, THE SAME SIZE AS THE OBJECT, AND APPEARS TO BE AS FAR BEHIND THE MIRROR AS THE OBJECT IS IN FRONT. THIS IS A
CLASSIC VIRTUAL IMAGE. A MAGNIFYING GLASS, WHICH IS ESSENTIALLY A CONVEX LENS, FORMS A VIRTUAL, MAGNIFIED, AND
ERECT IMAGE WHEN THE OBJECT IS PLACED CLOSER TO THE LENS THAN ITS FOCAL LENGTH. THIS IS HOW WE USE IT TO SEE SMALL
DETAILS MORE CLEARLY. CONVEX MIRRORS, OFTEN USED AS SECURITY MIRRORS IN SHOPS OR SIDE-VIEW MIRRORS ON CARS, ALSO
PRODUCE VIRTUAL, DIMINISHED, AND ERECT IMAGES, PROVIDING A WIDER FIELD OF VIEW.

THE RoLE oF LENSES IN IMAGE FORMATION

LLENSES ARE OPTICAL DEVICES THAT REFRACT LIGHT, BENDING IT AS IT PASSES THROUGH. THEIR SHAPE DICTATES WHETHER THEY
CONVERGE OR DIVERGE LIGHT, WHICH IN TURN DETERMINES THE NATURE OF THE IMAGE FORMED. THE FOCAL LENGTH OF A LENS, A
MEASURE OF HOW STRONGLY IT BENDS LIGHT, IS A KEY PARAMETER IN PREDICTING IMAGE CHARACTERISTICS.

ConNvVEX LENSES AND IMAGE TYPES

CoNvVEX LENSES, ALSO KNOWN AS CONVERGING LENSES, HAVE A SHAPE THAT IS THICKER IN THE MIDDLE THAN AT THE EDGES.
W/HEN PARALLEL LIGHT RAYS PASS THROUGH A CONVEX LENS, THEY CONVERGE AT THE FOCAL POINT ON THE OPPOSITE SIDE.
DEPENDING ON THE OB_JECTIS POSITION RELATIVE TO THE FOCAL POINT:

® |F THE OBJECT IS PLACED BEYOND TWICE THE FOCAL LENGTH (2F>, A REAL, INVERTED, AND DIMINISHED IMAGE IS FORMED
BETWEEN F AND 2F ON THE OTHER SIDE.

® |F THE OBJECT IS PLACED BETWEEN F AND 2F, A REAL, INVERTED, AND MAGNIFIED IMAGE IS FORMED BEYOND 2F ON THE
OTHER SIDE.



® |F THE OBJECT IS PLACED AT 2F/ A REAL, INVERTED IMAGE OF THE SAME SIZE IS FORMED AT 2F ON THE OTHER SIDE.
® |F THE OBJECT IS PLACED AT THE FOCAL POINT (F), NO IMAGE IS FORMED AS THE RAYS EMERGE PARALLEL.

® |F THE OBJECT IS PLACED WITHIN THE FOCAL LENGTH (CLOSER THAN F)/ A VIRTUAL, ERECT, AND MAGNIFIED IMAGE IS
FORMED ON THE SAME SIDE AS THE OBJECT.

ConNcAVE LEnses AND IMAGE TYPES

CONCAVE LENSES, ALSO KNOWN AS DIVERGING LENSES, ARE THINNER IN THE MIDDLE THAN AT THE EDGES. THEY CAUSE PARALLEL
LIGHT RAYS TO DIVERGE AS IF THEY ORIGINATED FROM A FOCAL POINT ON THE SAME SIDE OF THE LENS AS THE INCIDENT LIGHT.
REGARDLESS OF WHERE THE OBJECT IS PLACED IN FRONT OF A CONCAVE LENS, IT WILL ALWAYS PRODUCE A VIRTUAL, ERECT,
AND DIMINISHED IMAGE ON THE SAME SIDE OF THE LENS AS THE OBJECT. THIS CONSISTENT BEHAVIOR MAKES CONCAVE LENSES
USEFUL IN APPLICATIONS WHERE A WIDER FIELD OF VIEW OR A REDUCED IMAGE SIZE IS DESIRED.

THE ROLE oF MIRRORS IN IMAGE FORMATION

MIRRORS REFLECT LIGHT, AND THEIR CURVATURE DICTATES HOW THE LIGHT RAYS ARE DIRECTED, LEADING TO THE FORMATION OF
EITHER REAL OR VIRTUAL IMAGES.

PLANE MIRRORS AND VIRTUAL IMAGES

A PLANE MIRROR IS A FLAT, POLISHED SURFACE THAT REFLECTS LIGHT. \W/HEN LIGHT RAYS FROM AN OBJECT STRIKE A PLANE
MIRROR, THEY ARE REFLECTED ACCORDING TO THE LAW OF REFLECTION (ANGLE OF INCIDENCE EQUALS ANGLE OF REFLECTION).
THESE REFLECTED RAYS DIVERGE, BUT OUR BRAIN TRACES THEM BACK TO FORM AN IMAGE THAT APPEARS TO BE LOCATED BEHIND
THE MIRROR. THIS IMAGE IS ALWAYS VIRTUAL, ERECT, AND LATERALLY INVERTED (LEFT AND RIGHT ARE S\)(/APPED), AND IT IS
THE SAME SIZE AS THE OBJECT AND LOCATED AT THE SAME DISTANCE BEHIND THE MIRROR AS THE OBJECT IS IN FRONT.

ConNvVEX MIRRORS AND VIRTUAL IMAGES

CoNVEX MIRRORS, WHICH BULGE OUTW ARDS, ARE DIVERGING MIRRORS. THEY CAUSE PARALLEL LIGHT RAYS TO DIVERGE AS IF
THEY ORIGINATED FROM A FOCAL POINT BEHIND THE MIRROR. SIMILAR TO CONCAVE LENSES, CONVEX MIRRORS ALWAYS PRODUCE
A VIRTUAL, ERECT, AND DIMINISHED IMAGE, REGARDLESS OF THE OBJECT,S POSITION. THIS PROPERTY MAKES THEM EXTREMELY
USEFUL FOR PROVIDING A WIDE FIELD OF VIEW, WHICH IS WHY THEY ARE OFTEN USED AS REARVIEW MIRRORS IN VEHICLES AND
SECURITY MIRRORS IN STORES.

CoNCAVE MIRRORS AND IMAGE TYPES

CONCAVE MIRRORS, WHICH CURVE INWARDS, ARE CONVERGING MIRRORS. THEIR ABILITY TO FORM REAL OR VIRTUAL IMAGES
DEPENDS ON THE OBJECTIS DISTANCE FROM THE MIRROR'S SURFACE AND ITS FOCAL POINT. SIMILAR TO CONVEX LENSES, CONCAVE
MIRRORS CAN FORM BOTH TYPES OF IMAGES!

® |F THE OBJECT IS PLACED BEYOND THE FOCAL POINT (F), A REAL, INVERTED IMAGE IS FORMED IN FRONT OF THE MIRROR.
THE IMAGE CAN BE MAGNIFIED, DIMINISHED, OR THE SAME SIZE DEPENDING ON THE OBJECTIS POSITION.



® |F THE OBJECT IS PLACED AT THE FOCAL POINT (F)/ THE REFLECTED RAYS ARE PARALLEL, AND NO IMAGE IS FORMED.

® |F THE OBJECT IS PLACED WITHIN THE FOCAL POINT (CLOSER THAN F), A VIRTUAL, ERECT, AND MAGNIFIED IMAGE IS
FORMED BEHIND THE MIRROR. THIS IS HOW A SHAVING MIRROR OR A MAKEUP MIRROR W ORKS.

Key DIFFERENCES SUMMARIZED

To REITERATE, THE FUNDAMENTAL DISTINCTIONS BETWEEN REAL AND VIRTUAL IMAGES ARE CRUCIAL. REAL IMAGES ARE FORMED
BY THE ACTUAL CONVERGENCE OF LIGHT RAYS, CAN BE PROJECTED ONTO A SCREEN, AND ARE ALWAYS INVERTED. VIRTUAL
IMAGES, ON THE OTHER HAND, ARE FORMED BY THE APPARENT DIVERGENCE OF LIGHT RAYS, CANNOT BE PROJECTED, AND ARE
ALWAYS ERECT. THE TYPE OF OPTICAL ELEMENT (LENS OR MIRROR) AND ITS SHAPE (CONVERGING OR DIVERGING), AS WELL AS
THE OBJECTIS POSITION RELATIVE TO THE FOCAL LENGTH, DICTATE WHICH TYPE OF IMAGE WILL BE FORMED.

APPLICATIONS OF REAL AND VIRTUAL IMAGES

THE ABILITY TO FORM BOTH REAL AND VIRTUAL IMAGES UNDERPINS A VAST ARRAY OF TECHNOLOGIES. REAL IMAGES ARE
ESSENTIAL FOR CAMERAS, TELESCOPES, MICROSCOPES, PROJECTORS, AND THE VERY WAY OUR EYES FUNCTION, ALLOWING US
TO CAPTURE AND INTERPRET THE VISUAL WORLD. VIRTUAL IMAGES ARE EQUALLY VITAL, ENABLING US TO MAGNIFY OBJECTS
WITH A MAGNIFYING GLASS, SEE OURSELVES IN A MIRROR, AND GAIN A BROADER PERSPECTIVE WITH CONVEX MIRRORS.
(UNDERSTANDING THESE PRINCIPLES ALLOWS ENGINEERS AND SCIENTISTS TO DESIGN BETTER OPTICAL INSTRUMENTS THAT
LEVERAGE THE SPECIFIC PROPERTIES OF EACH IMAGE TYPE FOR OPTIMAL PERFORMANCE.

FAQ

« Q: WHAT IS THE PRIMARY PHYSICAL DIFFERENCE BETWEEN A REAL IMAGE AND A
VIRTUAL IMAGE?

A: THE PRIMARY PHYSICAL DIFFERENCE LIES IN HOW LIGHT RAYS BEHAVE. REAL IMAGES ARE FORMED BY THE ACTUAL
CONVERGENCE OF LIGHT RAYS AT A POINT, MEANING LIGHT ENERGY IS CONCENTRATED THERE. VIRTUAL IMAGES ARE
FORMED BY THE APPARENT DIVERGENCE OF LIGHT RAYS, WHERE THE RAYS ONLY SEEM TO ORIGINATE FROM A POINT, AND
NO ACTUAL LIGHT ENERGY CONVERGES.

+ Q: CAN A REAL IMAGE BE SEEN WITHOUT A SCREEN?

A: YES/ WHILE REAL IMAGES CAN BE PROJECTED ONTO A SCREEN, THEY CAN ALSO BE DIRECTLY VIEWED BY THE EYE IF THE
EYE IS POSITIONED AT THE LOCATION OF THE IMAGE. HO\X/EVER, THE IMAGE ITSELF IS FORMED BY LIGHT RAYS
CONVERGING, NOT BY YOUR EYE CREATING THE IMAGE.

« Q: WHY ARE VIRTUAL IMAGES ALWAYS ERECT?

A: VIRTUAL IMAGES ARE FORMED BY THE APPARENT EXTENSIONS OF DIVERGING LIGHT RAYS. BECAUSE THESE EXTENSIONS
MAINTAIN THE RELATIVE ORIENTATION OF THE LIGHT RAYS FROM THE OBJECT, THE RESULTING PERCEIVED IMAGE APPEARS
UPRIGHT.



o Q: WHICH OPTICAL ELEMENTS CAN FORM REAL IMAGES?

A: REAL IMAGES CAN BE FORMED BY CONVERGING LENSES (LIKE CONVEX LENSES) AND CONVERGING MIRRORS (LIKE
CONCAVE MIRRORS)/ PROVIDED THE OBJECT IS PLACED AT A SUITABLE DISTANCE BEYOND THE FOCAL POINT.

« Q: WHICH OPTICAL ELEMENTS CAN FORM VIRTUAL IMAGES?

A: VIRTUAL IMAGES CAN BE FORMED BY DIVERGING LENSES (CONCAVE LENSES), DIVERGING MIRRORS (CONVEX MIRRORS),
PLANE MIRRORS, AND CONVERGING LENSES OR MIRRORS WHEN THE OBJECT IS PLACED WITHIN THEIR FOCAL LENGTH.

+ Q: HOW DOES THE DISTANCE OF THE OBJECT AFFECT THE TYPE OF IMAGE FORMED
BY A CONVEX LENS?

A: FOR A CONVEX LENS, IF THE OBJECT IS PLACED BEYOND THE FOCAL LENGTH, A REAL IMAGE IS FORMED. IF THE OBJECT IS
PLACED WITHIN THE FOCAL LENGTH, A VIRTUAL IMAGE IS FORMED.

. QZ \WHAT IS AN EXAMPLE OF A REAL IMAGE THAT IS SMALLER THAN THE OBJECT?

A: A REAL IMAGE THAT IS DIMINISHED (SMALLER THAN THE OBJECT) IS FORMED BY A CONCAVE MIRROR WHEN THE OBJECT
IS PLACED BEYOND TWICE THE FOCAL LENGTH (2F), OR BY A CONVEX LENS WHEN THE OBJECT IS PLACED BEYOND 2F.

. QI CAN A SINGLE OPTICAL ELEMENT PRODUCE BOTH REAL AND VIRTUAL IMAGES?

A: YES, CONVERGING OPTICAL ELEMENTS LIKE CONVEX LENSES AND CONCAVE MIRRORS CAN PRODUCE BOTH REAL AND
VIRTUAL IMAGES, DEPENDING ON THE POSITION OF THE OBJECT RELATIVE TO THEIR FOCAL POINT.
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