VIRTUAL IMAGE VS REAL IMAGE PHYSICS

VIRTUAL IMAGE VS ReAL IMAGE PHYsIcs: A CoMPREHENSIVE GUIDE

VIRTUAL IMAGE VS REAL IMAGE PHYSICS OFTEN CONFUSES STUDENTS AND ENTHUSIASTS ALIKE, BUT UNDERSTANDING THIS
FUNDAMENTAL CONCEPT IS CRUCIAL FOR GRASPING HOW LIGHT BEHAVES AND HOW OPTICAL INSTRUMENTS FUNCTION. AT ITS
CORE, THE DISTINCTION LIES IN HOW THE LIGHT RAYS CONVERGE OR APPEAR TO DIVERGE AFTER INTERACTING WITH A LENS OR
MIRROR. REAL IMAGES ARE FORMED WHERE LIGHT RAYS PHYSICALLY MEET, ALLOWING THEM TO BE PROJECTED ONTO A SCREEN,
WHILE VIRTUAL IMAGES ARE PERCEIVED WHERE LIGHT RAYS ONLY SEEM TO ORIGINATE FROM, AND THUS CANNOT BE CAPTURED ON
A SURFACE. THIS ARTICLE WILL DELVE DEEPLY INTO THE PHYSICS BEHIND VIRTUAL AND REAL IMAGES, EXPLORING THEIR
FORMATION, CHARACTERISTICS, AND PRACTICAL APPLICATIONS. WE’LL EXAMINE HOW LENSES AND MIRRORS CREATE THESE
DIFFERENT TYPES OF IMAGES, THE MATHEMATICAL RELATIONSHIPS GOVERNING THEM, AND THE REAL-WORLD TECHNOLOGIES THAT
RELY ON THESE PRINCIPLES, FROM CAMERAS TO THE HUMAN EYE.
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WHAT ARE VIRTUAL IMAGES IN PHYSICS?

IN THE REALM OF PHYSICS, A VIRTUAL IMAGE IS A REPRESENTATION OF AN OBJECT THAT IS FORMED BY LIGHT RAYS THAT APPEAR
TO DIVERGE FROM A POINT BUT DO NOT ACTUALLY CONVERGE THERE. THINK OF IT AS A PHANTOM = IT LOOKS LIKE IT'S THERE,
BUT YOU CAN'T TOUCH IT OR PLACE ANYTHING UPON IT. THE LIGHT RAYS FROM THE OBJECT, AFTER PASSING THROUGH A LENS
OR REFLECTING OFF A MIRROR, DO NOT PHYSICALLY INTERSECT AT THE LOCATION OF THE VIRTUAL IMAGE. |NSTEAD, OUR EYES
AND BRAINS INTERPRET THESE DIVERGING RAYS AS ORIGINATING FROM A SPECIFIC POINT BEHIND THE LENS OR MIRROR. THIS
PERCEIVED ORIGIN IS WHERE THE VIRTUAL IMAGE IS LOCATED.

THE DEFINING CHARACTERISTIC OF A VIRTUAL IMAGE IS ITS INABILITY TO BE PROJECTED ONTO A SCREEN. |[F YOU WERE TO PLACE
A SCREEN AT THE LOCATION OF A VIRTUAL IMAGE, YOU WOULD SEE NOTHING. THIS IS BECAUSE THERE IS NO ACTUAL
CONCENTRATION OF LIGHT ENERGY AT THAT POINT. VIRTUAL IMAGES ARE TYPICALLY UPRIGHT AND MAGNIFIED OR DIMINISHED,
DEPENDING ON THE OPTICAL SYSTEM. THEY ARE ALWAYS LOCATED ON THE SAME SIDE OF THE LENS AS THE OBJECT (FOR
DIVERGING LENSES AND SOME CONVERGING LENS SCENARIOS) OR ON THE OPPOSITE SIDE OF THE MIRROR AS THE OBJECT (FOR
PLANE MIRRORS AND CONVEX MIERORS)

WHAT ARE REAL IMAGES IN PHYSICS?

CONVERSELY, A REAL IMAGE IS FORMED WHEN LIGHT RAYS FROM AN OBJECT ACTUALLY CONVERGE AND INTERSECT AT A SPECIFIC
POINT AFTER UNDERGOING REFRACTION OR REFLECTION. THIS CONVERGENCE MEANS THAT THERE IS A TANGIBLE PRESENCE OF LIGHT
AT THE IMAGE LOCATION, MAKING IT POSSIBLE TO PROJECT THE IMAGE ONTO A SCREEN, A PIECE OF PAPER, OR EVEN A SENSOR
LIKE IN A CAMERA. W/HEN YOU SEE A REAL IMAGE, YOU ARE WITNESSING THE ACTUAL MEETING OF LIGHT RAYS.

REAL IMAGES FORMED BY LENSES OR MIRRORS ARE TYPICALLY INVERTED, MEANING THEY ARE UPSIDE DOWN RELATIVE TO THE
OBJECT. HO\X/EVER, THEIR SIZE CAN VARY, THEY CAN BE MAGNIFIED, DIMINISHED, OR THE SAME SIZE AS THE OBJECT, DEPENDING ON
THE FOCAL LENGTH OF THE OPTICAL ELEMENT AND THE OB_JECT/S DISTANCE FROM IT. THE LOCATION OF A REAL IMAGE IS



GENERALLY ON THE OPPOSITE SIDE OF THE LENS FROM THE OBJECT, OR ON THE SAME SIDE OF THE MIRROR AS THE OBJECT.

Key DIFFERENCES BETWEEN VIRTUAL AND REAL IMAGES

THE FUNDAMENTAL DISTINCTION BETWEEN VIRTUAL AND REAL IMAGES HINGES ON THE CONVERGENCE OF LIGHT RAYS AND THE
ABILITY TO PROJECT THEM. REAL IMAGES ARE FORMED BY THE ACTUAL INTERSECTION OF LIGHT RAYS, ALLOWING THEM TO BE
CAPTURED ON A SCREEN. VIRTUAL IMAGES, ON THE OTHER HAND, ARE FORMED BY THE APPARENT INTERSECTION OF LIGHT RAYS,
THEY ARE PERCEIVED BUT CANNOT BE PROJECTED. THIS LEADS TO SEVERAL OTHER KEY DIFFERENCES:

® PROJECTION: REAL IMAGES CAN BE PROJECTED ONTO A SCREEN, VIRTUAL IMAGES CANNOT.

¢ NATURE OF LIGHT RAYS: REAL IMAGES ARE FORMED BY CONVERGING LIGHT RAYS; VIRTUAL IMAGES ARE FORMED BY
DIVERGING (OR APPEARING TO DIVERGE) LIGHT RAYS.

o ORIENTATION: REAL IMAGES ARE TYPICALLY INVERTED (UPSIDE DO\X/N); VIRTUAL IMAGES ARE TYPICALLY UPRIGHT.

® LocATION RELATIVE TO OPTICAL ELEMENT: REAL IMAGES FORMED BY LENSES ARE ON THE OPPOSITE SIDE OF THE OBJECT,
REAL IMAGES FORMED BY MIRRORS ARE ON THE SAME SIDE AS THE OBJECT. VIRTUAL IMAGES FORMED BY LENSES ARE ON
THE SAME SIDE AS THE OBJECT (FOR DIVERGING LENSES); VIRTUAL IMAGES FORMED BY MIRRORS ARE ON THE OPPOSITE
SIDE OF THE OBJECT.

* FORMATION MECHANISM: REAL IMAGES REQUIRE A FOCAL LENGTH AND OBJECT DISTANCE THAT RESULTS IN CONVERGENCE.
VIRTUAL IMAGES CAN BE FORMED BY DIVERGING ELEMENTS OR BY CONVERGING ELEMENTS WHEN THE OBJECT IS PLACED
WITHIN THE FOCAL LENGTH.

FOrRMATION OF REAL IMAGES

THE FORMATION OF A REAL IMAGE IS A DIRECT CONSEQUENCE OF THE WAY LIGHT RAYS BEND OR BOUNCE. \WHEN PARALLEL RAYS
OF LIGHT PASS THROUGH A CONVERGING LENS (LIKE A CONVEX LENS) OR REFLECT OFF A CONCAVE MIRROR, THEY ARE BENT OR
REFLECTED TOWARDS A FOCAL POINT. [F AN OBJECT IS PLACED AT A DISTANCE GREATER THAN THE FOCAL LENGTH FROM SUCH
AN OPTICAL ELEMENT, THE REFRACTED OR REFLECTED RAYS FROM EACH POINT ON THE OBJECT WILL CONVERGE AT A
CORRESPONDING POINT ON THE OTHER SIDE (FOR LENSES) OR ON THE SAME SIDE (FOR MIRRORS) TO FORM A REAL IMAGE. THIS
CONVERGENCE IS THE CRUCIAL FACTOR.

CONSIDER A CONVEX LENS. LIGHT RAYS ORIGINATING FROM A POINT ON AN OBJECT PLACED BEYOND ITS FOCAL LENGTH WILL
PASS THROUGH THE LENS AND CONVERGE AT A SPECIFIC POINT ON THE OPPOSITE SIDE. THIS CONVERGENCE IS WHAT CREATES
THE REAL IMAGE. SIMILARLY, FOR A CONCAVE MIRROR, RAYS ORIGINATING FROM AN OBJECT PLACED BEYOND ITS FOCAL POINT
WILL REFLECT AND CONVERGE AT A POINT IN FRONT OF THE MIRROR TO FORM A REAL IMAGE. THE PRECISE LOCATION AND SIZE OF
THIS REAL IMAGE ARE DICTATED BY THE LENS OR MIRROR EQUATION AND THE MAGNIFICATION FORMULA, WHICH RELATE OBJECT
DISTANCE, IMAGE DISTANCE, AND FOCAL LENGTH.

FORMATION OF VIRTUAL IMAGES

VIRTUAL IMAGES ARE FORMED WHEN LIGHT RAYS DO NOT ACTUALLY CONVERGE BUT ONLY APPEAR TO DIVERGE FROM A CERTAIN
POINT. THIS HAPPENS IN SEVERAL SCENARIOS. FOR INSTANCE, A DIVERGING LENS (LIKE A CONCAVE LENS) ALWAYS PRODUCES
VIRTUAL IMAGES. WHEN PARALLEL RAYS OF LIGHT PASS THROUGH A CONCAVE LENS, THEY DIVERGE AS IF THEY ORIGINATED
FROM A FOCAL POINT ON THE SAME SIDE OF THE LENS AS THE INCIDENT LIGHT. SIMILARLY/ A CONVEX MIRROR ALWAYS PRODUCES



VIRTUAL IMAGES. THE REFLECTED RAYS DIVERGE, MAKING IT SEEM AS THOUGH THEY ARE COMING FROM A VIRTUAL FOCAL POINT
BEHIND THE MIRROR.

ANOTHER COMMON WAY TO FORM A VIRTUAL IMAGE IS BY PLACING AN OBJECT WITHIN THE FOCAL LENGTH OF A CONVERGING
LENS (LIKE A CONVEX LENS) OR A CONCAVE MIRROR. IN THIS CASE, THE REFRACTED OR REFLECTED RAYS DIVERGE. \W/HEN TRACED
BACKWARD, THESE DIVERGING RAYS APPEAR TO MEET AT A POINT BEHIND THE LENS OR MIRROR, FORMING AN UPRIGHT AND
MAGNIFIED VIRTUAL IMAGE. A CLASSIC EXAMPLE IS A MAGNIFYING GLASS, WHICH IS A CONVEX LENS USED TO CREATE A
MAGNIFIED VIRTUAL IMAGE OF A SMALL OBJECT.

LENSES AND IMAGE FORMATION

LLENSES ARE FASCINATING OPTICAL TOOLS THAT MANIPULATE LIGHT TO FORM IMAGES. THE TYPE OF IMAGE FORMED — REAL OR
VIRTUAL — DEPENDS CRITICALLY ON THE TYPE OF LENS AND THE OB_JECT/S POSITION RELATIVE TO ITS FOCAL LENGTH. A
CONVERGING LENS, SUCH AS A CONVEX LENS, CAN FORM BOTH REAL AND VIRTUAL IMAGES. \WHEN AN OBJECT IS PLACED BEYOND
THE FOCAL POINT OF A CONVEX LENS, A REAL, INVERTED IMAGE IS FORMED ON THE OPPOSITE SIDE. IF THE OBJECT IS PLACED
WITHIN THE FOCAL LENGTH, AN UPRIGHT, MAGNIFIED VIRTUAL IMAGE IS FORMED ON THE SAME SIDE AS THE OBJECT.

A DIVERGING LENS, SUCH AS A CONCAVE LENS, ON THE OTHER HAND, EXCLUSIVELY FORMS VIRTUAL IMAGES. THESE IMAGES ARE
ALWAYS UPRIGHT, DIMINISHED, AND LOCATED ON THE SAME SIDE OF THE LENS AS THE OBJECT. THE RAYS OF LIGHT PASSING
THROUGH A CONCAVE LENS DIVERGE, AND OUR BRAIN INTERPRETS THESE DIVERGING RAYS AS ORIGINATING FROM A POINT CLOSER
TO THE LENS THAN THE ACTUAL OBJECT. THE LENS EQUATION, $1/F = 1/p_o + 1/b_1$, WHERE $F$ IS THE FOCAL LENGTH,
$D_09% IS THE OBJECT DISTANCE, AND $D_1$ IS THE IMAGE DISTANCE, IS FUNDAMENTAL TO CALCULATING THE POSITION OF
THESE IMAGES.

MIRRORS AND IMAGE FORMATION

MIERORS, LIKE LENSES, ARE INTEGRAL TO UNDERSTANDING IMAGE FORMATION. PLANE MIRRORS, THE MIRRORS WE USE EVERY DAY,
ALWAYS PRODUCE VIRTUAL, UPRIGHT, AND SAME-SIZED IMAGES THAT ARE LOCATED AS FAR BEHIND THE MIRROR AS THE OBJECT
IS IN FRONT. THIS IS BECAUSE THE LIGHT RAYS REFLECT SYMMETRICALLY, MAKING IT SEEM AS THOUGH THEY ARE ORIGINATING
FROM A POINT BEHIND THE MIRROR SURFACE.

CURVED MIRRORS, SPECIFICALLY CONCAVE AND CONVEX MIRRORS, OFFER A WIDER RANGE OF IMAGE POSSIBILITIES. A CONCAVE
MIRROR CAN FORM BOTH REAL AND VIRTUAL IMAGES. W/HEN AN OBJECT IS PLACED BEYOND THE FOCAL POINT OF A CONCAVE
MIRROR, A REAL, INVERTED IMAGE IS FORMED IN FRONT OF THE MIRROR. |F THE OBJECT IS PLACED WITHIN THE FOCAL POINT, AN
UPRIGHT, MAGNIFIED VIRTUAL IMAGE IS FORMED BEHIND THE MIRROR. A CONVEX MIRROR, CONVERSELY, ALWAYS PRODUCES
VIRTUAL, UPRIGHT, AND DIMINISHED IMAGES. THE REFLECTED RAYS DIVERGE FROM A VIRTUAL FOCAL POINT LOCATED BEHIND THE
MIRROR. THE MIRROR EQUATION, $1/F = 1/b_o + 1/D_I$, IS ALSO APPLICABLE HERE TO DETERMINE IMAGE POSITIONS.

APPLICATIONS OF REAL AND VIRTUAL IMAGES

THE PRINCIPLES OF REAL AND VIRTUAL IMAGE FORMATION ARE NOT JUST THEORETICAL CONCEPTS; THEY ARE THE BACKBONE OF
NUMEROUS TECHNOLOGIES WE USE DAILY. CAMERAS, TELESCOPES, AND PROJECTORS ALL RELY ON THE FORMATION OF REAL
IMAGES. IN A CAMERA, A LENS SYSTEM FOCUSES LIGHT FROM AN OBJECT TO FORM A REAL, INVERTED IMAGE ON A SENSOR OR FILM.
SIMILARLY, PROJECTORS USE LENSES TO CREATE ENLARGED REAL IMAGES ON A SCREEN.

VIRTUAL IMAGES, THOUGH NOT PROJECTABLE, ARE EQUALLY VITAL. MAGNIFYING GLASSES, BINOCULARS, AND EVEN THE LENSES
IN OUR OWN EYES FORM VIRTUAL IMAGES. WHEN YOU USE A MAGNIFYING GLASS, YOU ARE SEEING A MAGNIFIED VIRTUAL IMAGE
OF THE OBJECT. THE LENSES IN EYEGLASSES CORRECT VISION BY FORMING VIRTUAL IMAGES ON THE RETINA AT THE CORRECT
FOCAL POINT. MICROSCOPES COMBINE LENSES TO PRODUCE HIGHLY MAGNIFIED VIRTUAL IMAGES OF TINY SPECIMENS.



(UNDERSTANDING THE DISTINCTION BETWEEN VIRTUAL AND REAL IMAGES ALLOWS US TO DESIGN AND OPTIMIZE THESE OPTICAL
INSTRUMENTS FOR SPECIFIC PURPOSES, FROM CAPTURING DISTANT GALAXIES TO EXPLORING THE MICROSCOPIC WORLD.

FREQUENTLY AsSkeD QUESTIONS ABOUT VIRTUAL VS ReAL IMAGE PHYSsICS

Q: CAN A VIRTUAL IMAGE BE SEEN?

A: YES/ A VIRTUAL IMAGE CAN BE SEEN BY THE HUMAN EYE OR ANY OPTICAL DETECTOR. EVEN THOUGH THE LIGHT RAYS DON'T
ACTUALLY CONVERGE AT THE IMAGE LOCATION, OUR EYES INTERPRET THE DIVERGING RAYS AS ORIGINATING FROM THAT POINT,
ALLOWING US TO PERCEIVE THE IMAGE.

QI \WHAT IS THE PRIMARY DIFFERENCE IN HOW REAL AND VIRTUAL IMAGES ARE FORMED?

A: THE PRIMARY DIFFERENCE LIES IN THE BEHAVIOR OF LIGHT RAYS. REAL IMAGES ARE FORMED BY THE ACTUAL CONVERGENCE OF
LIGHT RAYS, MEANING THE RAYS PHYSICALLY MEET AT THE IMAGE POINT. VIRTUAL IMAGES ARE FORMED BY THE APPARENT
CONVERGENCE OR DIVERGENCE OF LIGHT RAYS; THE RAYS ONLY SEEM TO ORIGINATE FROM THE IMAGE POINT BUT DO NOT
ACTUALLY MEET THERE.

Q: WHY CAN REAL IMAGES BE PROJECTED ONTO A SCREEN BUT VIRTUAL IMAGES
CANNOT?

A: REAL IMAGES CAN BE PROJECTED BECAUSE THERE IS A CONCENTRATION OF LIGHT ENERGY AT THE IMAGE LOCATION DUE TO THE
ACTUAL CONVERGENCE OF LIGHT RAYS. THIS CONCENTRATED LIGHT CAN ILLUMINATE A SCREEN PLACED AT THAT POINT.
VIRTUAL IMAGES LACK THIS CONCENTRATION OF LIGHT, AS THE RAYS ARE DIVERGING, SO PLACING A SCREEN THERE WILL NOT
PRODUCE A VISIBLE IMAGE.

Q: WHAT TYPE OF IMAGES DO PLANE MIRRORS FORM?

A: PLANE MIRRORS ALWAYS FORM VIRTUAL, UPRIGHT, AND LATERALLY INVERTED IMAGES THAT ARE THE SAME SIZE AS THE
OBJECT AND LOCATED THE SAME DISTANCE BEHIND THE MIRROR AS THE OBJECT IS IN FRONT.

Q: How DOES THE OBJECT DISTANCE 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, INVERTED IMAGE IS FORMED. IF THE
OBJECT IS PLACED WITHIN THE FOCAL LENGTH, A VIRTUAL, UPRIGHT, AND MAGNIFIED IMAGE IS FORMED. IF THE OBJECT IS PLACED
EXACTLY AT THE FOCAL LENGTH, THE RAYS BECOME PARALLEL AND NO IMAGE IS FORMED.

Q: CAN A CONCAVE MIRROR FORM BOTH REAL AND VIRTUAL IMAGES?

A: YES, A CONCAVE MIRROR CAN FORM BOTH REAL AND VIRTUAL IMAGES. |T FORMS A REAL, INVERTED IMAGE WHEN THE OBJECT
IS PLACED BEYOND ITS FOCAL POINT. |IT FORMS A VIRTUAL, UPRIGHT, AND MAGNIFIED IMAGE WHEN THE OBJECT IS PLACED WITHIN
ITS FOCAL POINT.

QZ \WHAT IS AN EXAMPLE OF A DEVICE THAT USES REAL IMAGES?

A: CAMERAS, PROJECTORS, AND TELESCOPES ARE COMMON EXAMPLES OF DEVICES THAT UTILIZE REAL IMAGES. THE IMAGE
FORMED ON THE FILM OR SENSOR OF A CAMERA IS A REAL IMAGE.



Q: WHAT IS AN EXAMPLE OF A DEVICE THAT USES VIRTUAL IMAGES?

A: MAGNIFYING GLASSES, EYEGLASSES, AND BINOCULARS ARE EXAMPLES OF DEVICES THAT USE VIRTUAL IMAGES. THE IMAGE
YOU SEE WHEN LOOKING THROUGH A MAGNIFYING GLASS IS A VIRTUAL IMAGE.
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