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You ARre LookING For A MIRRoR THAT WILL ENaBLE You To See A 3.3-TIMes MAGNIFIED VIRTUAL IMAGE OF AN OBJECT

UNDERST ANDING HOW MIRRORS PRODUCE MAGNIFIED IMAGES IS FUNDAMENTAL IN OPTICS, ESPECIALLY WHEN DESIGNING OR
SELECTING THE RIGHT MIRROR FOR SPECIFIC PURPOSES. IF YOU ARE SEEKING A MIRROR THAT PROVIDES A VIRTUAL IMAGE
MAGNIFIED BY A FACTOR OF APPROXIMATELY 33, IT BECOMES ESSENTIAL TO UNDERSTAND THE PRINCIPLES GOVERNING IMAGE
FORMATION, THE TYPES OF MIRRORS INVOLVED, AND HOW TO DETERMINE THE APPROPRIATE MIRROR PARAMETERS. THIS ARTICLE
DELVES INTO THE PHYSICS OF MAGNIFICATION IN MIRRORS, THE CONDITIONS FOR VIRTUAL IMAGE FORMATION, AND THE
PRACTICAL STEPS TO IDENTIFY OR DESIGN A MIRROR THAT DELIVERS THE DESIRED MAGNIFICATION.

FUNDAMENTAL CONCEPTS OF MIRROR IMAGING AND MAGNIFICATION

TyPes oF MIRRORS AND THEIR IMAGE FORMATION

MIRRORS ARE CLASSIFIED MAINLY INTO TWO TYPES BASED ON THE SHAPE AND THE NATURE OF THE IMAGE THEY PRODUCE:

* PLANE MIRRORS: FLAT MIRRORS THAT PRODUCE VIRTUAL, UPRIGHT, AND SAME-SIZE IMAGES AS THE OBJECT.

o CURVED MIRRORS: INCLUDE CONCAVE AND CONVEX MIRRORS, WHICH CAN PRODUCE REAL OR VIRTUAL IMAGES, MAGNIFIED
OR DIMINISHED, DEPENDING ON THE OBJECT POSITION RELATIVE TO THE MIRROR’S FOCAL POINT.

THE KEY TO ACHIEVING A MAGNIFIED VIRTUAL IMAGE LIES IN THE USE OF CURVED MIRRORS, ESPECIALLY CONVEX MIRRORS, SINCE
THEY ALWAYS PRODUCE VIRTUAL, UPRIGHT, AND DIMINISHED IMAGES FOR OBJECTS PLACED IN FRONT OF THEM. HO\X/EVER/ WITH
THE CORRECT POSITIONING AND MIRROR CURVATURE, CONVEX MIRRORS CAN PRODUCE MAGNIFIED VIRTUAL IMAGES.

MAGNIFICATION AND ITS MATHEMATICAL RELATION

MAGNIFICATION (DENOTED AS M) IN MIRROR OPTICS IS DEFINED AS THE RATIO OF THE HEIGHT OF THE IMAGE (H)) TO THE HEIGHT
OF THE OBJECT (H) IT IS ALSO RELATED TO THE GEOMETRIC PARAMETERS OF THE MIRROR AND OBJECT POSITION:

\[M = \rrac{H'}H} = -\rrac{V}{u} \]

\W/ HERE:

= V IS THE IMAGE DISTANCE FROM THE MIRROR

- U IS THE OBJECT DISTANCE FROM THE MIRROR (TAKEN AS NEGATIVE IF THE OBJECT IS IN FRONT OF THE MIRROR ACCORDING TO
SIGN CONVENTIONS)

THE NEGATIVE SIGN INDICATES THAT REAL IMAGES ARE INVERTED RELATIVE TO THE OBJECT, WHILE VIRTUAL IMAGES ARE
UPRIGHT.

For A VIRTUAL, UPRIGHT, MAGNIFIED IMAGE:

\[M>0\]



IN OUR CASE, SINCE THE DESIRED MAGNIFICATION IS APPROXIMATELY 3.3 TIMES:

\[ M \approx +3.3 \]

THIS IMPLIES:

\[ v/u \approx -3.3 \]

GIVEN THAT VIRTUAL IMAGES ARE FORMED WHEN THE IMAGE DISTANCE V IS POSITIVE (ON THE SAME SIDE AS THE OBJECT FOR

MIRRORS), THE OBJECT DISTANCE U MUST BE NEGATIVE (SINCE IN MIRROR OPTICS, THE OBJECT IS PLACED IN FRONT OF THE
MIRROR).

DETERMINING THE MIRROR PARAMETERS FOR A 3.3X VIRTUAL MAGNIFIED
IMAGE

UsING THE MIRROR EQUATION

THE MIRROR EQUATION RELATES THE OBJECT DISTANCE (U), THE IMAGE DISTANCE (V), AND THE FOCAL LENGTH (F):
\[ \FrAc{ 13{F} = \rrac{ 1H{U} + \rrac{13}{v} \]

GIVEN THE DESIRED MAGNIFICATION (M), THE RELATIONSHIP BETWEEN V AND U IS:

\[ M= -\rrac{v}{u} \RiGHTARROW Vv = -M U \]

SINCE THE IMAGE IS VIRTUAL AND MAGNIFIED:

-V IS POSITIVE
- U IS NEGATIVE

SUBSTITUTING V INTO THE MIRROR EQUATION:

\[\FRAC{13{F} = \rrAC{ 13{U} + \rRAc{ 1 }{-M U} = \FrAC{ 1 }{U} - \rRAC{ T H{M U} = \rrAc{T - \rrAc{1}{M}}{U} \]
SIMPLIFY:

\[\FrAc{ 13{F} = \rrAc{m - THM U} \]

REARRANGED:

\[u=\rrAc{(M- 1D}M} \TiMes F \]

SINCE U IS NEGATIVE (OBJECT IN FRONT OF THE MIRROR):

\[ U = -\eert| \rrAc{(M - 1)}HM} \TiMes F \riGHT] \]

SIMILARLY, THE IMAGE DISTANCE:

\[ v =-muU=-m\TivMes \LerT( - \LerT| \rRAC{(M - 1DH{M} \Tives F \riGHT| \RIGHT) = |(M - 1) \TiMes Fl \]
Key POINTS:

- FOr A MAGNIFICATION OF 3.3:



\[m=23.31\]
- THE OBJECT DISTANCE:

\ U =-\tert( \rrAc{3.3 - 13}{3.3} \7iMes F \riGHT) = - \LErT( \FrAC{2.33}{3.3} \TIMeS F \rIGHT) \APPrOX -0.697
\TiMEs F \]

- THE IMAGE DISTANCE:

\[v=3.3\TiMes 0.697 \TiMes F \approx 2.3 \TiMes F \]

INTERPRETATION:

TO PRODUCE A VIRTUAL, UPRIGHT, MAGNIFIED IMAGE WITH A MAGNIFICATION OF 3.3, THE OBJECT MUST BE PLACED

APPROXIMATELY 0.697 TIMES THE FOCAL LENGTH IN FRONT OF THE MIRROR, AND THE VIRTUAL IMAGE WILL APPEAR
APPROXIMATELY 2.3 TIMES THE FOCAL LENGTH BEHIND THE MIRROR.

CHoosSING THE RIGHT MIRROR: CoONCAVE OrR CONVEX?

- CONCAVE MIRRORS CAN PRODUCE BOTH REAL AND VIRTUAL IMAGES DEPENDING ON OBJECT POSITION. FOR MAGNIFIED VIRTUAL
IMAGES, THE OBJECT MUST BE PLACED BETWEEN THE FOCAL POINT AND THE MIRROR.

- CONVEX MIRRORS PRODUCE ONLY VIRTUAL, UPRIGHT, AND DIMINISHED IMAGES. THEY CANNOT PRODUCE A MAGNIFIED VIRTUAL
IMAGE OF THE MAGNITUDE YOU SEEK.

THEREFORE, TO ACHIEVE A 3.3-TIMES MAGNIFICATION, A CONCAVE MIRROR IS APPROPRIATE.

DESIGNING OR SELECTING A CoONCAVE MIRROR FOR THE DESIRED
MAGNIFICATION

CALCULATING THE FocAL LENGTH AND RADIUS ofF CURVATURE

FROM THE PREVIOUS RELATIONS:
\[u=-0.697 \TimMes F \]
SUPPOSE YOU SELECT A CONVENIENT FOCAL LENGTH F, THEN:

- PLACE THE OBJECT AT U MEASURED FROM THE MIRROR (NEGATIVE VALUE).
- THE IMAGE WILL FORM APPROXIMATELY AT V = 2.3 \TIMES F, ON THE SAME SIDE AS THE OBJECT (VIRTUAL).

THE FOCAL LENGTH RELATES TO THE RADIUS OF CURVATURE R:

\[F = \rrac{R}{2} \]

CHOOSING F DEPENDS ON PRACTICAL CONSIDERATIONS SUCH AS THE SIZE OF THE MIRROR AND THE WORKING DISTANCE.
EXAMPLE:

SUPPOSE YOU WANT THE OBJECT TO BE 10 CM IN FRONT OF THE MIRROR:

\[u=-10\,cm\]



THEN:

\[-10\,cM =-0.697 \TiMes F \RicHTARROW F = \FRAC{ 10\,cM}{0.697} \AprrOx 14.36\,cM \]
THE RADIUS OF CURVATURE:

\[ R = 2r \ApPrOX 28.72\,cM \]

IN THIS SCENARIO:

- PLACE THE OBJECT APPROXIMATELY 10 CM IN FRONT OF THE CONCAVE MIRROR.
- THE VIRTUAL IMAGE WILL BE APPROXIMATELY:

\[ v \approx 2.3 \TiMes 14.36\,cm \aprrox 33\,cM \]
- THE IMAGE WILL BE MAGNIFIED ABOUT 3.3 TIMES.
NoTE:

THE ACTUAL IMAGE SIZE DEPENDS ON THE OBJECT SIZE AND MAGNIFICATION, SO FOR A SPECIFIC APPLICATION, ADJUST THE
OBJECT DISTANCE ACCORDINGLY.

PrACTICAL CONSIDERATIONS IN MIRROR SELECTION

W/HEN SELECTING OR DESIGNING A MIRROR:
- ENSURE THE MIRROR'S CURVATURE MATCHES THE CALCULATED RADIUS OF CURVATURE.
- CONFIRM THE MIRROR’S SURFACE QUALITY TO AVOID ABERRATIONS.

- CONSIDER THE SIZE OF THE MIRROR TO ACCOMMODATE THE OBJECT AND DESIRED IMAGE.
- USE A MOUNTING SETUP THAT ALLOWS PRECISE POSITIONING OF THE OBJECT RELATIVE TO THE MIRROR.

ALTERNATIVE APPROACHES AND ADDITIONAL FACTORS

UsINg OpPTICAL DEVICES OR MAGNIFYING TOOLS

IF ACHIEVING THE EXACT MAGNIFICATION WITH A SIMPLE MIRROR IS CHALLENGING, CONSIDER:

- COMBINING MIRRORS WITH LENSES.
- USING MAGNIFYING GLASSES OR SPECIALIZED OPTICAL DEVICES.
- EMPLOYING DIGITAL OR VIRTUAL IMAGING TECHNIQUES.

LiMITATIONS AND PRACTICAL CONSTRAINTS

- MANUFACTURING PRECISION INFLUENCES THE QUALITY OF THE VIRTUAL IMAGE.
- LARGER MAGNIFICATIONS REQUIRE MORE PRECISE POSITIONING.
- ABERRATIONS IN CURVED MIRRORS CAN DISTORT THE IMAGE.



SUMMARY AND FINAL RECOMMENDATIONS

ToO PRODUCE A VIRTUAL, UPRIGHT, MAGNIFIED IMAGE APPROXIMATELY 3.3 TIMES LARGER THAN THE OBJECT:

1. USE A CONCAVE MIRROR WITH AN APPROPRIATE FOCAL LENGTH.

2. PosITION THE OBJECT APPROXIMATELY 0.697 TIMES THE FOCAL LENGTH IN FRONT OF THE MIRROR.

3. EXPECT THE VIRTUAL IMAGE TO FORM ROUGHLY 2.3 TIMES THE FOCAL LENGTH BEHIND THE MIRROR.

4. CALCULATE THE MIRROR’S RADIUS OF CURVATURE AS TWICE THE FOCAL LENGTH FOR PRACTICAL CONSTRUCTION.

BY CAREFULLY SELECTING THE MIRROR'S CURVATURE AND PRECISE POSITIONING OF THE OBJECT, YOU CAN ACHIEVE THE DESIRED
MAGNIFICATION. ALWAYS VERIFY THE SETUP EXPERIMENTALLY, AS REAL-WORLD FACTORS SUCH AS SURFACE IMPERFECTIONS
AND ENVIRONMENTAL CONDITIONS CAN INFLUENCE THE IMAGE QUALITY.

IN CONCLUSION, UNDERSTANDING THE INTERPLAY BETWEEN OBJECT PLACEMENT, MIRROR CURVATURE, AND FOCAL LENGTH IS
ESSENTIAL TO DESIGNING A SYSTEM THAT PROVIDES A 3.3-TIMES MAGNIFIED VIRTUAL IMAGE. W/ITH THESE PRINCIPLES, YOU CAN
EITHER SELECT A SUITABLE COMMERCIAL MIRROR OR ENGINEER A CUSTOM MIRROR TO MEET YOUR SPECIFIC OPTICAL
REQUIREMENTS.

FREQUENTLY AskeD QUESTIONS

\WHAT TYPE OF MIRROR IS SUITABLE FOR CREATING A 3.3-TIMES MAGNIFIED VIRTUAL
IMAGE?

A CONVEX MIRROR WITH A SPECIFIC FOCAL LENGTH CAN PRODUCE A MAGNIFIED VIRTUAL IMAGE, BUT TO ACHIEVE A 3.3-TIMES
MAGNIFICATION, A CONCAVE MIRROR WITH APPROPRIATE CURVATURE IS TYPICALLY USED.

How DOES THE CURVATURE OF THE MIRROR AFFECT THE MAGNIFICATION OF THE
VIRTUAL IMAGE?

THE CURVATURE DETERMINES THE FOCAL LENGTH;, A MORE CURVED MIRROR (SHORTER FOCAL LENGTH) CAN PRODUCE A GREATER
MAGNIFICATION FOR VIRTUAL IMAGES, ESPECIALLY WHEN THE OBJECT IS PLACED BETWEEN THE FOCAL POINT AND THE MIRROR.

CAN A CONVEX MIRROR PRODUCE A 3.3-TIMES MAGNIFIED VIRTUAL IMAGE?

TYPICALLY, CONVEX MIRRORS PRODUCE REDUCED, UPRIGHT VIRTUAL IMAGES. To ACHEVE A 3.3-TIMES MAGNIFICATION, A
CONCAVE MIRROR IS MORE SUITABLE, AS CONVEX MIRRORS GENERALLY CANNOT PRODUCE MAGNIFIED VIRTUAL IMAGES OF THIS
NATURE.

\WHAT IS THE FORMULA TO CALCULATE THE MAGNIFICATION OF A MIRROR?

MAGNIFICATION (M) = IMAGE HEIGHT / OBJECT HEIGHT = - (IMAGE DISTANCE / OBJECT DISTANCE). FOR VIRTUAL IMAGES, THE
MAGNIFICATION IS POSITIVE, INDICATING AN UPRIGHT IMAGE.

\¥/HERE SHOULD THE OBJECT BE PLACED RELATIVE TO THE FOCAL POINT TO OBSERVE A
3.3-TIMES MAGNIFIED VIRTUAL IMAGE?

THE OBJECT SHOULD BE PLACED BETWEEN THE MIRROR'S FOCAL POINT AND THE MIRROR SURFACE, AT A POSITION \WHERE THE
MAGNIFICATION REACHES APPROXIMATELY 3.3 TIMES.



IS IT POSSIBLE TO SEE A VIRTUAL IMAGE MAGNIFIED 3.3 TIMES USING A STANDARD
BATHROOM MIRROR?

STANDARD BATHROOM MIRRORS ARE TYPICALLY FLAT OR SLIGHTLY CURVED, ACHIEVING SUCH MAGNIFICATION REQUIRES A
SPECIALLY CURVED CONCAVE MIRROR WITH PRECISE POSITIONING.

\WHAT PRACTICAL APPLICATIONS REQUIRE A MIRROR THAT PRODUCES A 3.3-TIMES
MAGNIFIED VIRTUAL IMAGE?

SUCH MIRRORS ARE USED IN BEAUTY SALONS, DENTAL CLINICS, OR OPTICAL INSTRUMENTS WHERE DETAILED VIEWING OR
MAGNIFICATION OF SMALL OBJECTS IS NECESSARY.

How DOES THE OBJECT DISTANCE INFLUENCE THE SIZE OF THE VIRTUAL IMAGE IN A
CONCAVE MIRROR?

AS THE OBJECT MOVES CLOSER TO THE FOCAL POINT FROM BEYOND IT, THE VIRTUAL IMAGE BECOMES LARGER. W/HEN THE OBJECT
IS BETWEEN THE FOCAL POINT AND THE MIRROR, THE VIRTUAL IMAGE IS MAGNIFIED, WITH THE DEGREE OF MAGNIFICATION
DEPENDING ON THE EXACT OBJECT DISTANCE.

\WHAT ARE THE KEY PARAMETERS TO CONSIDER WHEN SELECTING A MIRROR FOR A 3.3-
TIMES VIRTUAL MAGNIFICATION?

FocaL LENGTH, MIRROR CURVATURE, AND OBJECT DISTANCE ARE CRITICAL. THE MIRROR'S FOCAL LENGTH MUST BE APPROPRIATE
SO THAT PLACING THE OBJECT AT THE RIGHT DISTANCE YIELDS THE DESIRED MAGNIFICATION.

How CAN | EXPERIMENTALLY VERIFY THAT A MIRROR PRODUCES A 3.3-TIMES MAGNIFIED
VIRTUAL IMAGE?

PLACE A KNOWN OBJECT AT THE CALCULATED DISTANCE FROM THE MIRROR AND MEASURE THE VIRTUAL IMAGE SIZE. COMPARING
THE IMAGE SIZE TO THE OBJECT SIZE WILL CONFIRM THE MAGNIFICATION FACTOR OF APPROXIMATELY 3.3 TIMES.

ADDITIONAL RESOURCES

You ARe LookING For A MIRROR THAT WILL ENABLE You To See A 3.3-TIMES MAGNIFIED VIRTUAL IMAGE OF AN OBJECT
— THIS SPECIFIC REQUIREMENT HINTS AT A PARTICULAR TYPE OF OPTICAL DEVICE THAT CAN MAGNIFY IMAGES VIRTUALLY,
WITHOUT REAL IMAGE PROJECTION. W/HETHER YOU'RE A STUDENT EXPLORING OPTICS PRINCIPLES, A PROFESSIONAL IN THE FIELD
OF OPTICAL INSTRUMENTS, OR SOMEONE SIMPLY CURIOUS ABOUT HOW MAGNIFICATION WORKS THROUGH MIRRORS,
UNDERSTANDING THE NUANCES OF SUCH A MIRROR IS ESSENTIAL. THIS GUIDE PROVIDES AN IN-DEPTH LOOK INTO THE CONCEPTS,
TYPES, AND APPLICATIONS OF MIRRORS CAPABLE OF PRODUCING A 3.3-TIMES MAGNIFIED VIRTUAL IMAGE, EQUIPPING YOU WITH
THE KNOWLEDGE TO SELECT OR UNDERSTAND SUCH OPTICAL DEVICES.

(UNDERSTANDING THE BASIcS oF MIRROR IMAGE FORMATION

BEFORE DIVING INTO THE SPECIFICS OF A MIRROR THAT PROVIDES A 3.3-TIMES MAGNIFIED VIRTUAL IMAGE, IT’S CRUCIAL TO
REVISIT THE FUNDAMENTAL PRINCIPLES OF HOW MIRRORS FORM IMAGES.

TYPES OF MIRRORS

- PLANE MIRRORS: FLAT SURFACES THAT PRODUCE VIRTUAL, UPRIGHT, AND SAME-SIZED IMAGES.

- SPHERICAL MIRRORS: CURVED MIRRORS, WHICH ARE EITHER CONCAVE OR CONVEX, CAPABLE OF FORMING REAL OR VIRTUAL
IMAGES WITH MAGNIFICATION EFFECTS.



IMAGE FORMATION IN SPHERICAL MIRRORS

- CoNCAVE MIRRORS: CURVED INWARD, RESEMBLING A CAVE. THEY CAN PRODUCE REAL IMAGES (PROJECTED ONTO A SCREEN) OR
VIRTUAL IMAGES (SEEN BEHIND THE MIRROR), DEPENDING ON THE OBJECT’S POSITION RELATIVE TO THE FOCAL POINT.

- CoNVEX MIRRORS: CURVED OUTWARD, PRODUCING ONLY VIRTUAL IMAGES THAT ARE DIMINISHED OR MAGNIFIED DEPENDING ON
THE SITUATION.

Key PARAMETERS

- FocAL LENGTH (F): THE DISTANCE FROM THE MIRROR TO ITS FOCAL POINT, A MEASURE OF ITS CURVATURE.
- OBJecT DisTANCE (U): DISTANCE FROM THE OBJECT TO THE MIRROR.

- IMAGE DisTANCE (v): DISTANCE FROM THE MIRROR TO THE IMAGE.

- MAGNIFICATION (M): A RATIO DESCRIBING THE SIZE OF THE IMAGE RELATIVE TO THE OBJECT, GIVEN BY \( M =
\rRAC{\TEXT{HEIGHT oF MAGE}}{\TEXT{HEIGHT OF oBjECT}} = \FrRAC{VH{U] \).

THE SIGNIFICANCE OF A 3.3-TIMES MAGNIFIED VIRTUAL IMAGE
To ACHIEVE A 3.3-TIMES MAGNIFIED VIRTUAL IMAGE, SEVERAL KEY FACTORS MUST BE CONSIDERED:

- MaGNIFIcaTIoN (M): +3.3 (POSITIVE INDICATING AN UPRIGHT VIRTUAL IMAGE)
- IMAGE TYPE: VIRTUAL (LOCATED BEHIND THE MIRROR)
- IMAGE SizE: 3.3 TIMES LARGER THAN THE OBJECT

THIS SPECIFIC MAGNIFICATION SUGGESTS THAT THE MIRROR MUST HAVE PARTICULAR CURVATURE AND POSITIONING RELATIVE
TO THE OBJECT. TYPICALLY, SUCH MAGNIFICATION IS ASSOCIATED WITH CONCAVE MIRRORS WHEN THE OBJECT IS PLACED
WITHIN THE FOCAL LENGTH, PRODUCING AN ENLARGED, VIRTUAL, AND UPRIGHT IMAGE.

CHoosSING THE RIGHT MirroR: CoNCAVE VvS. CONVEX

CoNCAVE MIRRORS

- CAPABLE OF PRODUCING MAGNIFIED VIRTUAL IMAGES WHEN THE OBJECT IS WITHIN THE FOCAL LENGTH.

- IDEAL FOR APPLICATIONS LIKE MAKEUP MIRRORS, SHAVING MIRRORS, AND CERTAIN SCIENTIFIC INSTRUMENTS.

- How IT WORKS FOR MAGNIFICATION:

- WHEN THE OBJECT IS CLOSER THAN THE FOCAL LENGTH, THE MIRROR PRODUCES A VIRTUAL, UPRIGHT, AND MAGNIFIED IMAGE.

CoNVEX MIRRORS
- ALWAYS PRODUCE VIRTUAL, UPRIGHT, AND DIMINISHED IMAGES.
- NOT SUITABLE FOR MAGNIFICATION GREATER THAN 1; THUS, THEY CANNOT PRODUCE A 3.3-TIMES MAGNIFIED VIRTUAL IMAGE.

THEREFORE, FOR A 3.3-TIMES MAGNIFIED VIRTUAL IMAGE, A CONCAVE MIRROR IS THE APPROPRIATE CHOICE.

CALCULATING THE REQUIRED MIRROR PARAMETERS

TO DESIGN OR SELECT SUCH A MIRROR, UNDERSTANDING THE RELATIONSHIP BETWEEN OBJECT DISTANCE, IMAGE DISTANCE, AND
MAGNIFICATION IS CRUCIAL.

THE MIRROR EQUATION:

\[

\rRAC{ 13}{F} = \rrac{ 1}{V} + \rrac{1}{u3}
\]

MAGNIFICATION FORMULA:

\[
M= \rrac{v}{u}

\]



GIVEN:
-\(M=+3.31\)
- IMAGE 1S VIRTUAL: \( v \) IS NEGATIVE IN THE SIGN CONVENTION (ASSUMING THE POLE AS POSITIVE).

STeP-BY-STEP CALCULATION:

1. Express \( v \) N TeErms ofF \( U \):

\[

v =M\TiMes u = 3.3 \TIMES U

\]

SINCE THE VIRTUAL IMAGE IS UPRIGHT AND BEHIND THE MIRROR, \( V \) IS NEGATIVE:

\[

v=-3.3\TiMes U

\]

2. APPLY THE MIRROR EQUATION:

\[
\FrRAC{ 13}{F} = \rrac{ 1}{V} + \rrac{13}{U} = \rrac{13}{-3.3uU} + \rrac{1}{U} = -\rrAc{13}{3.3uU} + \rrac{1}{u}
\]

\[
\FRAC{ 13}{F} = \LerT( \rrAac{ 13}{u} - \rrAc{ 1} 3.3u} \riGHT) = \FrAc{3.3 - 1}{3.3 U} = \rrAc{2.3}{3.3 U}
\]

3. EXPRESS FOCAL LENGTH:

F = \rrAc{3.3 U}{2.3}
\]

4. SeLecT AN ojecT pisTANCE \( U \):

TO MAKE A PRACTICAL EXAMPLE, SUPPOSE THE OBJECT IS PLACED AT \( U = 10\, \TexT{cm} \):

\[
F=\rrAc{3.3 \TiMes 10\, \TexT{cM}}{2.3} \arPrOX \FRAC{33}{2.3} \approx 14.35\, \TexT{cm}

\]
KEY INSIGHTS:

- THE MIRROR MUST HAVE A FOCAL LENGTH OF APPROXIMATELY 14.35 cMm.

- THE OBJECT SHOULD BE LOCATED WITHIN THE FOCAL LENGTH (\( U < F \)) TO PRODUCE A VIRTUAL, UPRIGHT, MAGNIFIED
IMAGE.

- Since \(u =10\, \text{cm} \) 1s Less THAN \(F \), THIS CONFIGURATION WORKS.

PrAacTICAL DESIGN AND SELECTION TIPS

CHoosING THE RIGHT CONCAVE MIRROR

- FocAL LENGTH: SELECT A MIRROR WITH A FOCAL LENGTH AROUND 14-15 CM TO ACHIEVE THE DESIRED MAGNIFICATION AT
PRACTICAL OBJECT DISTANCES.

- MiRROR CURVATURE: THE RADIUS OF CURVATURE (\( R \)) RELATES TO FocAL LENGTH AS \(F =R/2 \). THus, For \(F
\approx 14.35\ \text{cm}\),

\[

R \approx 28.7\, \Text{cm}

\]

- SIZE AND QUALITYZ L ARGER MIRRORS W/ITH SMOOTH, HIGH-QUALITY REFLECTIVE SURFACES WILL PRODUCE CLEARER, MORE



ACCURATE MAGNIFIED IMAGES.

PoSITIONING THE OBJECT
- PLACE THE OBJECT CLOSER THAN THE FOCAL LENGTH (LESS THAN 14.35 CM IN THE EXAMPLE).
- MAINTAINING THE OBJECT AT APPROXIMATELY 10 CM FROM THE MIRROR ENSURES THE MAGNIFICATION IS CLOSE TO 3.3 TIMES.

ADJUSTING FOR DIFFERENT MAGNIFICATIONS
- TO ALTER THE MAGNIFICATION, CHANGE THE OBJECT DISTANCE \( U \). FOR HIGHER MAGNIFICATION, MOVE THE OBJECT CLOSER
TO THE MIRROR; FOR LOWER, MOVE IT FARTHER WITHIN THE FOCAL LENGTH.

APPLICATIONS OF A 3.3-TIMES MAGNIFIED VIRTUAL IMAGE MIRROR

PErsoNAL GROOMING
- MAKEUP AND SHAVING MIRRORS: HIGH MAGNIFICATION ALLOWS DETAILED VIEWING OF FACIAL FEATURES.
- CoNTACT LENS APPLICATION: PRECISE CONTROL AND INSPECTION.

SCIENTIFIC AND EDUCATIONAL TOOLS
- MicroscoprY AND OBSERVATION: ENHANCING DETAILS OF TINY OBJECTS.
- OPTICS DEMONSTRATIONS: EXPLAINING IMAGE FORMATION PRINCIPLES.

MEeDICAL AND DENTAL FIELDS
- DENTAL MIRRORS: VISUALIZE DETAILED ORAL STRUCTURES.

ARTISTIC AND CREATIVE FIELDS
- PHOTOGRAPHY AND VIDEO MAKEUP: ENSURING FINE DETAILS ARE CAPTURED.

LIMITATIONS AND CONSIDERATIONS

- DISTORTION: EXCESSIVE MAGNIFICATION CAN CAUSE IMAGE DISTORTION; PROPER MIRROR CURVATURE MINIMIZES THIS.
- FIELD OF VIEW: L ARGER MAGNIFIED IMAGES REDUCE THE FIELD OF VIEW, SO BALANCE IS NECESSARY.

- LIGHTING CONDITIONS: PROPER ILLUMINATION ENHANCES THE CLARITY OF THE MAGNIFIED VIRTUAL IMAGE.

- MIRROR QUALITYZ HIGH-QUALITY COATINGS AND SMOOTH SURFACES CONTRIBUTE TO BETTER IMAGE FIDELITY.

SUMMARY AND FINAL RECOMMENDATIONS

- To see A 3.3-TIMES MAGNIFIED VIRTUAL IMAGE OF AN OBJECT, A CONCAVE MIRROR WITH A SUITABLE FOCAL LENGTH (AROUND
14-15 CMFOR TYPICAL SETUPS) IS REQUIRED.

- THE OBJECT SHOULD BE PLACED CLOSER THAN THE FOCAL LENGTH TO PRODUCE AN UPRIGHT, MAGNIFIED, VIRTUAL IMAGE.

- PRECISE CALCULATIONS BASED ON OBJECT AND IMAGE DISTANCES HELP IN SELECTING OR DESIGNING THE IDEAL MIRROR.

- PRACTICAL APPLICATIONS SPAN PERSONAL GROOMING, SCIENTIFIC OBSERVATION, AND EDUCATIONAL DEMONSTRATIONS.

IN ESSENCE, UNDERSTANDING THE RELATIONSHIP BETWEEN THE MIRROR'S CURVATURE, OBJECT PLACEMENT, AND MAGNIFICATION
ALLOWS YOU TO HARNESS THE PRINCIPLES OF OPTICS EFFECTIVELY. WHETHER FOR PROFESSIONAL INSTRUMENTATION OR
PERSONAL USE, CHOOSING THE RIGHT MIRROR WITH THE APPROPRIATE FOCAL LENGTH ENSURES YOU ACHIEVE THAT PERFECT
MAGNIFIED VIRTUAL IMAGE—EXACTLY WHAT YOU'RE SEEKING.
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