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°√≥’∑—»π»“ μ√å·ºπ‡¥‘¡ ·≈–∑—»π»“ μ√å§«Õπμ—¡ ∫∑§«“¡©∫—∫π’È®–√«∫√«¡ß“π«‘®—¬¢Õß∑—»π»“ μ√å π“¡„°≈âπ’È ‚¥¬‡√‘Ë¡®“°

∑ƒ…Æ’¢Õß∑“√å∫Õ∑ ‡≈“ ·≈–∑“√å∫Õ∑-‡≈“ μ≈Õ¥®π≈«¥≈“¬æ√¡¢Õß· ß À√◊Õ≈«¥≈“¬æ√¡§«Õπμ—¡ °“√π”‰ªª√–¬ÿ°μå„™â„π°“√
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¬—ß “¡“√∂π”‰ª„™âæ‘ Ÿ®πå∑ƒ…Æ’§«Õπμ—¡ ‚¥¬‡©æ“–∑—»π»“ μ√å§«Õπμ—¡ „π‡√◊ËÕß¢Õß∑ƒ…Æ’∑«‘¿“æ¢Õß§≈◊Ëπ ·≈–Õπÿ¿“§‰¥â

§” ”§—≠ : ª√“°Ø°“√≥å∑“√å∫Õ∑  ª√“°Ø°“√≥å‡≈“  ª√“°Ø°“√≥å∑—»π»“ μ√å π“¡„°≈â  ∑—»π»“ μ√å§«Õπμ—¡

Abstract

Talbot, Lau and Talbot-Lau effects are an optical near-field effect. They are frequently used in lensless imaging

applications with light, ultrasound, x-rays, atoms and molecules. They can be employed in both of classical and quantum

optics. This article reviews the concept of Talbot, Lau, and Talbot-Lau effects as well as carpets of light or quantum

carpets. The effects have been demonstrated to various applications such as a displacement sensor, x-ray imaging,

measuring the focal length of a lens, and some more on measurements and instrumentations. Also in the fundamental

investigations, these near-field effects have been used to explore the quantum physics, particularly quantum optics

phenomena, e.g. the wave-particle duality. The use of near-field effects to prove this wave-particle duality is reviewed

here.
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∫∑π”

∑ƒ…Æ’∑«‘¿“æ¢Õß· ß (The wave-particle duality of

light) ‡ªìπ∑ƒ…Æ’∑’Ë ”§—≠„π«‘™“øî ‘° å·ºπ„À¡à (modern physics)

μ“¡ª√–«—μ‘»“ μ√å¡’°“√‚μâ·¬âß«à“· ß‡ªìπÕπÿ¿“§ À√◊Õ§≈◊Ëπ ‚¥¬

ŒÕ¬‡°π å (Christian Huygens) Õ∏‘∫“¬«à“· ß§◊Õ§≈◊Ëπ ·μàπ‘«μ—π

(Sir Isaac Newton) μ—Èß¢âÕ ¡¡μ‘∞“π«à“· ß®–ª√–°Õ∫¥â«¬

°≈ÿà¡Õπÿ¿“§ ÷́ËßÀ≈—ß®“°π—ÈπμàÕ¡“Õ’°√“«°«à“ Õß»μ«√√… ‰¥â¡’

°“√æ‘ Ÿ®πå«à“· ß¡’§ÿ≥ ¡∫—μ‘∑—Èß§«“¡‡ªìπ§≈◊Ëπ ·≈–Õπÿ¿“§ ‚¥¬

ª√“°Ø°“√≥å‚ø‚μÕ‘‡≈Á°μ√‘° ÷́Ëß§âπæ∫‚¥¬‰Õπå ‰μπå (Albert

Einstein) ‰¥âæ‘ Ÿ®πå«à“· ßª√–æƒμ‘μ—«‡ªìπÕπÿ¿“§ „π¢≥–∑’Ë°“√

‡≈’È¬«‡∫π (diffraction) ·≈–°“√·∑√° Õ¥ (interference) ¢Õß

· ß¬◊π¬—π«à“· ßª√–æƒμ‘μ—«‡ªìπ§≈◊Ëπ

°“√‡≈’È¬«‡∫π¢Õß· ß‡°‘¥¢÷Èπ‡¡◊ËÕ· ß‡¥‘π∑“ßºà“π ‘Ëß

°’¥¢«“ß μ—«Õ¬à“ß‡™àπ  ≈‘μ‡¥’Ë¬« (single slit) À√◊Õ  ≈‘μ§Ÿà (double

slit) À≈—ß®“°· ß‡≈’È¬«‡∫πºà“π ‘Ëß°’¥¢«“ß·≈â«§≈◊Ëπ· ß®–

·∑√° Õ¥°—π∑”„Àâª√“°Ø√‘È«√Õ¬·∑√° Õ¥¢÷Èπ  ”À√—∫°“√‡≈’È¬«

‡∫π¢Õß· ßπ—Èπ “¡“√∂·∫àß‰¥â‡ªìπÀ≈—°Ê  Õßª√–‡¿∑ §◊Õ °“√

‡≈’È¬«‡∫π·∫∫ π“¡„°≈â (near-field) ·≈– π“¡‰°≈ (far-field)

°“√‡≈’È¬«‡∫π·∫∫ π“¡‰°≈  “¡“√∂Õ∏‘∫“¬‰¥â¥â«¬

∑ƒ…Æ’¢Õßø√Õπ‚Œ‡øÕ√å (Fraunhofer theory) μ—«Õ¬à“ß∑’Ë ”§—≠

§◊Õ °“√∑¥≈Õß ≈‘μ§Ÿà¢Õß¬—ß (Young double-slit experiment)

´÷Ëß¡’°“√„™â„π “¢“«‘™“∑—»π»“ μ√å ∑—Èß·∫∫·ºπ‡¥‘¡ (Classical

optics) ·≈–∑—»π»“ μ√å§«Õπμ—¡ (Quantum optics) μ—«Õ¬à“ß

¢Õß°“√‡≈’È¬«‡∫π·∫∫ π“¡‰°≈∑’Ë́ —∫ ấÕπ¢÷Èπ ‡™àπ Õ‘π‡μÕ√å‡øï¬-

√Õ¡‘‡μÕ√å¢Õß¡—§-‡´π‡¥Õ√å (Mach-Zehnder interferometer)

‡ªìπμâπ

 

ª√“°Ø°“√≥å¢Õß∑“√å∫Õ∑ (Talbot effect) ·≈–‡≈“ (Lau

effect) ÷́Ëß§âπæ∫‚¥¬∑“√å∫Õ∑ „πªï 1836 (Talbot, 1836) ·≈–

‡≈“ „πªï 1948 (Lau, 1948) μ“¡≈”¥—∫ ‡ªìπª√“°Ø°“√≥å°“√

‡≈’È¬«‡∫π·∫∫ π“¡„°≈â ∑—Èß Õßª√“°Ø°“√≥å¡’§«“¡§≈â“¬§≈÷ß°—π

π—Ëπ§◊Õ¡’°“√Õ∏‘∫“¬¥â«¬°“√‡≈’È¬«‡∫π·∫∫‡ø√®‡π≈ (Fresnel

diffraction) ª√“°Ø°“√≥å¢Õß∑“√å∫Õ∑®–‡°‘¥¢÷Èπ‡¡◊ËÕ¡’·À≈àß

°”‡π‘¥· ßÕ“æ—π∏å ‡™àπ‡≈‡´Õ√å‡≈’È¬«‡∫πºà“π‡°√μμ‘ß·≈–‰ª

·∑√° Õ¥°—π∑’Ë√–¬–∑“√å∫Õ∑ LT ¿“æ√‘È«√Õ¬·∑√° Õ¥∑’Ë‡°‘¥¢÷Èπ

(¿“æ∑’Ë 1 ́ â“¬) ®–¡’¢π“¥‡∑à“°—∫‡°√μμ‘ß∑ÿ°ª√–°“√ (self-imaging)

„π°√≥’∑—Ë«‰ª¬—ß “¡“√∂ —ß‡°μ¿“æ√‘È«√Õ¬°“√·∑√° Õ¥∑’Ë√–¬–

Õ—μ√“ à«π¢Õß√–¬–∑“√å∫Õ∑ (fractional Talbot effect) ‰¥â‡™àπ

°—π ·μà√‘È«√Õ¬·∑√° Õ¥∑’Ë‡°‘¥¢÷Èπ®–¡’¢π“¥‡≈Á°°«à“‡°√μμ‘ß¥â«¬

¿“æ√‘È«√Õ¬°“√·∑√° Õ¥‡™àπ‡¥’¬«°—ππ’È¬—ß “¡“√∂ —ß‡°μ‰¥â®“°

ª√“°Ø°“√≥å¢Õß‡≈“Õ’°¥â«¬

ª√“°Ø°“√≥å¢Õß‡≈“ (¿“æ∑’Ë 1 ¢«“)  “¡“√∂„™â°—∫

·À≈àß°”‡π‘¥· ß∑’Ë ‰¡àÕ“æ—π∏å‰¥â ¿“æ√‘È«√Õ¬°“√·∑√° Õ¥„π

°√≥’π’È®–‡°‘¥∑’Ë√–¬–Õπ—πμå  πÕ°®“°π—Èπ¬—ß “¡“√∂√«¡ª√“°Ø°“√≥å

∑—Èß Õß‡¢â“¥â«¬°—π‡√’¬°«à“ ª√“°Ø°“√≥å∑“√å∫Õ∑-‡≈“ (Tabot-Lau

effect) ´÷Ëß‡ªìπ°“√√«¡ª√–‚¬™πå¢Õß∑—Èß Õßª√“°Ø°“√≥å‡¢â“

¥â«¬°—π

°“√∑¥≈Õß°“√‡≈’È¬«‡∫π·∫∫ π“¡„°≈âπ’È ¡’°“√√“¬ß“π

∫π∞“π¢âÕ¡Ÿ≈¡“°¡“¬ ∑—Èß„π à«π¢Õß∑ƒ…Æ’ ·≈–°“√∑¥≈Õß øî ‘° å

¡Ÿ≈∞“π ·≈–°“√ª√–¬ÿ°μå„™â ®“°√“¬ß“π∑—ÈßÀ¡¥¡’°“√∑¥≈Õß

∑’Ëπà“ π„® ·≈– ”§—≠Õ—πÀπ÷Ëß§◊Õ °“√ √â“ß≈«¥≈“¬∑’Ë‡√’¬°«à“

≈«¥≈“¬æ√¡§«Õπμ—¡ (quantum carpets) À√◊Õ ≈«¥≈“¬æ√¡

¿“æ∑’Ë 1 ª√“°Ø°“√≥å¢Õß∑“√å∫Õ∑ (´â“¬) ª√“°Ø°“√≥å¢Õß‡≈“ (¢«“)
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¢Õß· ß (carpets of light) (Berry et al., 2001) ª√“°Ø°“√≥å

¢Õß∑“√å∫Õ∑ ·≈–∑“√å∫Õ∑-‡≈“ ¬—ß∂Ÿ°„™â „π°“√∑¥≈Õß°—∫

Õ–μÕ¡„π‚¥‡¡π¢Õßæ‘°—¥ (Berman, 1997; Chapman et al., 1995;

Clauser et al., 1994; Nowak et al., 1997) ‚¥‡¡π¢Õß‡«≈“

(Ryu et al., 2006) ·≈–°—∫‚¡‡≈°ÿ≈ (Brezger et al., 2002; Gerlich

et al., 2007)

„π∫∑§«“¡©∫—∫π’È ®–Õ∏‘∫“¬ª√“°Ø°“√≥å‡≈’È¬«‡∫π·∫∫

 π“¡„°≈â ‚¥¬¡’‡π◊ÈÕÀ“μ“¡≈”¥—∫ ‚¥¬‡√‘Ë¡μâπ°≈à“«∂÷ß

ª√“°Ø°“√≥å¢Õß∑“√å∫Õ∑ ‡≈“ ·≈–∑“√å∫Õ∑-‡≈“ √«¡∂÷ß∑ƒ…Ø’

∑’Ë‡°’Ë¬«¢âÕß ≈«¥≈“¬æ√¡§«Õπμ—¡ À√◊Õ≈«¥≈“¬æ√¡¢Õß· ß

°“√ª√–¬ÿ°μå„™â°—∫ß“π«‘®—¬μà“ßÊ ∑’Ë ”§—≠ ·≈–®∫∫∑§«“¡¥â«¬

°“√„™âª√“°Ø°“√≥å°—∫§≈◊Ëπ  “√ §◊Õ Õ–μÕ¡·≈–‚¡‡≈°ÿ≈

ª√“°Ø°“√≥å∑“√å∫Õ∑
„πªï 1836 ‡Œπ√’ ∑“√å∫Õ∑ (William Henry Fox Talbot)

(Talbot, 1836) ‰¥âμ’æ‘¡æåº≈ß“π®“°°“√ —ß‡°μ°“√·∑√° Õ¥

¢Õß· ßÀ≈—ß®“°¡’°“√‡≈’È¬«‡∫πºà“π‡°√μμ‘ß ®“°°“√∑¥≈Õß

· ¥ß„Àâ‡ÀÁπ«à“√‘È«√Õ¬°“√·∑√° Õ¥∑’Ë‡°‘¥¢÷ÈπÀ≈—ß‡°√μμ‘ß®–¡’

¢π“¥‡∑à“°—∫¢π“¥¢Õß§“∫¢Õß‡°√μμ‘ß∑ÿ°ª√–°“√ ∂â“√–¬–

√–À«à“ß‡°√μμ‘ß·≈–μ”·Àπàß©“°√—∫¿“æ‡∑à“°—∫√–¬–∑’Ë·πàπÕπ

§à“Àπ÷Ëß∑’Ë‡√’¬°«à“ √–¬–∑“√å∫Õ∑ (Talbot length) ÷́Ëß‡ªìπ‰ªμ“¡

 ¡°“√

(1)

‚¥¬∑’Ë d §◊Õ§à“§ß∑’Ë§“∫¢Õß‡°√μμ‘ß (grating period) ·≈– λ §◊Õ

§à“§«“¡¬“«§≈◊Ëπ¢Õß· ß∑’Ë„™â∑¥≈Õß

™ÿ¥∑¥≈Õß¢Õß∑“√å∫Õ∑· ¥ß¥—ß¿“æ∑’Ë 1 ( ấ“¬) · ß∑’Ë

„™â„π°“√∑¥≈Õß„πª√“°Ø°“√≥å∑“√å∫Õ∑π’È®–μâÕß‡ªìπ· ßÕ“æ—π∏å1

(coherent light) ∑—Èßμ“¡¬“« ·≈–μ“¡¢«“ß À≈—ß®“°· ß‡≈’È¬«

‡∫πºà“π‡°√μμ‘ß ¿“æ√‘È«√Õ¬°“√·∑√° Õ¥∑’Ë¡’¢π“¥¢Õß√‘È«√Õ¬

‡∑à“°—∫‡°√μμ‘ß∑ÿ°ª√–°“√®–‡°‘¥¢÷Èπ∑—π∑’∑’Ëμ”·ÀπàßÀ≈—ß‡°√μμ‘ß

(z = 0) ·≈–‡°‘¥Õ’°§√—Èß∑’Ë√–¬–∑“√å∫Õ∑¥—ß∑’Ë°≈à“«‰ª·≈â«¢â“ßμâπ

∂â“æ‘®“√≥“· ß¥â«¬§≈◊Ëπ√–π“∫ ÷́Ëß¡’‡≈¢§≈◊Ëπ (wave

number) ‡∑à“°—∫ k = 2π / λ ‡¥‘π∑“ßºà“π‡°√μμ‘ß ∑’Ë«“ß‰«â∑’Ë

μ”·Àπàß z = 0 („Àâ§≈◊Ëπ√–π“∫‡¥‘π∑“ßμ“¡·π«·°π z ·≈–

‡°√μμ‘ß®–¡’§“∫«“ßμ“¡·π«·°π x) ·≈–μ°°√–∑∫‡°√μμ‘ßπ’È

¥â«¬¡ÿ¡ θ „¥Ê ∑’Ë∑”°—∫·°π z ¥—ßπ—Èπ “¡“√∂‡¢’¬π ¡°“√øíß°å™—π

2d
LT   

§≈◊Ëπ·∫∫‰¡à¢÷Èπ°—∫‡«≈“∑’Ë√–¬– z „¥Ê §◊Õ (Case et al., 2009)

(2)

‚¥¬∑’Ë An §◊ÕÕß§åª√–°Õ∫ø√Ÿ‡√’¬√å¢Õßøíß°å™—π¢Õß°“√ àßºà“π¢Õß

‡°√μμ‘ß

kθ =  k sin θ §◊ÕÕß§åª√–°Õ∫¢Õß‡≈¢§≈◊Ëπμ“¡·π«·°π x

kd = 2π / d §◊ÕÕß§åª√–°Õ∫¢Õß‡≈¢§≈◊Ëπ®“°§à“§ß∑’Ë

§“∫¢Õß‡°√μμ‘ß

„π°√≥’‡©æ“–ª√“°Ø°“√≥å¢Õß∑“√å∫Õ∑ ®–‰¥â«à“ kθ  = 0 ‡æ√“–

©–π—Èπ øíß°å™—π§≈◊Ëπ§◊Õ

(3)

‚¥¬¡ÿ¡‡ø ∑’Ë§ß∑’Ë∑—ÈßÀ¡¥ “¡“√∂μ—¥∑‘Èß‰¥â ·≈– LT §◊Õ√–¬–

∑“√å∫Õ∑¥—ß∑’Ë°≈à“«‰ª·≈â«¥—ß ¡°“√∑’Ë (1)

 ¡°“√∑’Ë (3) „™âÕ∏‘∫“¬¿“æ√‘È«√Õ¬°“√·∑√° Õ¥∑’Ë‡ªìπ§“∫

‡∑à“°—∫§“∫¢Õß‡°√μμ‘ß„πª√“°Ø°“√≥å∑“√å∫Õ∑π’È ∑’Ë√–¬– z = 2nLT

(n = 0,1,2,3,...) „¥Ê ®“°‡°√μμ‘ß À√◊Õ∑’Ë√–¬– z = (2n + 1)LT

®–‰¥â√‘È«√Õ¬°“√·∑√° Õ¥∑’Ë¡’¢π“¥‡∑à“°—∫‡°√μμ‘ß‡™àπ°—π·μà‡ø 

®–‡≈◊ËÕπ‰ª‡∑à“°—∫§√÷Ëß§“∫¢Õß‡°√μμ‘ß

„π°√≥’∑’Ë —ß‡°μ¿“æ√‘È«√Õ¬°“√·∑√° Õ¥∑’Ë√–¬–‡»… à«π¢Õß

∑“√å∫Õ∑ z = (s + p / r)2LT ‚¥¬∑’Ë s, p ·≈– r ‡ªìπ‡≈¢®”π«π

‡μÁ¡∫«° ·≈–¡’‡ß◊ËÕπ‰¢∑’Ë p < r øíß°å™—π§≈◊Ëπ§◊Õ

(4)

‡æ√“–©–π—Èπ§«“¡‡¢â¡· ß∑’Ë√–¬– x ·≈– z μà“ßÊ §◊Õ

ª√“°Ø°“√≥å∑“√å∫Õ∑-‡≈“
„π°√≥’¢Õßª√“°Ø°“√≥å∑“√å∫Õ∑-‡≈“ (¿“æ∑’Ë 3) ´÷Ëß°Á

§◊Õ°“√√«¡ª√“°Ø°“√≥å¢Õß∑“√å∫Õ∑ ·≈–ª√“°Ø°“√≥å¢Õß‡≈“

1 √“¬≈–‡Õ’¬¥¢Õß· ßÕ“æ—π∏å (optical coherence) À“Õà“π‰¥â®“°Àπ—ß ◊Õ optics ‡∫◊ÈÕßμâπ∑—Ë«‰ª
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‡¢â“¥â«¬°—π §≈◊Ëπ∑’Ë„™â “¡“√∂∑’Ë®–‡ªìπ§≈◊Ëπ∑’Ë‰¡àÕ“æ—π∏å‰¥â (spatial

incoherent waves) ÷́Ëß¡ÿ¡μ°°√–∑∫∑’Ë‡°√μμ‘ß θ ®–¡’§à“∑’Ë¡ÿ¡

μà“ßÊ ‰¥â ¥—ßπ—Èπ™ÿ¥∑¥≈Õß¢Õßª√“°Ø°“√≥å∑“√å∫Õ∑-‡≈“®÷ßμâÕß

„™â‡°√μμ‘ß ÕßÕ—π ‚¥¬‡°√μμ‘ß∑’ËÀπ÷Ëß®–∑”Àπâ“∑’Ë∑”„Àâ§≈◊Ëπ‡ªìπ

§≈◊ËπÕ“æ—π∏å ¥—ßπ—Èπ‡¡◊ËÕ§≈◊Ëπ‡¥‘π∑“ß∂÷ß‡°√μμ‘ß∑’Ë Õß®÷ß¡’°“√

‡≈’È¬«‡∫π·≈–·∑√° Õ¥∑’ËÀ≈—ß‡°√μμ‘ß∑’Ë Õßπ’È ´÷Ëß√‘È«√Õ¬°“√

·∑√° Õ¥°Á®–¡’√Ÿª√à“ß ·≈–¢π“¥‡À¡◊Õπ°—∫‡°√μμ‘ß∑ÿ°ª√–°“√

¥—ß‡™àπª√“°Ø°“√≥å¢Õß∑“√å∫Õ∑ ‚¥¬°”Àπ¥„Àâ√–¬–√–À«à“ß

‡°√μμ‘ß∑’ËÀπ÷Ëß ·≈–‡°√μμ‘ß∑’Ë Õß §◊Õ z = L1 ·≈–√–¬–√–À«à“ß

‡°√μμ‘ß∑’Ë Õß ·≈–©“°√—∫¿“æ (°≈âÕß CCD) §◊Õ z = L2

‡æ√“–©–π—Èπ ¡°“√§≈◊Ëπ∑’Ë¥â“πÀπâ“¢Õß‡°√μμ‘ß∑’Ë Õß  “¡“√∂

Õ∏‘∫“¬‰¥â®“° ¡°“√∑’Ë (2) ‚¥¬∑’Ë„Àâ√–¬– z = L1 ¥—ßπ—Èπ∂â“‡°√μμ‘ß

∑—Èß Õß¡’¢π“¥¢Õß§à“§ß∑’Ë‡°√μμ‘ß‡∑à“°—π √Ÿª·∫∫§«“¡‡¢â¡· ß

¢Õß√‘È«√Õ¬°“√·∑√° Õ¥∑’Ë‡°‘¥¢÷Èπ∑’Ë©“°√—∫¿“æ‡π◊ËÕß®“°§≈◊Ëπ

√–π“∫∑’Ë¡ÿ¡μ°°√–∑∫ θ „¥Ê §◊Õ

(5)

æ‘®“√≥“∑’Ë¡ÿ¡μ°°√–∑∫∑—ÈßÀ¡¥®–‰¥â          ‡π◊ËÕß®“°

 ¡°“√∑’Ë (5) ¢÷Èπ°—∫§à“ kθ ¥—ßπ—Èπ√‘È«√Õ¬·∑√° Õ¥∑’Ë©“°®–

‰¡à‡°‘¥¢÷Èπ¬°‡«âπ —¡ª√– ‘∑∏‘Ï¢Õß kθ „π ¡°“√∑’Ë (5) ¡’§à“‡ªìπ»Ÿπ¬å

®–‰¥â

(6)

 ¡°“√∑’Ë (6) ‡ªìπ‡ß◊ËÕπ‰¢°“√‡°‘¥¿“æ√‘È«√Õ¬°“√·∑√° Õ¥∑’Ë

‚À¡¥μà“ßÊ‡π◊ËÕß®“°§«“¡ —¡æ—π∏å¢Õß‡°√μμ‘ß∑—Èß Õß ‚¥¬

ª√“°Ø°“√≥åπ’È‡√’¬°«à“ ª√“°Ø°“√≥å∑“√å∫Õ∑-‡≈“ „π°√≥’¢Õß

ª√“°Ø°“√≥å¢Õß‡≈“ (¿“æ∑’Ë 1) ®–‡≈◊Õ°∑’Ë‡ß◊ËÕπ‰¢ mû - m =

n - nû ®–‰¥â L2 = ∞ π—Ëπ‡Õß „π°√≥’∑’Ë„™âª√“°Ø°“√≥å∑“√å∫Õ∑-

‡≈“∑’Ë‡ß◊ËÕπ‰¢ mû - m = 2(n - nû)®–‰¥â L1 = L2 ´÷Ëß‡ªìπ°√≥’∑’Ë

I *

IIT

1

1
2

nn

mm
L

L  

‰¡àμâÕß„™â‡≈π å„π°“√ —ß‡°μ√‘È«√Õ¬°“√·∑√° Õ¥∑’Ë‡°‘¥¢÷Èπ

≈«¥≈“¬æ√¡§«Õπμ—¡ À√◊Õ≈«¥≈“¬æ√¡¢Õß· ß
≈«¥≈“¬æ√¡§«Õπμ—¡2 À√◊Õ≈«¥≈“¬æ√¡¢Õß· ß §◊Õ

≈«¥≈“¬∑’Ë‡°‘¥®“°°“√√«¡¿“æ√‘È«√Õ¬°“√·∑√° Õ¥„πª√“°Ø

°“√≥å∑“√å∫Õ∑ À√◊Õ∑“√å∫Õ∑-‡≈“∑’Ë√–¬– z μà“ßÊ ¥—ß· ¥ß„π¿“æ∑’Ë

2 ·≈– 3 °“√®”≈Õß≈«¥≈“¬æ√¡¢Õß· ß·∫∫ ¡∫Ÿ√≥å “¡“√∂

· ¥ß„Àâ‡ÀÁπ‰¥â (Berry et al., 2001) ·μà°“√∑¥≈Õß √â“ß

≈«¥≈“¬æ√¡¢Õß· ß·∫∫‡μÁ¡√Ÿª·∫∫∑”‰¥â‚¥¬ (Case et al.,

2009) °“√„™â· ß‡≈‡´Õ√å¥—ß™ÿ¥∑¥≈Õß„π¿“æ∑’Ë 2 ¿“æ∑’Ë 2 (c)

· ¥ßº≈¢Õß°“√®”≈Õß≈«¥≈“¬æ√¡¢Õß· ß®“° ¡°“√∑’Ë 3

®“°¿“æ· ¥ß„Àâ‡ÀÁπ«à“º≈®“°·∫∫®”≈Õßμ“¡∑ƒ…Æ’ ·≈–º≈

®“°°“√∑¥≈Õß Õ¥§≈âÕß°—πÕ¬à“ß™—¥‡®π

°“√ª√–¬ÿ°μå„™â„πß“π«‘®—¬ ·≈–°“√ √â“ß‡§√◊ËÕß¡◊Õμà“ßÊ

∑’Ë ”§—≠
ª√“°Ø°“√≥å°“√‡≈’È¬«‡∫π·∫∫ π“¡„°≈â ‰¥â∂Ÿ°π”‰ª„™â

„πß“π«‘®—¬À≈“°À≈“¬ “¢“ μ—«Õ¬à“ß‡™àπ „π∑“ß°“√·æ∑¬å¡’

°“√π”‰ª„™â°—∫°“√∂à“¬¿“æ√à«¡°—∫°“√∂à“¬¿“æ¥â«¬√—ß ’‡ÕÁ° ǻ

(Pfeiffer et al., 2006) ∑”„Àâ ‰¥â¿“æ¡’§«“¡§¡™—¥¢÷ÈπÕ¬à“ß¡“°

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫®“°‡ø ∑’Ë·μ°μà“ß ¿“æ∑’Ë 4 ‡ªìπμ—«Õ¬à“ß¢Õß

°“√‡ª√’¬∫‡∑’¬∫¿“æ∂à“¬√—ß ’‡ÕÁ°´å·∫∫«‘∏’·ºπ‡¥‘¡ π—Ëπ§◊Õ°“√

∂à“¬¿“æ°“√ àßºà“π¢Õß√—ß ’‡ÕÁ°´å (¿“æ∑’Ë 4 a)) ·≈–√Ÿª∑’Ë∂à“¬

¿“æ¥â«¬√—ß ’‡ÕÁ°´å·≈–«‘∏’°“√„™âª√“°Ø°“√≥å∑“√å∫Õ∑-‡≈“ (¿“æ

∑’Ë 4 b))

πÕ°®“°°“√ª√–¬ÿ°μå„™â¥—ß∑’Ë°≈à“«‰ª¢â“ßμâππ’È ®π∂÷ß

ªí®®ÿ∫—π¬—ß¡’°“√π”‰ª„™âÕ’°¡“°¡“¬ μ—«Õ¬à“ß‡™àπ °“√«—¥√–¬–

∑“ß∑’Ë·¡àπ¬” (Spagnolo et al., 2002) °“√«—¥¥—™π’À—°‡À¢Õß

  “√∑’Ë¡’§«“¡·¡àπ¬” Ÿß (Bhattacharya, 1989) °“√∑” ‡ª°-

‚μ√ ‚§ªï (Nicola, et al., 2004) °“√«—¥°“√ —Ëπ –‡∑◊Õπ¢Õß«—μ∂ÿ

„¥Ê (Quan et al., 2006) °“√«—¥§«“¡¬“«‚ø°— ¢Õß‡≈π å

(Nakano, et al., 1984) ‡ªìπμâπ

ª√“°Ø°“√≥å∑“√å∫Õ∑ ·≈–∑“√å∫Õ∑-‡≈“°—∫§≈◊Ëπ  “√
·π«§«“¡§‘¥¢Õß§≈◊Ëπ  “√ ‰¥â∂Ÿ°Õ∏‘∫“¬§√—Èß·√°‚¥¬

‡¥Õ∫√Õ¬≈å (Louis de Broglie) „πªï 1923 ‚¥¬¡’·π«§‘¥«à“ Õπÿ¿“§

2 „π°√≥’¢Õß≈«¥≈“¬æ√¡§«Õπμ—¡‡°‘¥®“°°“√·∑√° Õ¥¢ÕßÕπÿ¿“§§«Õπμ—¡ ‡™àπ ‚øμÕπ‡¥’Ë¬« À√◊Õ§≈◊Ëπ  “√ ‡ªìπμâπ
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¿“æ∑’Ë 2 a) ª√“°Ø°“√≥å∑“√å∫Õ∑ ‚¥¬„™â§≈◊Ëπ√–π“∫‡ªìπ·À≈àß°”‡π‘¥· ß b) ™ÿ¥∑¥≈Õßª√“°Ø°“√≥å∑“√å∫Õ∑ ª√–°Õ∫¥â«¬

·À≈àß°”‡π‘¥· ß‡≈‡´Õ√å§«“¡¬“«§≈◊Ëπ 532 π“‚π‡¡μ√ ‡°√μμ‘ß ·≈–°≈âÕß CCD ´÷Ëß “¡“√∂‡≈◊ËÕπμ”·Àπàß‰¥â c) ·∫∫

®”≈Õß≈«¥≈“¬æ√¡¢Õß· ß ¥—ß∑ƒ…Æ’μ“¡ ¡°“√∑’Ë 3 d) º≈°“√∑¥≈Õß≈«¥≈“¬æ√¡¢Õß· ß∑’Ë‰¥â®“°™ÿ¥∑¥≈Õß„π¢âÕ b)

‚¥¬·°π x · ¥ß§“∫¢Õß√‘È«√Õ¬°“√·∑√° Õ¥ ·≈–·°π z · ¥ß√–¬–®“°‡°√μμ‘ß∂÷ß°≈âÕß CCD (Case et al., 2009)

 √“¬ÿ∏  ‡¥™–ªí≠≠“ / «“√ “√ «‘∑¬“»“ μ√å∫Ÿ√æ“ ©∫—∫æ‘‡»… 2552 : 100-108104



 

¿“æ∑’Ë 3 a) ª√“°Ø°“√≥å∑“√å∫Õ∑-‡≈“ ‚¥¬ “¡“√∂„™â§≈◊Ëπ‰¡àÕ“æ—π∏å‡ªìπ·À≈àß°”‡π‘¥· ß b) ™ÿ¥∑¥≈Õßª√“°Ø°“√≥å∑“√å∫Õ∑-‡≈“

ª√–°Õ∫¥â«¬·À≈àß°”‡π‘¥· ßÀ≈Õ¥‚´‡¥’¬¡‚¥¬‡≈◊Õ°§«“¡¬“«§≈◊Ëπ 589 π“‚π‡¡μ√ ‡°√μμ‘ß ·≈–°≈âÕß CCD ´÷Ëß

 “¡“√∂‡≈◊ËÕπμ”·Àπàß‰¥â c) ·∫∫®”≈Õß≈«¥≈“¬æ√¡¢Õß· ß ¥—ß∑ƒ…Æ’∑“√å∫Õ∑-‡≈“®“°§«“¡‡¢â¡· ß IT d) º≈°“√

∑¥≈Õß≈«¥≈“¬æ√¡¢Õß· ß∑’Ë‰¥â®“°™ÿ¥∑¥≈Õß„π¢âÕ b) ‚¥¬·°π x · ¥ß§“∫¢Õß√‘È«√Õ¬°“√·∑√° Õ¥ ·≈–·°π z · ¥ß

√–¬–√–À«à“ß‡°√μμ‘ß∑’ËÀπ÷Ëß ·≈–‡°√μμ‘ß∑’Ë Õß ´÷Ëß¡’§à“‡∑à“°—∫√–¬–®“°‡°√μμ‘ß∑’Ë Õß∂÷ß°≈âÕß CCD (Case et al., 2009)
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¿“æ∑’Ë 4 ¿“æ∂à“¬√—ß ’‡Õ°´å∑’Ë∂à“¬®“°√—ß ’‡Õ° ǻæ≈—ßß“π 40 kV/25mA a) ¿“æ∂à“¬®“°°“√ àßºà“π¢Õß√—ß ’‡ÕÁ°´å b) ¿“æ∂à“¬¥â«¬

√—ß ’‡ÕÁ° ǻ·≈–«‘∏’°“√„™âª√“°Ø°“√≥å∑“√å∫Õ∑-‡≈“ c),e),g) ¿“æ¢¬“¬¢Õß a) ·≈– d),f),h) ¿“æ¢¬“¬¢Õß b) (Pfeiffer

et al., 2006)

¿“æ∑’Ë 5 ™ÿ¥∑¥≈Õßª√“°Ø°“√≥å∑“√å∫Õ∑-‡≈“ °—∫‚¡‡≈°ÿ≈ C
70
 (Brezger et al., 2002)

 

 √“¬ÿ∏  ‡¥™–ªí≠≠“ / «“√ “√ «‘∑¬“»“ μ√å∫Ÿ√æ“ ©∫—∫æ‘‡»… 2552 : 100-108106



„¥Ê  “¡“√∂ª√–æƒμ‘μ—«‡ªìπ§≈◊Ëπ‰¥â ‡√’¬°«à“∑ƒ…Æ’∑«‘¿“æ¢Õß

Õπÿ¿“§ ·≈–‡√’¬°§«“¡¬“«§≈◊Ëπ¢Õß  “√ À√◊ÕÕπÿ¿“§«à“ §«“¡

¬“«§≈◊Ëπ‡¥Õ∫√Õ¬≈å (de Broglie wavelength)

°“√æ‘ Ÿ®πå ·≈–°“√∑¥≈Õß∑ƒ…Æ’∑«‘¿“æ¢ÕßÕπÿ¿“§π’È ‰¥â

¡’°“√∑”μ“¡≈”¥—∫®“°Õ‘‡≈Á°μ√Õπ (Davisson & Germer, 1927)

π‘«μ√Õπ (Summhammer et al., 1983) ·≈– Õ–μÕ¡ (Estermann

& Stern, 1930; Chapman et al., 1995; Clauser et al., 1994)

°“√∑¥≈Õß°—∫Õπÿ¿“§∑’Ë¡’¡«≈¡“°¢÷Èπ‰¥â∂Ÿ°∑¥≈ÕßÕ¬à“ßμàÕ‡π◊ËÕß

‰´≈‘π‡ßÕ√å (Anton Zeilinger) ·≈– Õ“π∑å (Markus Arndt) ‰¥â

∑”°“√∑¥≈Õß°“√‡≈’È¬«‡∫π¢Õß§≈◊Ëπ  “√‚¥¬„™â‚¡‡≈°ÿ≈¢Õß C
70

°—∫™ÿ¥∑¥≈ÕßÕ‘π‡μÕ√å‡øï¬√Õ¡‘‡μÕ√å¢Õß∑“√å∫Õ∑-‡≈“ (Brezger

et al., 2002) À≈—ß®“°π—Èπ Õ“π∑å ·≈–§≥–‰¥â∑”°“√∑¥≈Õß

Õ¬à“ßμàÕ‡π◊ËÕß‚¥¬‡æ‘Ë¡¡«≈ ·≈–§«“¡´—∫´âÕπ¢Õß‚¡‡≈°ÿ≈®π∂÷ß

‚¡‡≈°ÿ≈„π°≈ÿà¡ azobenzenes (Gerlich et al., 2007) ´÷Ëß‡ªìπ

‚¡‡≈°ÿ≈ À√◊ÕÕπÿ¿“§∑’Ë´—∫´âÕπ∑’Ë ÿ¥∑’Ë∑”°“√∑¥≈Õßæ‘ Ÿ®πå§≈◊Ëπ

  “√®π∂÷ßªí®®ÿ∫—π

πÕ°®“°°“√„™â„πß“π«‘®—¬æ◊Èπ∞“π¥—ß∑’Ë°≈à“«‰ª·≈â«π—Èπ

¬—ß¡’°“√π”¡“„™â«—¥§à“§«“¡ “¡“√∂„π°“√·¬°¢—È« (Polarizability)

¢Õß‚¡‡≈°ÿ≈ ‡™àπ C
60
 C

70
 (Berninger et al., 2007) TPP ·≈–

FeClTPP (Deachapunya et al., 2007) ‡ªìπμâπ

 √ÿª
°“√‡≈’È¬«‡∫π¢Õß§≈◊Ëπ„¥Ê ºà“π ‘Ëß°’¥¢«“ß  “¡“√∂·∫àß

·¬°‰¥â‡ªìπ Õß™π‘¥§◊Õ ª√“°Ø°“√≥å°“√‡≈’È¬«‡∫π·∫∫ π“¡‰°≈

·≈–·∫∫ π“¡„°≈â ‚¥¬ª√“°Ø°“√≥å°“√‡≈’È¬«‡∫π·∫∫ π“¡„°≈â

‡ªìπª√“°Ø°“√≥å∑’Ë´—∫´âÕπ∑—Èß∑ƒ…Æ’∑’Ë‡°’Ë¬«¢âÕß ·≈–°“√∑¥≈Õß

·μàÕ¬à“ß‰√°Áμ“¡°Á “¡“√∂„™âª√–‚¬™πå‰¥âÀ≈“°À≈“¬ ∑—Èß°“√

ª√–¬ÿ°μå„™â √â“ß‡§√◊ËÕß¡◊Õμà“ßÊ ·≈–°“√»÷°…“øî ‘° å¡Ÿ≈∞“π∑’Ë ”§—≠

‡™àπ°≈»“ μ√å§«Õπμ—¡ ∑—»π»“ μ√å§«Õπμ—¡ ·≈–§≈◊Ëπ  “√

‡ªìπμâπ
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