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À≈—°°“√ ¡¥ÿ≈‰ª„™âÀ“·√ß°√–∑”μàÕ à«πμà“ßÊ „π‚§√ß √â“ß¢Õß ‘Ëß°àÕ √â“ßÀ√◊Õ‡§√◊ËÕß¡◊Õ°≈∫“ß™π‘¥

4.1  ¡¥ÿ≈°≈ (mechanical equilibrium)

®“°°Æ°“√‡§≈◊ËÕπ∑’Ë¢âÕ∑’Ë 1 ¢Õßπ‘«μ—π ∑”„Àâ∑√“∫«à“ ∂â“·√ß≈—æ∏å∑’Ë°√–∑”μàÕ«—μ∂ÿ¡’§à“‡ªìπ»Ÿπ¬å «—μ∂ÿ®–§ß

 ¿“æÕ¬àŸπ‘ËßÀ√◊Õ ¿“æ°“√‡§≈◊ËÕπ∑’Ë¥â«¬§«“¡‡√Á«§ßμ—« ÷́Ëß‡√’¬°«à“ «—μ∂ÿ‰¡à‡ª≈’Ë¬π ¿“æ°“√‡§≈◊ËÕπ∑’ËÀ√◊Õ„π ¿“æ

‡™àππ’È‡√“‡√’¬°«à“«—μ∂ÿÕ¬àŸ„π ¿“æ  ¡¥ÿ≈°≈ À√◊Õ‡√’¬° —ÈπÊ «à“  ¡¥ÿ≈ ( equilibrium)  ÷́Ëß “¡“√∂®”·π°‰¥â

2 ≈—°…≥– §◊Õ

1.  ¡¥ÿ≈ ∂‘μ (static equilibrium) ‡ªìπ ¡¥ÿ≈¢Õß«—μ∂ÿ∑’ËÕ¬àŸπ‘Ëß ‡™àπ «—μ∂ÿ«“ßÕ¬àŸπ‘ËßÊ ∫πæ◊Èπ ‡ “‰øøÑ“

ªÑ“¬‚¶…≥“ ∑’Ëμ‘¥μ—Èß„Àâ§ß ¿“æÕ¬àŸπ‘Ëß‚¥¬‰¡à≈â¡ À√◊Õ æ—ß≈ß¡“ ‡ªìπμâπ

2.  ¡¥ÿ≈®≈πå (dynamic equilibrium) ‡ªìπ ¡¥ÿ≈¢Õß«—μ∂ÿ∑’Ë‡§≈◊ËÕπ∑’Ë¥â«¬§«“¡‡√Á«§ßμ—« ‡™àπ «—μ∂ÿ‰∂≈

‰ªμ“¡æ◊Èπ¥â«¬§«“¡‡√Á«§ßμ—« √∂¬πμå·≈àπ‰ªμ“¡∂ππμ√ß¥â«¬§«“¡‡√Á«§ßμ—« ≈‘øμå‡§≈◊ËÕπ∑’Ë¢÷ÈπÀ√◊Õ≈ß¥â«¬§«“¡‡√Á«§ßμ—«

‡ªìπμâπ πÕ°®“°π’È¬—ß√«¡∂÷ß ¡¥ÿ≈¢Õß«—μ∂ÿ∑’Ë‡§≈◊ËÕπ∑’Ë‚¥¬‰¡à‡ª≈’Ë¬π ¿“æ°“√À¡ÿπ¥â«¬ ‡™àπ ≈âÕ √Õ° °«â“π∑’ËÀ¡ÿπ√Õ∫

·°π ÷́Ëß«“ßμ—«„π·π«‡¥‘¡¥â«¬Õ—μ√“°“√À¡ÿπ§ßμ—«  ¡¥ÿ≈∑’Ë‰¡à‡ª≈’Ë¬π ¿“æ°“√À¡ÿππ’È‡ªìπ ¡¥ÿ≈∑’Ë‡°’Ë¬«¢âÕß°—∫°“√À¡ÿπ

¢Õß«—μ∂ÿ‰¡à “¡“√∂Õ∏‘∫“¬‰¥â¥â«¬°Æ°“√‡§≈◊ËÕπ∑’Ë¢Õßπ‘«μ—π‡æ’¬ßÕ¬à“ß‡¥’¬« μâÕß„™â§«“¡√âŸ∑’Ë¡’√“¬≈–‡Õ’¬¥¡“°°«à“„π™—Èππ’È

√Ÿª 4.2 «—μ∂ÿÕ¬Ÿà„π ¡¥ÿ≈®≈πå

 ¡¥ÿ≈°≈∫∑∑’Ë 4

√Ÿª 4.1 «—μ∂ÿÕ¬Ÿà„π ¡¥ÿ≈ ∂‘μ
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„π°“√æ‘®“√≥“°“√∑’Ë«—μ∂ÿ§ß ¿“æ°“√‡§≈◊ËÕπ∑’Ë‡¥‘¡Õ“®·¬°‰¥â 2 ≈—°…≥– §◊Õ

(1) «—μ∂ÿÕ¬àŸπ‘Ëß À√◊Õ‡§≈◊ËÕπ∑’Ë¥â«¬§«“¡‡√Á«§ßμ—« ‡√“‡√’¬° ¿“æ¢Õß«—μ∂ÿ¢≥–π’È«à“ ¡¥ÿ≈μàÕ°“√‡≈◊ËÕπ∑’Ë

(translational equilibrium) ®–‡°‘¥‰¥â‡¡◊ËÕ ·√ß≈—æ∏å∑’Ë¡“°√–∑”μàÕ«—μ∂ÿ¡’§à“‡ªìπ»Ÿπ¬å ¥—ßπ—Èπ«—μ∂ÿ®–Õ¬Ÿà„π ¿“æ ¡¥ÿ≈

μàÕ°“√‡≈◊ËÕπ∑’Ë‰¥â‡¡◊ËÕ

ΣF
i

  =  0 ......(4.1)

‚¥¬ Fi  ·∑π·√ßμà“ßÊ ∑’Ë°√–∑”μàÕ«—μ∂ÿ (i = 1, 2, 3, ...., n)

(2) «—μ∂ÿ‰¡àÀ¡ÿπ À√◊ÕÀ¡ÿπ¥â«¬§«“¡‡√Á«‡™‘ß¡ÿ¡§ßμ—« ‡√“‡√’¬° ¿“æ«—μ∂ÿ¢≥–π’È«à“  ¡¥ÿ≈μàÕ°“√À¡ÿπ

(rotational equilibrium) ®–‡°‘¥‰¥â‡¡◊ËÕ∑Õ√å°À√◊Õ‚¡‡¡πμå¢Õß·√ß∑’Ë°√–∑”μàÕ«—μ∂ÿ¡’§à“‡ªìπ»Ÿπ¬å¥—ßπ—Èπ«—μ∂ÿ®–Õ¬Ÿà„π

 ¿“æ ¡¥ÿ≈μàÕ°“√À¡ÿπ‰¥â‡¡◊ËÕ

Στ
i

  =  0 À√◊Õ ΣM
i
  =  0 ......(4.2)

‚¥¬ τi  ·∑π∑Õ√å°μà“ßÊ ∑’Ë°√–∑”μàÕ«—μ∂ÿ (i = 1, 2, 3, ...., n)

‚¥¬ Mi  ·∑π‚¡‡¡πμå¢Õß·√ßμà“ßÊ ∑’Ë°√–∑”μàÕ«—μ∂ÿ (i = 1, 2, 3, ...., n)

4.2  ¡¥ÿ≈μàÕ°“√‡≈◊ËÕπ∑’Ë

®“°§«“¡À¡“¬¢Õß ¡¥ÿ≈μàÕ°“√‡≈◊ËÕπ∑’Ë §◊Õ ¿“æ°“√‡§≈◊ËÕπ∑’Ë¢Õß«—μ∂ÿμ“¡°Æ°“√‡§≈◊ËÕπ∑’Ë¢âÕ∑’Ë 1 ¢Õß

π‘«μ—π ‡¡◊ËÕæ‘®“√≥“·√ß≈—æ∏å∑’Ë¡“°√–∑”μàÕ«—μ∂ÿμâÕß¡’§à“‡ªìπ»Ÿπ¬å ¥—ßπ—Èπ„π°“√æ‘®“√≥“§«“¡ —¡æ—π∏å¢Õß·√ß∑’Ë°√–∑”

μàÕ«—μ∂ÿÕ“®·¬°‰¥â¥—ßπ’È

4.2.1 ‡ß◊ËÕπ‰¢¢Õß°“√ ¡¥ÿ≈¢Õß·√ß Õß·√ß

‡¡◊ËÕ¡’·√ß°√–∑”μàÕ«—μ∂ÿ 2 ·√ß·≈â««—μ∂ÿ ¡¥ÿ≈μàÕ°“√‡§≈◊ËÕπ∑’Ë (Õ¬àŸπ‘ËßÀ√◊Õ‡§≈◊ËÕπ∑’Ë¥â«¬ §«“¡‡√Á«§ßμ—«)

¥—ß√Ÿª 4.3

n

i=1

n

i=1

n

i=1
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_
2

 √Ÿª 4.3 · ¥ß ¡¥ÿ≈‡π◊ËÕß®“°·√ß Õß·√ß

®“°√Ÿª 4.3 ‰¥â«à“·√ß∑—Èß ÕßμâÕß¡’§«“¡ —¡æ—π∏å°—π¥—ßπ’È

1. ·√ß∑—Èß ÕßμâÕß¡’¢π“¥‡∑à“°—π ®“°√Ÿª (°) F1 = F2 √Ÿª (¢) T = mg ·≈–√Ÿª (§) F = mg sinθ

2. ·√ß∑—Èß ÕßμâÕß¡’∑‘»∑“ßμ√ß¢â“¡°—π ·≈–Õ¬àŸ„π·π«‡ âπμ√ß‡¥’¬«°—π

3. ·√ß≈—æ∏å (ΣF) ¢Õß·√ß∑—Èß Õß‡∑à“°—∫»Ÿπ¬å

1. ®“°√Ÿª«—μ∂ÿ A ¡’¡«≈ 10 °‘‚≈°√—¡ «“ßÕ¬àŸ∫πæ◊Èπ‡Õ’¬ß

≈◊ËàπÕ¬“°∑√“∫«à“¡«≈ B ®–¡’§à“‡∑à“‰√ ¡«≈ A ®÷ßÕ¬àŸ

π‘Ëß‰¥â

«‘‡§√“–Àå‚®∑¬å 1. ¡«≈ A Õ¬àŸπ‘Ëß ¡«≈ B °ÁÕ¬àŸπ‘Ëß¥â«¬· ¥ß«à“√–∫∫ ¡¥ÿ≈

2. ‡¢’¬π√Ÿª„ à·√ß∑’Ë°√–∑”μàÕ¡«≈·μà≈–°âÕπ

®“° ΣF = 0

(A) ; mAg sin 30 Ì = T ...❶

(B) ; mBg = T ...❷

❷ = ❶ ; mBg = mAg sin 30 Ì

∴ m
B

= 10 × 1 = 5 kg

¥—ßπ—Èπ¡«≈ B ¡’§à“ 5 °‘‚≈°√—¡

2. «—μ∂ÿ A ¡’¡«≈ 10 °‘‚≈°√—¡ «“ßÕ¬àŸ∫πæ◊Èπ√“∫∑’Ë¡’§à“

 —¡ª√– ‘∑∏‘Ï¢Õß§«“¡‡ ’¬¥∑“π ∂‘μ 0.2 ®ßÀ“ ¡«≈

¢Õß B ∑’Ë¡“°∑’Ë ÿ¥∑’Ë¬—ß∑”„Àâ A Õ¬àŸπ‘Ëß‰¥â
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«‘‡§√“–Àå‚®∑¬å °“√·°âªí≠À“‡À¡◊Õπ¢âÕ 1

®“° ΣF = 0

(A) ; fA = T ...❶

(B) ;  mBg = T ...❷

❷ = ❶ ;  mBg = fA = μmAg

∴ m
B

= 0.2 × 10 = 2 kg

¥—ßπ—Èπ¡«≈¢Õß B ∑’Ë¡“°∑’Ë ÿ¥‡∑à“°—∫ 2 °‘‚≈°√—¡

3. ®“°√Ÿª ∂â“√Õ°‰¡à¡’§«“¡Ωó¥ W
1
 = 500 π‘«μ—π ®ßÀ“§à“ W

2
 ∑’Ë∑”„Àâ W

1
 ·≈– W

2
 Õ¬àŸ„π¿“«– ¡¥ÿ≈‰¥â

‡¡◊ËÕº‘«∑ÿ°º‘«‡°≈’È¬ß

«‘‡§√“–Àå‚®∑¬å °“√·°âªí≠À“‡À¡◊Õπ¢âÕ 1

®“° ΣF = 0

(W1) ; W1 sin 30 Ì = T ...❶

(W2) ; W2  = T ...❷

❷ = ❶ ; W2 = W1 sin 30 Ì

∴ W
2

= 500 × 1 = 250 N

(¢) ¥—ßπ—Èπ W
2
 ¡’§à“‡∑à“°—∫ 250 π‘«μ—π

®“° ΣF  = 0

(W1) ; W1 sin 37 Ì =  T ...❶

(W2) ; W2 sin 53 Ì =  T ...❷

❷ = ❶ ; W2 sin 53 Ì = W1 sin 37 Ì

  W2 ×
 4 = 500 × 3

∴ W
2

= 375 N

¥—ßπ—Èπ W
2
 ¡’§à“‡∑à“°—∫ 375 π‘«μ—π

_
2

_
5

_
5
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(§) ®“° ΣF = O

(W1) ; W1 sin 30 Ì = T ...❶

(W2) ; W2 = 2T ...❷

·∑π ❶  „π ❷ W2 = 2W1 sin 30 Ì

= 2 × 500 × 1

∴ W
2

= 500 N

¥—ßπ—Èπ W
2
 ¡’§à“‡∑à“°—∫ 500 π‘«μ—π

4. ™“¬§πÀπ÷ËßÀπ—° 600 π‘«μ—π π—Ëß„π°√–‡™â“Àπ—° 150 π‘«μ—π¥—ß√Ÿª ‡¢“μâÕßÕÕ°·√ß¥÷ß‡™◊Õ°‡∑à“„¥ ‡æ◊ËÕ

„Àâ°√–‡™â“‡§≈◊ËÕπ∑’Ë¢÷Èπ¥â«¬§«“¡‡√Á«§ß∑’Ë 0.5 ‡¡μ√/«‘π“∑’

«‘‡§√“–Àå‚®∑¬å √–∫∫ ¡¥ÿ≈ „ à·√ß°√–∑”μàÕ§π·≈–°√–‡™â“

®“° ΣF = 0

3T = 150 + 600

∴ T = 250 N

¥—ßπ—Èπ‡¢“μâÕßÕÕ°·√ß¥÷ß‡™◊Õ° 250 π‘«μ—π

5. √–∫∫√Õ°ª√–°Õ∫¥â«¬√Õ°À≈“¬μ—« ∂◊Õ«à“√Õ°∑ÿ°μ—«‡∫“·≈–‡°≈’È¬ß ∂â“ W
1
 ¡’§à“ 1,000 π‘«μ—π ®ßÀ“ W

2

∑’Ë∑”„Àâ√–∫∫ ¡¥ÿ≈

«‘‡§√“–Àå‚®∑¬å „ à·√ßμ÷ß‡™◊Õ°∑ÿ°‡ âπ ·≈â«„ à·√ß°√–∑”μàÕ W1 ·≈– W2 ÷́ËßÕ¬àŸ„π ¿“æ ¡¥ÿ≈

®“° ΣF = 0

(W1) ; 4T = W1 = 1,000

T = 250 N

_
2
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(W2) ; W2 = T

∴ W
2

= 250 N

¥—ßπ—Èπ W
2
 ¡’§à“ 250 π‘«μ—π

4.2.2 ‡ß◊ËÕπ‰¢¢Õß°“√ ¡¥ÿ≈¢Õß·√ß “¡·√ß

‡¡◊ËÕ¡’·√ß°√–∑”μàÕ«—μ∂ÿ 3 ·√ß ·≈â««—μ∂ÿ ¡¥ÿ≈μàÕ°“√‡≈◊ËÕπ∑’Ë (Õ¬àŸπ‘ËßÀ√◊Õ‡§≈◊ËÕπ∑’Ë¥â«¬§«“¡‡√Á«§ßμ—«)

¥—ß√Ÿª 4.4

√Ÿª 4.4 · ¥ß ¡¥ÿ≈‡π◊ËÕß®“°·√ß “¡·√ß

®“°√Ÿª 4.4 ‰¥â«à“·√ß∑—Èß “¡μâÕß¡’§«“¡ —¡æ—π∏å°—π¥—ßπ’È

1. ·√ß∑—Èß “¡μâÕßæ∫°—π∑’Ë®ÿ¥Ê Àπ÷Ëß‡∑à“π—Èπ À√◊Õ·√ß∑—Èß “¡μâÕß‡ªìπ·√ß¢π“π°—πÀ¡¥

2. ·√ß∑—Èß “¡μâÕßÕ¬àŸ„π√–π“∫‡¥’¬«°—π‡∑à“π—Èπ

3. º≈√«¡¢Õß·√ß§àŸ„¥§àŸÀπ÷ËßμâÕß¡’¢π“¥‡∑à“°—∫·√ß∑’Ë “¡ ·μà¡’∑‘»∑“ßμ√ß¢â“¡°—π

4. ∂â“‡¢’¬πº≈√«¡¢Õß·√ß∑—Èß “¡®–‰¥â«à“

F
1
 + F

2
 + F

3
= 0

À√◊Õ F
1
 + F

2
= -F

3
(®√‘ßμ“¡¢âÕ 3)

À¡“¬‡Àμÿ ∂â“¡’·√ß¬àÕ¬¡“°°«à“ 3 ·√ß°√–∑”μàÕ«—μ∂ÿ·≈â««—μ∂ÿ ¡¥ÿ≈μàÕ°“√‡≈◊ËÕπ∑’Ëæ∫«à“

1. ·√ß‡À≈à“π—Èπ‰¡à®”‡ªìπμâÕßæ∫°—π∑’Ë®ÿ¥Ê ‡¥’¬«°—π ‡™àπ

2. ·√ß‡À≈à“π—Èπ‰¡à®”‡ªìπμâÕßÕ¬àŸ„π√–π“∫‡¥’¬«°—π‡∑à“π—Èπ ‡™àπ

®“°√Ÿª ®ÿ¥ A Õ¬àŸπ‘Ëß ‡¡◊ËÕ¡’·√ß F1, F2, F3, F4 °√–∑”

‚¥¬·√ß∑—Èß 4 ‰¡à‰¥âÕ¬àŸ„π√–π“∫‡¥’¬«°—π‡≈¬
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3. ‡¡◊ËÕ‡¢’¬π ¡°“√º≈√«¡¢Õß·√ß∑—Èß 4 ®–‰¥â«à“

F1 + F2 + F3 + F4 = 0 ·≈–∂â“¡’·√ß N ·√ß°√–∑”·≈â««—μ∂ÿ ¡¥ÿ≈μàÕ°“√‡≈◊ËÕπ∑’Ë Õ“®‡¢’¬π‰¥â«à“

F
1
 + F

2
 + F

3
 + ... + F

N
= 0

À√◊Õ‡¢’¬π¬àÕÊ «à“

 Σ   F
i

= 0

´÷ËßÕà“π«à“ ´‘°¡“√å Fi = 0 ‡¡◊ËÕ i = 1 ∂÷ß N

‡¡◊ËÕ«—μ∂ÿÕ¬àŸ„π ¿“æ ¡¥ÿ≈μàÕ°“√‡≈◊ËÕπ∑’Ëæ∫«à“ ΣF = 0 ·≈–¬—ßæ∫Õ’°«à“‰¡à«à“®–À“º≈√«¡¢Õß·√ß¬àÕ¬„π

∑‘»∑“ß„¥Ê °Á®–¡’·√ß≈—æ∏å„π·π«π—ÈπÊ ‡∑à“°—∫»Ÿπ¬å¥â«¬

®“°√Ÿª 4.5 ‡¡◊ËÕ·√ß F1, F2, F3 ·≈– F4 °√–∑”μàÕ«—μ∂ÿ

·≈àâ««—μ∂ÿ ¡¥ÿ≈ · ¥ß«à“ F1 + F2 + F3 + F4 = 0 ‡¡◊ËÕ

·μ°·√ß‡À≈à“π—Èπ„ÀâÕ¬àŸ∫π·°π x, y æ∫«à“ ΣFx (·√ß

≈—æ∏å¢Õß·°π x) ·≈– ΣFy (·√ß≈—æ∏å¢Õß·°π y) μâÕß¡’

§à“‡∑à“°—∫»Ÿπ¬å ‡æ√“–«à“∂â“ ΣFx ·≈– ΣFy ‰¡à‡∑à“°—∫»Ÿπ¬å

‡¡◊ËÕ √«¡ ΣFx ·≈– ΣFy ‡¢â“¥â«¬°—π ®–‰¥â·√ß≈—æ∏å (ΣF) ‰¡à

‡∑à“°—∫»Ÿπ¬ǻ ÷Ëß·¬âß°—∫μÕπμâπ ¥—ßπ—ÈπÕ“®‡¢’¬π‰¥â«à“‡¡◊ËÕ«—μ∂ÿ

 ¡¥ÿ≈μàÕ°“√‡≈◊ËÕπ∑’Ë

1. ΣF
x

= 0 ®–‰¥â«à“

º≈√«¡¢Õß·√ß∑“ß¢«“ = º≈√«¡¢Õß·√ß∑“ß´â“¬

2. ΣF
y

= 0 ®–‰¥â«à“

º≈√«¡¢Õß·√ßæàÿß¢÷Èπ = º≈√«¡¢Õß·√ßæàÿß≈ß

À¡“¬‡Àμÿ

„π°“√·°âªí≠À“ ¡¥ÿ≈μàÕ°“√‡≈◊ËÕπ∑’Ë Õ“®„™â·°πμ—Èß©“° 2 ·°π„π·π«Õ◊ËπÊ °Á‰¥âº≈‡À¡◊Õπ°—π‰¡à®”‡ªìπ

μâÕß‡ªìπ·°π x, y ‡ ¡Õ‰ª

®“°√Ÿª¢â“ßμâπ ®–‰¥â§«“¡ —¡æ—π∏å¢Õß·√ß‡¡◊ËÕ«—μ∂ÿÕ¬àŸ„π ¿“æ ¡¥ÿ≈μàÕ°“√‡≈◊ËÕπ∑’Ë«à“

1. ΣFx = 0 ‰¥â«à“ F1 cosθ + F4 sinγ = F2 sinβ + F3 cosα

2. ΣFy = 0 ‰¥â«à“ F1 sinθ + F2 cosβ = F3 sinα + F4 cosγ

´÷Ëß®“°§«“¡√âŸ‡√◊ËÕß ¡¥ÿ≈μàÕ°“√‡≈◊ËÕπ∑’Ë ‡√“Õ“®π”‰ª„™â·°âªí≠À“‚®∑¬åÀ“·√ß∑’Ë‰¡à∑√“∫§à“‰¥â¥—ß®–‰¥â æ∫

®“°‚®∑¬åμ—«Õ¬à“ßμàÕ‰ª

                        §«“¡√âŸ∑’ËμâÕßπ”¡“„™â

1. °“√·¬°‡«°‡μÕ√å
2. °“√À“‡«°‡μÕ√å≈—æ∏å ‚¥¬«‘∏’§”π«≥

N

i=1

√Ÿª 4.5 · ¥ß ¡¥ÿ≈‡π◊ËÕß®“°·√ß ’Ë·√ß

➤➤

➤ ➤

➤
➤

➤
➤

F2 cosβ
F1 sinθ

F1 cosθ

F4 sinγ

F4 cosγ
F3 sinα

F2 sinβ

F3 cosα
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6. «—μ∂ÿ¡’¡«≈ 10 °‘‚≈°√—¡ ·¢«π¥â«¬‡™◊Õ°μ‘¥°—∫‡æ¥“π ‡¡◊ËÕÕÕ°·√ß¥÷ß«—μ∂ÿ¡’∑‘»¢π“π°—∫·π«√–¥—∫®π

∑”„Àâ‡™◊Õ°‡Õ’¬ß∑”¡ÿ¡ 37 Ì °—∫·π«¥‘Ëß ®ßÀ“

°. §«“¡μ÷ß„π‡ âπ‡™◊Õ° ¢. ·√ß∑’Ë„™â¥÷ß«—μ∂ÿ

§. ∂â“‡™◊Õ°∑π·√ßμ÷ß‰¥â¡“°∑’Ë ÿ¥ 200 π‘«μ—π ®–ÕÕ°·√ß¥÷ßμ“¡·π«√–¥—∫®π‡™◊Õ°∑”¡ÿ¡‡∑à“‰√ ‡™◊Õ°

®÷ßæÕ¥’®–¢“¥

«‘‡§√“–Àå‚®∑¬å 1. ‡¢’¬π√Ÿª ·≈â«„ à·√ß°√–∑”μàÕ«—μ∂ÿ

2. ·μ°·√ß „ÀâÕ¬àŸ∫π·°πμ—Èß©“° 2 ·°π

3. À“§«“¡ —¡æ—π∏å¢Õß·√ß∫π·°π·μà≈–·°π®“° ΣF = 0

(°) ·≈– (¢)

®“° ΣF = 0

(·π«¥‘Ëß) T cos 37 Ì= mg

T × 4 = 100

∴ T = 125 N

(·π«√–¥—∫) F = T sin 37 Ì

= 125 × 3

∴ F = 75 N

¥—ßπ—Èπ §«“¡μ÷ß„π‡ âπ‡™◊Õ°‡∑à“°—∫ 125 π‘«μ—π ·√ß∑’Ë„™â¥÷ß«—μ∂ÿ ‡∑à“°—∫ 75 π‘«μ—π

(§) °“√·°âªí≠À“‡À¡◊Õπ¢âÕ ° ·≈– ¢ ‡¡◊ËÕ T = 200 N

®“° ΣF = 0

(·π«¥‘Ëß) T cosθ = mg

200 cosθ = 100

cosθ = 1

∴ θ = 60 Ì

¥—ßπ—Èπ ‡™◊Õ°®–æÕ¥’¢“¥‡¡◊ËÕ‡™◊Õ°∑”¡ÿ¡ 60 Ì °—∫·π«¥‘Ëß

7. ¡«≈ 20 °‘‚≈°√—¡ ·¢«π¥â«¬‡™◊Õ° 2 ‡ âπ ∑”¡ÿ¡°—∫‡æ¥“π¥—ß√Ÿª¢â“ß≈à“ß ®ßÀ“·√ßμ÷ß‡™◊Õ°¢Õß T
1
, T

2

«‘‡§√“–Àå‚®∑¬å 1. „ à·√ß°√–∑”∑’Ë®ÿ¥ O

2. ·μ°·√ß„ÀâÕ¬àŸ„π·°π x ·≈–·°π y

3. À“§«“¡ —¡æ—π∏å¢Õß·√ßμà“ßÊ ®“° ΣF = O

_
5

_
5

_
2
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®“° ΣF = 0

(·π« x) T1 cos 60 Ì = T2 cos 30 Ì

T1 × 1 = T2 ×  3

∴ T1 =   3 T2 ...❶

(·π« y) T1 sin 60 Ì + T2 sin 30 Ì = 200

 3 T2 ×  3  + T2 × 1 = 200

∴ T
2

= 100 N

·∑π§à“ T2 „π ❶ ; T
1

= 100  3 = 173.2 N

¥—ßπ—Èπ·√ßμ÷ß‡™◊Õ° T
1
 ·≈– T

2
 ¡’§à“‡∑à“°—∫ 173.2 π‘«μ—π ·≈– 100 π‘«μ—π μ“¡≈”¥—∫

®“°¢âÕ 7 Õ“®¡’«‘∏’°“√·°âªí≠À“Õ’°«‘∏’Àπ÷Ëß‡π◊ËÕß®“° ¡ÿ¡√–À«à“ß T1 ·≈– T2 ‡∑à“°—∫ 90 Ì Õ“®·¬°·√ß

200 N „ÀâÕ¬àŸ„π·π« T1 ·≈– T2 ¥—ß√Ÿª

®“° ΣF = 0

‰¥â«à“ T1 = 200 sin 60 Ì

= 200 ×   3  = 100  3

T
1

= 173.2 N

·≈– T2 = 200 cos 60 Ì

= 200 × 1

T
2

= 100 N

8. π”‡™◊Õ°‡∫“¡“ 3 ‡ âπºŸ°‡¢â“¥â«¬°—π¥—ß√Ÿª ®ßÀ“·√ßμ÷ß¢Õß‡™◊Õ°„π·μà≈–‡ âπ

«‘‡§√“–Àå‚®∑¬å °“√·°âªí≠À“‡À¡◊Õπ¢âÕ 7 ‡π◊ËÕß®“° ΔABC ¡’ C ‡ªìπ¡ÿ¡©“° ¥—ßπ—Èπ ®÷ß„™â«‘∏’°“√·μ°·√ß T3
(60 N) „ÀâÕ¬àŸ„π·π«‡¥’¬«°—∫ T1, T2

®“° ΣF = 0

‰¥â«à“ T1 = 60 cosθ

T
1

= 60 × 4 = 48 N

·≈– T2 = 60 sinθ

T
2

= 60 × 3 = 36 N

¥—ßπ—Èπ ·√ßμ÷ß¢Õß‡™◊Õ°„π·μà≈–‡ âπ‡∑à“°—∫ 48 π‘«μ—π, 36 π‘«μ—π ·≈– 60 π‘«μ—π μ“¡≈”¥—∫

___
2

_
2

_
2

___
2

___
2

_
2

_
5

_
5
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4.2.3 ∑ƒ…Æ’¢Õß≈“√å¡’ (Lami Theorem)

‡¡◊ËÕ¡’·√ß “¡·√ß¡“°√–∑”√à«¡°—π∑’Ë®ÿ¥Ê Àπ÷Ëß ·≈–Õ¬àŸ„π ¿“æ ¡¥ÿ≈¥—ß√Ÿª 4.6 ®–‰¥â«à“ Õ—μ√“ à«π

¢Õß·√ßμàÕ sine ¢Õß¡ÿ¡μ√ß¢â“¡¢Õß·√ß¬àÕ¡¡’§à“‡∑à“°—π

®“°√Ÿª 4.6 ·√ß P, Q, R Õ¬àŸ„π ¿“æ ¡¥ÿ≈ ®“°∑ƒ…Æ’¢Õß

≈“√å¡’ ®–‰¥â«à“

   P =  Q =    R

√Ÿª 4.6 · ¥ß§«“¡ —¡æ—π∏å¢Õß·√ßμ“¡∑ƒ…Æ’≈“√å¡’

9. ®“°¢âÕ 7 „Àâ„™â∑ƒ…Æ’¢Õß≈“√å¡’À“ T
1
 ·≈– T

2

«‘‡§√“–Àå‚®∑¬å ‡¢’¬π√Ÿª ·≈â«„ à¡ÿ¡√–À«à“ß·√ß∑—Èß “¡

®“°∑ƒ…Æ’¢Õß≈“√å¡’

  
 T1 =    

T2       =      200

‰¥â«à“ T1 = 200 sin120 Ì

=
200 ×  

3
=  100  3 N

∴ T
1

= 173.2 N

·≈– T2 = 200 sin150 Ì

=
200 × 

1

∴ T
2

= 100 N

¥—ßπ—Èπ ¢π“¥¢Õß T
1
 ·≈– T

2
 ‚¥¬«‘∏’°“√·¬°·√ß·≈–∑ƒ…Æ’¢Õß≈“√å¡’ „Àâ§”μÕ∫‡À¡◊Õπ°—π

∫∑·∑√°¢Õß∑ƒ…Æ’¢Õß≈“√å¡’

°≈à“««à“ ç‡¡◊ËÕ¡’·√ß “¡·√ß¡“°√–∑”√à«¡°—π∑’Ë«—μ∂ÿÀπ÷Ëß ·≈â«∑”„Àâ«—μ∂ÿÕ¬àŸ„π ¿“æ ¡¥ÿ≈√Ÿª “¡‡À≈’Ë¬¡„¥°Á

μ“¡∑’Ë¡’¥â“π∑—Èß “¡μ—Èß©“°°—∫·π«¢Õß·√ß∑—Èß “¡π—Èπμ“¡≈”¥—∫·≈â«¥â“π∑—Èß “¡¢Õß√Ÿª “¡‡À≈’Ë¬¡π—Èπ ¬àÕ¡‡ªìπ —¥ à«π

‚¥¬μ√ß°—∫·√ß´÷Ëß¡’·π«μ—Èß©“°°—∫¥â“ππ—Èπμ“¡≈”¥—∫é

®“°√Ÿª‰¥â«à“

P = Q = R

√Ÿª 4.7√Ÿª 4.7√Ÿª 4.7√Ÿª 4.7√Ÿª 4.7 · ¥ß§«“¡ —¡æ—π∏å¢Õß·√ß μ“¡∫∑·∑√°¢Õß∑ƒ…Æ’¢Õß≈“√å¡’

_____
sin θ

_____________
1

_____________
sin 90 Ì

_____________
1

_____________
sin 90 Ì

___
AB

___
BC

___
CA

_____________
sin 120 Ì

_____________
sin 150 Ì

_____________
sin 90 Ì

____
2

_
2

_____
sin β

_____
sin α
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10. ®“°√Ÿª¡«≈ 10 °‘‚≈°√—¡ ·¢«π¥â«¬‡™◊Õ° 2 ‡ âπ ¬“« 1.5 ‡¡μ√ ·≈– 2 ‡¡μ√ ®ÿ¥·¢«π‡™◊Õ°Àà“ß°—π 2.5 ‡¡μ√

®ßÀ“§«“¡μ÷ß‡™◊Õ°·μà≈–‡ âπ

«‘‡§√“–Àå‚®∑¬å ®“°√Ÿª∑’Ë°”Àπ¥„Àâ “¡“√∂„™â∫∑·∑√°¢Õß∑ƒ…Æ’¢Õß≈“√å¡’‰¥â

®“°
T1 =

T2 = 100

‰¥â«à“ T1 = 100 × BC

= 100 × 2

∴ T
1

= 80 N

·≈– T2 = 100 × AC

= 100 × 1.5

∴ T
2

= 60 N

¥—ßπ—Èπ T
1
 ·≈– T

2
 ¡’§à“‡∑à“°—∫ 80 π‘«μ—π ·≈– 60 π‘«μ—π μ“¡≈”¥—∫

(‡æ◊ËÕ§«“¡¡—Ëπ„®Õ“®„™â«‘∏’°“√·¬°‡«°‡μÕ√å μ√«® Õ∫§à“ T1 ·≈– T2 °Á‰¥â)

4.2.4 ∑ƒ…Æ’ “¡‡À≈’Ë¬¡·∑π·√ß

°≈à“««à“ ç∂â“¡’·√ß “¡·√ß°√–∑”√à«¡°—π∑’Ë®ÿ¥Ê Àπ÷Ëß ·≈–·√ß∑—Èß “¡Õ¬àŸ„π¿“«– ¡¥ÿ≈¢π“¥·≈–∑‘»∑“ß¢Õß

·√ß∑—Èß “¡ “¡“√∂·∑π‰¥â‚¥¬¥â“π∑—Èß “¡¢Õß “¡‡À≈’Ë¬¡√ŸªÀπ÷Ëß¥—ß√Ÿª 4.8 „π‡¡◊ËÕ¥â“π∑—Èß “¡¢Õß√Ÿª “¡‡À≈’Ë¬¡π—Èπ

¢π“π°—∫·π«·√ß∑—Èß “¡μ“¡≈”¥—∫

√Ÿª 4.8 · ¥ß§«“¡ —¡æ—π∏å¢Õß·√ß°—∫ “¡‡À≈’Ë¬¡·∑π·√ß

‡¡◊ËÕ AB//P, BC//Q ·≈– CA//R ®–‰¥â«à“

   
P    =   Q  =   R

___
BC

___
AC

___
AB

___________
AB

________
2.5

_________
AB

________
2.5

___

AB
___

BC

___

CA

C



12  � øî ‘° å ¡. 4 ‡æ‘Ë¡‡μ‘¡ ‡≈à¡ 2

11. §“π AB ¬“« 0.5 ‡¡μ√ ‡ ’¬∫Õ¬àŸ°—∫´Õ°°”·æß∑’Ë®ÿ¥ A ∑’Ëª≈“¬ B ¡’‡™◊Õ° BC ºŸ°μ‘¥°—∫°”·æß∑’Ë®ÿ¥ C ‚¥¬

BC ¬“« 0.25 ‡¡μ√ ·≈– AC ¬“« 0.5 ‡¡μ√ π”°âÕππÈ”Àπ—° 4 °‘‚≈°√—¡ºŸ°μ‘¥∑’Ëª≈“¬ B ¥—ß√Ÿª ®ßÀ“·√ß

μ÷ß‡™◊Õ° BC

«‘‡§√“–Àå‚®∑¬å 1. „ à·√ß°√–∑”μàÕ§“π∑’Ë®ÿ¥ B

2. „™â∑ƒ…Æ’ “¡‡À≈’Ë¬¡·∑π·√ß‡æ◊ËÕÀ“ T (T//BC, 40//AC, NB//AB)

®“°∑ƒ…Æ’ “¡‡À≈’Ë¬¡·∑π·√ß

T = 40

T = 40 × 0.25

∴ T = 20 N

¥—ßπ—Èπ ·√ßμ÷ß‡™◊Õ° BC ‡∑à“°—∫ 20 π‘«μ—π

12. ¡«≈ 6 °‘‚≈°√—¡ ·¢«π¥â«¬‡™◊Õ°  2 ‡ âπ∑”¡ÿ¡°—∫‡æ¥“π¥—ß√Ÿª ®ßÀ“Õ—μ√“ à«π¢Õß¢π“¥·√ßμ÷ß„π‡™◊Õ°

(°) μàÕ·√ßμ÷ß„π‡™◊Õ° (¢)

«‘‡§√“–Àå‚®∑¬å ®“°‚®∑¬å¢âÕπ’È ‡π◊ËÕß®“°T° μ—Èß©“°°—∫ T¢ §«√·¬°·√ß 60 N ÕÕ°‡ªìπ 2 ·√ß¬àÕ¬

„ÀâÕ¬àŸ„π·π« T° ·≈– T¢
®“° ΣF  = 0

‰¥â«à“ T° = 60 sin 30 Ì ...❶

·≈– T¢ = 60 cos 30 Ì ...❷

❶  ÷ ❷;
T° = tan 30 Ì

= 1

¥—ßπ—Èπ Õ—μ√“ à«π¢Õß T
°
 μàÕ T

¢
 ‡∑à“°—∫   1

___
BC

___
AC

___
3

___

3

__________
0.5

___
T¢
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®“°‚®∑¬å¢âÕ 12 π’È ‡π◊ËÕß®“° ΔABC ‡ªìπ Δ ¡ÿ¡©“° Õ“®„™â∫∑·∑√°¢Õß∑ƒ…Æ’¢Õß≈“√å¡’‰¥â

®“°
T° =

T¢

T° = BC = tan 30 Ì

∴
T° = 1

13. §“π ¡Ë”‡ ¡Õ¬“« L = 1.2 ‡¡μ√ ¡’¡«≈ 16 °‘‚≈°√—¡

·¢«π‰«â¥â«¬‡™◊Õ°‡∫“¬“« l = 1 ‡¡μ√ ∑’Ëª≈“¬∑—Èß Õß

¥—ß√Ÿª ·√ßμ÷ß„π‡ âπ‡™◊Õ°‡ªìπ‡∑à“„¥

«‘‡§√“–Àå‚®∑¬å 1. „ à·√ß°√–∑”μàÕ§“π

2. ·¬°·√ß„ÀâÕ¬àŸ∫π·°π x, y

®“° ΣF = 0

(·π«√–¥—∫) T1 cosθ = T2 cosθ

T1 = T2 = T

(·π«¥‘Ëß) T1 sin θ + T2 sin θ = 160

  2T × 0.8 = 160

∴ T = 100 N

¥—ßπ—Èπ ·√ßμ÷ß„π‡ âπ‡™◊Õ°‡∑à“°—∫ 100 π‘«μ—π

14. °√Õ∫√ŸªÀπ—° 10 π‘«μ—π „™â‡™◊Õ°ºŸ°∑’Ë¡ÿ¡∫π¢Õß°√Õ∫√Ÿª ·≈â«·¢«πμ–ªŸμ√ß®ÿ¥°÷Ëß°≈“ß‡™◊Õ° ∂â“‡™◊Õ°

‡ âππ’È∑”¡ÿ¡ 120 Ì μàÕ°—π¥—ß√Ÿª ®ßÀ“§«“¡μ÷ß‡™◊Õ°·μà≈–‡ âπ

«‘‡§√“–Àå‚®∑¬å °“√·°âªí≠À“‡À¡◊Õπ¢âÕ 13

®“° ΣF = 0

(·π«¥‘Ëß) 2T sin 30 Ì = 10

2T × 1 = 10

∴ T = 10 N

¥—ßπ—Èπ §«“¡μ÷ß‡™◊Õ°·μà≈–‡ âπ‡∑à“°—∫ 10 π‘«μ—π

___
BC

___
AC

___
AC

___
T¢

___
T

¢

___

3

___
1

_
2
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15. «—μ∂ÿ¡«≈ 2 °‘‚≈°√—¡ ºŸ°‡™◊Õ°°—∫‡æ¥“π¥—ß√Ÿª ®ßÀ“§«“¡μ÷ß„π‡™◊Õ°∑’Ëμ‘¥°—∫‡æ¥“π

«‘‡§√“–Àå‚®∑¬å °“√·°âªí≠À“ ‡À¡◊Õπ¢âÕ 13

®“° ΣF = 0

(·π«¥‘Ëß) 2T cos 30 Ì = 20

  2T ×   3 = 20

∴ T = 11.55 N

¥—ßπ—Èπ§«“¡μ÷ß„π‡™◊Õ°‡∑à“°—∫ 11.55 π‘«μ—π

16. ®“°√Ÿª ‰ø —≠≠“≥®√“®√Àπ—° 600 π‘«μ—π ·¢«π¥â«¬≈«¥ AC ·≈– BC ®ßÀ“·√ßμ÷ß„π‡ àâπ≈«¥∑—Èß Õß

«‘‡§√“–Àå‚®∑¬å 1. „ à·√ß°√–∑”μàÕ‰ø —≠≠“≥

2. ·μ°·√ß„ÀâÕ¬àŸ„π·π«·°π x ·≈– y

®“° ΣF = 0

(·π«√–¥—∫) T1 cos 30 Ì = T2 cos 45 Ì

  T1 ×   3 = T2 ×   2

∴ T1 =   2   T2 ...❶

(·π«¥‘Ëß) T1 sin 30 Ì + T2 sin 45 Ì = 600

  T1 × 1 +  T2 ×   2 = 600

T1 +   2T2 = 1,200 ...❷

·∑π§à“ T1 ®“° ❶ „π ❷

  2  T2 +   2T2 = 1,200

T
2

= 537.95 N

___
2

___
2

___
3

___
2

___
2

_
2

___
3
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·∑π§à“ T2 „π ❶ ; T1 =  2  × 537.95

∴ T
1

= 439.23 N

¥—ßπ—Èπ·√ßμ÷ß„π‡ âπ≈«¥ AC ·≈– BC ‡∑à“°—∫ 439.23 π‘«μ—π·≈– 537.95 π‘«μ—πμ“¡≈”¥—∫

17. «—μ∂ÿÀπ—° 1000 π‘«μ—π «“ßÕ¬àŸ∫πæ◊Èπ·≈–ºŸ°¥â«¬‡™◊Õ°‡∫“¬“« 2 ‡¡μ√ ÕÕ°·√ß F „π ·π«√–¥—∫¥÷ß«—μ∂ÿ

„Àâ Ÿß®“°æ◊Èπ 0.8 ‡¡μ√ ¥—ß√Ÿª ®ßÀ“¢π“¥¢Õß·√ß F ¡’§à“°’Ëπ‘«μ—π

«‘‡§√“–Àå‚®∑¬å ‡¡◊ËÕ¡’·√ß 3 ·√ß °√–∑”μàÕ«—μ∂ÿ„ÀâÕ¬àŸ„π ¡¥ÿ≈·≈–√âŸ¥â“π AB, BC, CA ÷́Ëß¢π“π°—∫ 1,000,

F ·≈– T μ“¡≈”¥—∫ μâÕß°“√À“¢π“¥¢Õß F §«√„™â ∑ƒ…Æ’ “¡‡À≈’Ë¬¡·∑π·√ß®–ßà“¬∑’Ë ÿ¥

®“° F = 1,000

F = 1333.33 N

¥—ßπ—Èπ ·√ß F ¡’¢π“¥ 1333.33 π‘«μ—π

18. ®“°√Ÿª √–∫∫Õ¬àŸ„π ¿“æ ¡¥ÿ≈ W ®–¡’§à“‡∑à“‰√

___
1.6

____
1.2

«‘‡§√“–Àå‚®∑¬å 1. „ à·√ß°√–∑”∑’Ë®ÿ¥ B ·≈– C

2. μâÕß°“√À“ W μâÕß√âŸ·√ßμ÷ß BC °àÕπ ‚¥¬§‘¥ ¡¥ÿ≈∑’Ë B

3. §‘¥ ¡¥ÿ≈∑’Ë C ®–À“ W ‰¥â

À“ T
2
 °àÕπ (æ‘®“√≥“∑’Ë B)

®“° ΣF = 0

(·π«¥‘Ëß) T1 sin 37 Ì = 60 ...❶

(·π«√–¥—∫) T1 cos 37 Ì =  T2 ...❷

❶ ÷ ❷  ; tan 37 Ì = 60___
T2

___
3



16  � øî ‘° å ¡. 4 ‡æ‘Ë¡‡μ‘¡ ‡≈à¡ 2

∴ T2 = 60 × 4 = 80 N

À“ W (æ‘®“√≥“∑’Ë C)

®“° ΣF = 0

(·π«¥‘Ëß) W = T3 sin 53 Ì ...❸

(·π«√–¥—∫) T2 = T3 cos 53 Ì ...❹

❸ ÷ ❹  ; W = tan 53 Ì

∴ W = 80 × 4 = 106.67 N

¥—ßπ—Èπ W ¡’§à“ 106.67 π‘«μ—π (¢âÕπ’ÈÕ“®„™â≈“√å¡’ ·°âªí≠À“‰¥â)

19. ‰¡â∑àÕπÀπ÷ËßÀπ—° 30 π‘«μ—π ·¢«πÀâÕ¬¥â«¬‡™◊Õ° 2 ‡ âπ ¥—ß√Ÿª ®ßÀ“·√ßμ÷ß„π‡™◊Õ°∑—Èß Õß

«‘‡§√“–Àå‚®∑¬å 1. „ à·√ß°√–∑”μàÕ∑àÕπ‰¡â

2. ‡π◊ËÕß®“° T1 ·≈– T2 μ—Èß©“°°—π §«√·°âªí≠À“‚¥¬°“√·¬°πÈ”Àπ—° 30 N „ÀâÕ¬àŸ„π·π«

T1 ·≈– T2
®“° ΣF = 0

‰¥â«à“ T1 = 30 sin 53 Ì

∴ T
1

= 30 × 4 = 24 N

·≈– T2 = 30 cos 53 Ì

∴ T
2

= 30 × 3 = 18 N

¥—ßπ—Èπ·√ßμ÷ß„π‡™◊Õ°∑—Èß Õß‡∑à“°—∫ 24 ·≈– 18 π‘«μ—πμ“¡≈”¥—∫

20. ∂â“‡™◊Õ°∑π·√ßμ÷ß‰¥â¡“°∑’Ë ÿ¥ 120 N ®ßÀ“§à“¢ÕßπÈ”Àπ—° W ∑’Ë¡“°∑’Ë ÿ¥ ∑’Ë¬—ß∑”„Àâ‡™◊Õ°‰¡à¢“¥

«‘‡§√“–Àå‚®∑¬å 1. „ à·√ß°√–∑”∑’Ë®ÿ¥ O ·≈â«·¬°·√ß„ÀâÕ¬àŸ∫π·°π x, y

2. ∂â“ W ¡’§à“¡“°∑’Ë ÿ¥®–∑”„Àâ‡™◊Õ°‡ âπÀπ÷ËßæÕ¥’¢“¥ ´÷Ëß®–¡’·√ßμ÷ß 120 N æÕ¥’

_
3

__
T2

_
3

_
5

_
5
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æ‘®“√≥“∑’Ë®ÿ¥ O ; ®“° ΣF = 0

(·π«√–¥—∫) T1 cos 53 Ì = T2 sin 53 Ì

T1 × 3 = T2 × 4

T1 = 4  T2 ...❶

®“° ❶ T1 > T2 ∴ T1 = 120 N ·≈– T2 = 90 N

(·π«¥‘Ëß) W + T2 cos 53 Ì = T1 sin 53 Ì

W + 90 × 3 = 120 × 4

∴ W = 42 N

¥—ßπ—Èπ W ¡’§à“¡“°∑’Ë ÿ¥ 42 π‘«μ—π

21. °âÕππÈ”Àπ—° W ∂Ÿ°·¢«π¥â«¬‡™◊Õ° ´÷Ëß¬“«‡∑à“°—π 2 ‡ âπ ∂â“‡æ‘Ë¡πÈ”Àπ—° W ¢÷Èπ‰ª‡√◊ËÕ¬Ê Õ¬“°∑√“∫«à“

„π°√≥’„¥∑’Ë‡™◊Õ°®–¢“¥°àÕπ°—π

«‘‡§√“–Àå‚®∑¬å °âÕππÈ”Àπ—° W  ¡¥ÿ≈ „ à·√ß°√–∑”μàÕ°âÕππÈ”Àπ—°

®“° ΣF = 0

(·π«¥‘Ëß) 2T cosθ = W

T =   W

‰¥â«à“ cos θ ¡“° (À√◊Õ θ πâÕ¬) T ¡’§à“πâÕ¬

À√◊Õ cos θ πâÕ¬ (À√◊Õ θ ¡“°) T ¡’§à“¡“°

®“°√Ÿª θ° > θ¢ > θ§
®–‰¥â«à“ T° > T¢ > T§
¥—ßπ—Èπ ∂â“‡æ‘Ë¡ W ¢÷Èπ‰ª‡√◊ËÕ¬Ê ‡™◊Õ°„π°√≥’ (°) ®–¢“¥°àÕπ

22. ·¢«π¡«≈ 50 °‘‚≈°√—¡ ‰«â¥—ß√Ÿª ®ßÀ“Õ—μ√“ à«π¢Õß T
1
 : T

2

«‘‡§√“–Àå‚®∑¬å æ‘®“√≥“∑’Ë®ÿ¥μ—¥¢Õß‡™◊Õ° T1, T2 ·≈–‡™◊Õ°∑’Ë·¢«π¡«≈´÷Ëß ¡¥ÿ≈ ·≈–√âŸ§à“¡ÿ¡√–À«à“ß·π«

·√ß∑—Èß “¡ °“√À“Õ—μ√“ à«π T1 : T2 Õ“®„™â∑ƒ…Æ’¢Õß≈“√å¡’À√◊Õ°“√·¬°·√ß°Á‰¥â

_
5

_
3

_
5

_
5

_____________
2 cosθ

_
5
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∑ƒ…Æ’¢Õß≈“√å¡’

®“°
T1 =

T2

T1
=  2

°“√·¬°·√ß

®“° ΣF = O

T1 sin 45 Ì = T2
T1

=   2

¥—ßπ—ÈπÕ—μ√“ à«π¢Õß T
1
 : T

2 
‡∑à“°—∫   2 : 1

23. ÕÕ°·√ß 80 π‘«μ—π °¥«—μ∂ÿ¡«≈ 1 °‘‚≈°√—¡ „π∑‘»¢π“π°—∫·π«√“∫ „Àâμ‘¥Õ¬àŸ°—∫°”·æß ¥—ß√Ÿª ∂â“

 —¡ª√– ‘∑∏‘Ï¢Õß§«“¡‡ ’¬¥∑“π√–À«à“ß«—μ∂ÿ°—∫°”·æß¡’§à“ 0.2 ®ßÀ“¢π“¥¢Õß·√ß‡ ’¬¥∑“π∑’Ë°√–∑”μàÕ

«—μ∂ÿ

«‘‡§√“–Àå‚®∑¬å 1. „ à·√ß°√–∑”μàÕ¡«≈ 1 kg

2. ¡«≈Õ¬àŸμ‘¥°—∫°”·æß· ¥ß«à“ ¡¥ÿ≈

®“° ΣF = 0

(·π«¥‘Ëß) f = 10 N

¥—ßπ—Èπ·√ß‡ ’¬¥∑“π∑’Ë°√–∑”μàÕ«—μ∂ÿ ‡∑à“°—∫ 10 π‘«μ—π

¢âÕπ’È§«√√–«—ß Õ¬à“„™â Ÿμ√ f = μN ‡æ√“–„™â‰¥â‡¡◊ËÕ«—μ∂ÿ‡√‘Ë¡‡§≈◊ËÕπ∑’Ë ÷́Ëß‡ªìπ·√ß‡ ’¬¥∑“π ∂‘μ Ÿß ÿ¥®–¡’§à“

f = 0.2 × 80 = 16 N

(f = 16 N ‡ªìπ‰ª‰¡à‰¥â‡æ√“–«—μ∂ÿ®–‡§≈◊ËÕπ∑’Ë¢÷Èπ)

24. ¡«≈ 10 °‘‚≈°√—¡ «“ßÕ¬àŸ∫πæ◊Èπ∑’Ë¡’§à“ —¡ª√– ‘∑∏‘Ï¢Õß§«“¡‡ ’¬¥∑“π‡∑à“°—∫ 0.3 ®ßÀ“¢π“¥¢Õß·√ß F ∑’Ë

∑”„Àâ¡«≈π’È‡§≈◊ËÕπ∑’Ë¥â«¬§«“¡‡√Á«§ß∑’Ë

«‘‡§√“–Àå‚®∑¬å 1. ¡«≈‡§≈◊ËÕπ∑’Ë¥â«¬§«“¡‡√Á«§ß∑’Ë · ¥ß«à“ ¡¥ÿ≈

2. „ à·√ß°√–∑”μàÕ¡«≈ 10 kg ·≈â«·μ°·√ß„ÀâÕ¬àŸ„π·π« x, y

3. ¢âÕπ’È√–«—ß N ≠ mg

_____________
sin 90 Ì

_____________
sin 135 Ì

__
T

2

__
T

2
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®“° ΣF = 0

(·π«¥‘Ëß) N + F sin 30 Ì = 100

N = 100 - F ...❶

(·π«√–¥—∫) F cos 30 Ì = f = μN

F ×  3 = 0.3 (100 - F )

1.732 F = 30 - 0.3 F

F = 30 × 2

∴ F = 29.53 N

¥—ßπ—Èπ ¢π“¥¢Õß·√ß F ‡∑à“°—∫ 29.53 π‘«μ—π

25. ®“°√Ÿª ®ß§”π«≥À“

°. ¡«≈ m ®–¡’§à“¡“°∑’Ë ÿ¥‰¥â‡∑à“„¥ ‚¥¬√–∫∫¬—ß ¡¥ÿ≈‰¥â

¢. ¡ÿ¡ θ ¡’§à“‡∑à“‰√

«‘‡§√“–Àå‚®∑¬å 1. ¡«≈ m ¡“°∑’Ë ÿ¥ ∑”„Àâ¡«≈ 8 kg ‡√‘Ë¡‡§≈◊ËÕπ∑’Ë

2. „ à·√ß°√–∑”μàÕ¡«≈ m, ¡«≈ 8 kg ·≈–√Õ°

°. ®“° ΣF = 0

æ‘®“√≥“∑’Ë m T1 = mg ...❶

æ‘®“√≥“∑’Ë 8 kg T1 = f = μN

= 0.25 × 80 = 20 ...❷

❶ = ❷ ; mg = 20

∴ m = 2 kg

¥—ßπ—Èπ¡«≈ m ¡’§à“¡“°∑’Ë ÿ¥ 2 °‘‚≈°√—¡

¢. æ‘®“√≥“∑’Ë√Õ° ®“° ΣF = 0

(·π«√–¥—∫) T2 sinθ = T1 ...❸

(·π«¥‘Ëß) T2 cosθ = T1 ...❹

❸ ÷ ❹ ; tan θ = 1

∴ θ = 45 Ì

¥—ßπ—Èπ¡ÿ¡ θ ‡∑à“°—∫ 45 Ì

_
2

___
2

______
2

______
2.032

_
2

______
2
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26. ‡™◊ËÕ° ’Ë‡ âàπºŸ°ª≈“¬¢â“ßÀπ÷Ëß√«¡‡ªìπª¡‡¥’¬«°—π  “¡‡ âπ¬“«‡ âπ≈– 26 ´¡. ·≈–À“ßª≈“¬Õ’°¢â“ßÀπ÷Ëß

·¬°°—π‰ªºŸ°∑’Ë‡æ¥“π ®ÿ¥∑’ËºŸ°μ‘¥°—∫‡æ¥“πÕ¬àŸ∑’Ë¡ÿ¡¢Õß “¡‡À≈’Ë¬¡¥â“π‡∑à“ ‡ âπ∑’Ë ’Ë¡’°âÕππÈ”Àπ—° 60

π‘«μ—πºŸ°‰«â ∂â“ª¡‡™◊Õ°ÀâÕ¬μË”®“°‡æ¥“π 10 ´¡. „Àâ§”π«≥·√ßμ÷ß‡™◊Õ°·μà≈–‡ âπ

«‘‡§√“–Àå‚®∑¬å «“¥√Ÿª ·≈â«„ à·√ß°√–∑”„π‡ âπ‡™◊Õ°∑—Èß ’Ë´÷Ëß ¡¥ÿ≈

®“°√Ÿª‡™◊Õ°∑—Èß “¡‡ âπ DA, DB ·≈– DC ¡’·√ßμ÷ß‡∑à“°—π = T

®“° ΣF = 0

3T cosθ = 60

3T × 10 = 60

∴ T = 52 N

¥—ßπ—Èπ ‡™◊Õ°·μà≈–‡ âπ¡’·√ßμ÷ß 52 π‘«μ—π

27. ‡™◊Õ°‡∫“‡ âπÀπ÷Ëß¬“« 20 ´¡. ¡’ª≈“¬¢â“ßÀπ÷ËßºŸ°°—∫®ÿ¥Ê Àπ÷Ëß ∫πº‘«∑√ß°≈¡≈Ÿ°Àπ÷Ëß·≈–ª≈“¬Õ’°¢â“ß

Àπ÷ËßºŸ°‰«â°—∫®ÿ¥∫π°”·æß ́ ÷Ëßª√“»®“°§«“¡‡ ’¬¥∑“π ∂â“∑√ß°≈¡√—»¡’ 20 ́ ¡. ·≈–Àπ—° 20 π‘«μ—π ®ßÀ“

·√ßμ÷ß„π‡ âπ‡™◊Õ°·≈–·√ßªØ‘°‘‘√‘¬“∑’Ë°”·æß°√–∑”μàÕ∑√ß°≈¡

«‘‡§√“–Àå‚®∑¬å 1. ‡¢’¬π√Ÿª·≈â«„ à·√ß°√–∑”μàÕ∑√ß°≈¡ ÷́Ëß ¡¥ÿ≈

2. °“√·°âªí≠À“‡æ◊ËÕÀ“·√ß„¥Ê ∂â“‡ªìπ ¡¥ÿ≈¢Õß·√ß 3 ·√ß ‡≈◊Õ°«‘∏’∑’Ë‡À¡“– ¡

∑’Ë C ΣF = 0

(·π«¥‘Ëß) T cosθ = 20

 T × 20  3 = 20

∴ T = 40 = 23.09 N

(·π«√–¥—∫) NA = T sinθ

= 40 × 20 = 20

∴ N
A

= 11.55 N

__
26

________
40

___
3

___
3

___
3

__
40
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___
20

___
3

___
3

‚®∑¬å¢âÕπ’ÈÕ“®„™â ∑ƒ…Æ’ Δ ·∑π·√ß°Á‰¥â

®“°  T   =
NA =   20

‰¥â«à“ T = 40 = 23.09 N

·≈– NA = 20 = 11.55 N

¥—ßπ—Èπ ·√ßμ÷ß„π‡™◊Õ°·≈–·√ßªØ‘°‘√‘¬“∑’Ë°”·æß°√–∑”μàÕ∑√ß°≈¡‡∑à“°—∫ 23.09

π‘«μ—π ·≈– 11.55 π‘«μ—π

À¡“¬‡Àμÿ

„π°“√·°âªí≠À“ ¡¥ÿ≈‡π◊ËÕß®“°·√ß “¡·√ßÕ“®„™â«‘∏’„¥°Á‰¥â¢÷ÈπÕ¬àŸ°—∫

ª√– ∫°“√≥å¢Õßπ—°‡√’¬π‡Õß À¡—ËπΩñ°Ωπ¡“°Ê ®–·°âªí≠À“‰¥â‡√Á«¢÷Èπ

28. ®“°√Ÿª æ◊Èπ‡Õ’¬ß∑”¡ÿ¡ 30 Ì °—∫·π«√“∫ «“ßμ‘¥°—∫°”·æß‡°≈’È¬ß ®ßÀ“·√ßªØ‘°‘√‘¬“∑’Ë°”·æß·≈–æ◊Èπ

‡Õ’¬ß°√–∑”μàÕ«—μ∂ÿ¡«≈ m «—μ∂ÿμ‘¥°”·æß∑’Ë A μ‘¥æ◊Èπ‡Õ’¬ß∑’Ë B

«‘‡§√“–Àå‚®∑¬å °“√·°âªí≠À“‡À¡◊Õπ¢âÕ 27

æ‘®“√≥“∑’Ë®ÿ¥ 0 ( ¡¥ÿ≈)

®“° ΣF = 0

(·π«¥‘Ëß) NB cos 30 Ì = mg

∴ N
B

= 2 mg

(·π«√–¥—∫) NA = NB sin 30 Ì = 2 mg  × 1

∴ N
A

=
mg

¥—ßπ—Èπ ·√ßªØ‘°‘√‘¬“∑’Ë°”·æß·≈–æ◊Èπ∑’Ë‡Õ’¬ß°√–∑”μàÕ«—μ∂ÿ¡«≈ m ‡∑à“°—∫ mg ·≈–   2 mg μ“¡≈”¥—∫

29. ∑√ß°≈¡¡«≈ 10 °‘‚≈°√—¡ «“ßπ‘Ëß∫πæ◊Èπ‡Õ’¬ß 2 Õ—π ´÷Ëß«“ß„Àâª≈“¬™‘¥°—π ∑”¡ÿ¡ 37 Ì ·≈– 53 Ì °—∫ ·π«

√–¥—∫μ“¡√Ÿª ∂â“ N
1
 ·≈– N

2
 ‡ªìπ¢π“¥¢Õß·√ß∑’Ëæ◊Èπ‡Õ’¬ß°√–∑”μàÕ∑√ß°≈¡ ®ßÀ“¢π“¥¢Õß·√ß N

1
 ·≈–

N
2

_____
3

___

3

_____
20  3

__
40

_____

3

_
2

_____

3

_____

3
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«‘‡§√“–Àå‚®∑¬å ‡π◊ËÕß®“° N1 μ—Èß©“°°—∫ N2 ®÷ßÕ“»—¬°“√·¬°·√ß 100 N „ÀâÕ¬àŸ„π·π«‡¥’¬«°—∫ N1 ·≈– N2
®“° ΣF = 0

‰¥â«à“ N1 = 100 cos 37 Ì = 100 × 4

∴ N
1

= 80 N

·≈– N2 = 100 sin 37 Ì = 100 × 3

∴ N
2

= 60 N

¥—ßπ—Èπ ¢π“¥¢Õß·√ß N
1
 ·≈– N

2 
‡∑à“°—∫ 80 ·≈– 60 π‘«μ—π μ“¡≈”¥—∫

30. ∑√ß°≈¡¢π“¥‡∑à“°—π 2 ≈Ÿ° Àπ—°≈Ÿ°≈– 100 π‘«μ—π π”‡™◊Õ°ºŸ°„π·π«ºà“π®ÿ¥»Ÿπ¬å°≈“ß¢Õß∑√ß°≈¡∑—Èß

 Õß·≈â««“ß∫πæ◊Èπ‡Õ’¬ß¥—ß√Ÿª ®ßÀ“·√ßμ÷ß„π‡ âπ‡™◊Õ°·≈–·√ß°√–∑”√–À«à“ß∑√ß°≈¡°—∫æ◊Èπ‡Õ’¬ß

«‘‡§√“–Àå‚®∑¬å ·°âªí≠À“‚¥¬°“√·¬°·√ß N „ÀâÕ¬àŸ∫π·°π x, y (æ‘®“√≥“∑√ß°≈¡≈Ÿ°„¥≈Ÿ°Àπ÷Ëß‡æ√“–·√ß

°√–∑”‡À¡◊Õπ°—π)

®“° ΣF = 0

(·π«¥‘Ëß) N cos 45 Ì= 100

∴ N = 100  2 N

(·π«√–¥—∫) T = N sin 45 Ì

∴ T = 100  2 ×  1 = 100 N

¥—ßπ—Èπ ·√ßμ÷ß„π‡ âπ‡™◊Õ°‡∑à“°—∫ 100 π‘«μ—π

·√ß°√–∑”√–À«à“ß∑√ß°≈¡°—∫æ◊Èπ‡Õ’¬ß‡∑à“°—∫ 100  2 π‘«μ—π

31. ∑√ß°≈¡ A ·≈– B ¢π“¥‡∑à“°—π ¡’¡«≈ 2 ·≈– 3 °‘‚≈°√—¡ «“ß∫πæ◊Èπ‡Õ’¬ß∑”¡ÿ¡ 30 Ì ´÷Ëßª≈“¬≈à“ß«“ß™‘¥

°—∫ºπ—ß¥—ß√Ÿª ®ßÀ“·√ßªØ‘°‘√‘¬“∑ÿ°·√ß

«‘‡§√“–Àå‚®∑¬å °“√·°âªí≠À“·¬°§‘¥∑’≈–≈Ÿ° ·≈â«„™â«‘∏’·¬°·√ß„ÀâÕ¬àŸ∫π·°πμ—Èß©“° 2 ·°π

_
5

_
5

___
2
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æ‘®“√≥“∑’Ë∑√ß°≈¡ A ( ¡¥ÿ≈)

®“° ΣF = 0

‰¥â«à“ NC = 20 sin 30 Ì = 20 × 1

∴ N
C

= 10 N

ND = 20 cos 30 Ì = 20 ×   3

∴ N
D

= 17.32 N

æ‘®“√≥“∑’Ë∑√ß°≈¡ B ( ¡¥ÿ≈)

®“° ΣF = 0

‰¥â«à“ NF cos 30 Ì = 30 sin 30 Ì + NC

NF ×   3 = 30 × 1 + 10

∴ N
F

= 50 = 28.87 N

·≈– NE = 30 cos 30 Ì+ NF sin 30 Ì

= 30 ×   3  +  50  × 1

∴ N
E

= 40.41 N

¥—ßπ—Èπ ·√ßªØ‘°‘√‘¬“¡’§à“‡∑à“°—∫ 10, 17.32,‹40.41 ·≈– 28.87 π‘«μ—π

32. ∑√ß°≈¡ A ·≈– B ¢π“¥‡∑à“°—π ¡’¡«≈ 3 °‘‚≈°√—¡ «“ß∫πæ◊Èπ‡Õ’¬ß∑”¡ÿ¡ 30 Ì ´÷Ëßª≈“¬≈à“ß«“ß™‘¥Ω“∑’Ëμ—Èß

©“°°—∫æ◊Èπ‡Õ’¬ß ¥—ß√Ÿª ®ßÀ“·√ßªØ‘°‘√‘¬“∑ÿ°·√ß

«‘‡§√“–Àå‚®∑¬å °“√·°âªí≠À“‡À¡◊Õπ¢âÕ 31

æ‘®“√≥“∑’Ë∑√ß°≈¡ A ( ¡¥ÿ≈)

®“° ΣF = 0

‰¥â«à“ NC = 30 sin 30 Ì = 30 × 1

∴ N
C

= 15 N

·≈– ND = 30 cos 30 Ì = 30 ×  3

∴ N
D

= 15   3 N

_
2

___
2

___
2

___
2

___
3

___
3

_
2

_
2

___
2

_
2
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æ‘®“√≥“∑’Ë∑√ß°≈¡ B ( ¡¥ÿ≈)

®“° ΣF = 0

‰¥â«à“ NE = 30 cos 30 Ì = 30 ×   3

∴ N
E

= 15  3 N

·≈– NF = NC + 30 sin 30 Ì = 15 + 30 × 1

∴ N
F

= 30 N

¥—ßπ—Èπ ·√ßªÆ‘°‘√‘¬“¡’§à“‡∑à“°—∫ 15, 15   3, 15   3·≈– 30 π‘«μ—π μ“¡≈”¥—∫

33. ∑√ß°≈¡¢π“¥ ¡Ë”‡ ¡ÕÀπ—°≈Ÿ°≈– 10 π‘«μ—π ¡’√—»¡’ ≈Ÿ°≈– 2.5 ´¡. Õ¬àŸ„π°≈àÕß„∫Àπ÷Ëß°«â“ß 8 ´¡.

®ßÀ“ªØ‘°‘√‘¬“∑ÿ°·√ß

«‘‡§√“–Àå‚®∑¬å °“√·°âªí≠À“‡À¡◊Õπ¢âÕ 32

æ‘®“√≥“∑√ß°≈¡≈Ÿ°∫π ( ¡¥ÿ≈)

®“° ΣF = 0

‰¥â«à“ ND cosθ = 10

ND × 4 = 10

∴ N
D

= 12.5 N

·≈– NB = ND sinθ = 12.5 × 3

∴ N
B

= 7.5 N

æ‘®“√≥“∑√ß°≈¡≈Ÿ°≈à“ß ( ¡¥ÿ≈)

®“° ΣF = 0
‰¥â«à“ NA = 10 + ND cosθ

∴ N
A

= 10 + 12.5 × 4 = 20 N

·≈– NC = ND sinθ = 12.5 ×  3

∴ N
C

= 7.5 N

¥—ßπ—Èπ ·√ßªØ‘°‘√‘¬“¡’§à“‡∑à“°—∫ 20, 7.5, 7.5 ·≈– 12.5 π‘«μ—π μ“¡≈”¥—∫

34. ∑√ß°≈¡ 2 ≈Ÿ° ¡’‡ àâπºà“π»Ÿπ¬å°≈“ß 12 ·≈– 18 ‡´πμ‘‡¡μ√ Àπ—° 3 ·≈– 12 π‘«μ—π μ“¡≈”¥—∫«“ß„π

∑√ß°√–∫Õ°‡ àâπºà“π»Ÿπ¬å°≈“ß 27 ‡´πμ‘‡¡μ√¥—ß√Ÿª ∂â“º‘«∑ÿ°º‘«‰¡à¡’§«“¡Ωó¥·√ßªØ‘°‘√‘¬“∑’Ë®ÿ¥ A, B, C

·≈– D ¡’§à“‡∑à“„¥

_
2

___
2

_
5

_
5

_
5

_
5
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«‘‡§√“–Àå‚®∑¬å °“√·°âªí≠À“‡À¡◊Õπ¢âÕ 33

æ‘®“√≥“∑√ß°≈¡∫π

®“° ΣF = 0

‰¥â«à“ ND cosθ = 3

ND × 9 = 3

∴ N
D

= 5 N

·≈–  NA = ND sinθ = 5 × 12

∴ N
A

= 4 N

æ‘®“≥“∑√ß°≈¡≈à“ß

®“° ΣF = 0

‰¥â«à“ NC = ND sinθ = 5 × 12

∴ N
C

= 4 N

·≈– NB = 12 + ND cosθ = 12 + 5 ×  9

∴ N
B

= 15 N

¥—ßπ—Èπ ·√ßªØ‘°‘√‘¬“∑’Ë®ÿ¥ A, B, C ·≈– D ‡∑à“°—∫ 4, 15, 4 ·≈– 5 π‘«μ—π μ“¡≈”¥—∫

35. ∑√ß°√–∫Õ°º‘«‡°≈’È¬ß 3 Õ—π ¢π“¥‡∑à“°—π ¡’√—»¡’Õ—π≈– 10 ´¡. «“ß´âÕπ°—π¥—ß√Ÿª ∑√ß°√–∫Õ°Õ—π∫πÀπ—°

40 π‘«μ—π  à«πÕ—π≈à“ßÀπ—°Õ—π≈– 80 π‘«μ—π ®ßÀ“·√ßμ÷ß„π‡ âπ‡™◊Õ° AB ÷́Ëß¬“« 32 ´¡.

__
15

__
15

__
15

__
15
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«‘‡§√“–Àå‚®∑¬å æ‘®“√≥“·√ß°√–∑”μàÕ∑√ß°√–∫Õ° C ·≈– A À√◊Õ B (‡π◊ËÕß®“° A ·≈– B ¡’·√ß°√–∑”

‡À¡◊Õπ°—π) °“√·°âªí≠À“‡À¡◊Õπ¢âÕ 34

æ‘®“√≥“∑√ß°¡ C ( ¡¥ÿ≈)

®“° ΣF = 0

(·π«√–¥—∫) NE sinθ = NF sinθ

NE = NF
(·π«¥‘Ëß) 2 NE cosθ = 40

2 NE × 12 = 40

NE = 100 N

æ‘®“√≥“∑√ß°≈¡ A ( ¡¥ÿ≈)

®“° ΣF = 0

(·π«√–¥—∫) T = NE sinθ

= 100 × 16

∴ T = 80 = 26.67 N

¥—ßπ—Èπ ·√ßμ÷ß„π‡ âπ‡™◊Õ° AB ‡∑à“°—∫ 26.67 π‘«μ—π

À¡“¬‡Àμÿ ®“°‚®∑¬å¢âÕ 35 Õ“®¥—¥·ª≈ß ‡ªìππ”∑√ß°√–∫Õ°∑—Èß 3 ‰ª«“ß´âÕπ„π°≈àÕßÀ√◊Õ

«“ß ấÕπÕ¬àŸ∫πæ◊Èπ∑’Ë¡’·√ß‡ ’¬¥∑“π ·≈â«∂“¡À“·√ßªØ‘°‘√‘¬“∑’Ëμ”·Àπàßμà“ßÊ À√◊Õ

∂“¡À“·√ß‡ ’¬¥∑“π À√◊Õ —¡ª√– ‘∑∏‘Ï¢Õß§«“¡‡ ’¬¥∑“π√–À«à“ß æ◊Èπ°—∫∑√ß

°√–∫Õ° (À√◊Õ∑√ß°≈¡°Á‰¥â ´÷Ëß¡’À≈—°°“√·°âªí≠À“‡À¡◊Õπ¢âÕ 35)

®“°√Ÿª∑—Èß “¡ ·√ß N, f À√◊Õ F ‡ª√’¬∫‡À¡◊Õπ·√ß T „π¢âÕ 35

36. «—μ∂ÿ W ·≈– 2W «“ß´âÕπ°—π ‚¥¬¡’‡™◊Õ°‡ âπÀπ÷ËßºŸ°·≈–§≈âÕßºà“π√Õ°¥—ß√Ÿª ∂â“ —¡ª√– ‘∑∏‘Ï¢Õß§«“¡

‡ ’¬¥∑“π√–À«à“ßº‘« —¡º— ·μà≈–§àŸ‡ªìπ μ ®ßÀ“¢π“¥¢Õß·√ß F ∑’ËæÕ¥’ ©ÿ¥„Àâ«—μ∂ÿ‡√‘Ë¡‡§≈◊ËÕπ∑’Ë

__
20

___
3

__
20

___
3

__
3
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«‘‡§√“–Àå‚®∑¬å √–∫∫ ¡¥ÿ≈ „™â«‘∏’·¬°°âÕπ§‘¥

®“° ΣF = O

(W) ; T = f1 = μW ...❶

(2W) ; F = T + f1 + f2
= μW + μW + μ (3W)

∴ F = 5 μW

¥—ßπ—Èπ·√ß F ¡’¢π“¥ 5 μW

37. ®“°√Ÿª∂â“‡™◊Õ°‡∫“·≈–√Õ°‰¡à¡’·√ß‡ ’¬¥∑“π ¡«≈ m ¡’§à“¡“°∑’Ë ÿ¥‡∑à“„¥®÷ß¬—ß∑”„Àâ¡«≈ 6 °‘‚≈°√—¡·≈–

4 °‘‚≈°√—¡ Õ¬àŸπ‘Ëß‰¥â ‡¡◊ËÕ —¡ª√– ‘∑∏‘Ï§«“¡‡ ’¬¥∑“π ∂‘μ¢Õß∑ÿ°º‘«¡’§à“ 0.4

«‘‡§√“–Àå‚®∑¬å °“√·°âªí≠À“‡À¡◊Õπ¢âÕ 36

®“° ΣF = 0
(4) ;  T1 = f1 = μN1

T1 = 0.4 × 40 = 16 N
(6) ; T2 = T1 + f1 + f2 = 16 + 16 + μN2

T2 = 32 + 0.4(100) = 72 N
(m) ; mg = T

∴ m = 72
= 7.2 kg

¥—ßπ—Èπ ¡«≈ m ¡’§à“¡“°∑’Ë ÿ¥ 7.2 °‘‚≈°√—¡

38. ®“°√Ÿª«—μ∂ÿ¡«≈ 20 °‘‚≈°√—¡ ‡√‘Ë¡‰∂≈≈ßμ“¡æ◊Èπ‡Õ’¬ß ∂â“æ◊Èπ√“∫·≈–æ◊Èπ‡Õ’¬ß¡’§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡ ’¬¥

∑“π‡∑à“°—π ®–¡’§à“‡∑à“„¥

«‘‡§√“–Àå‚®∑¬å °“√·°âªí≠À“‡À¡◊Õπ¢âÕ 36

®“° ΣF = 0

(8 kg); T = f1 = μN

__
10

8 °.°.
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T = 80 μ ...❶

 (20 kg); mgsin 37 Ì = T + f2 = T + μ mgcos 37 Ì

200 × 3 = 80 μ + μ(200) × 4

∴ μ = 0.5

¥—ßπ—Èπ  —¡ª√– ‘∑∏‘Ï¢Õß§«“¡‡ ’¬¥∑“π¡’§à“ 0.5

39. «—μ∂ÿ¡«≈ 10 °‘‚≈°√—¡ «“ß∫πæ◊Èπ‡Õ’¬ß∑”¡ÿ¡ 37 Ì °—∫·π«√–¥—∫´÷Ëß¡’§à“ —¡ª√– ‘∑∏‘Ï¢Õß§«“¡‡ ’¬¥∑“π 0.2

®ßÀ“·√ß P ∑’Ë©ÿ¥„π·π«¢π“π°—∫æ◊Èπ‡Õ’¬ß„Àâ«—μ∂ÿ ¡¥ÿ≈Õ¬àŸ‰¥â

«‘‡§√“–Àå‚®∑¬å 1. ‡¢’¬π √Ÿª ·≈â«„ à·√ß°√–∑”μàÕ«—μ∂ÿ

2. ·√ß P πâÕ¬«—μ∂ÿ®–≈ß f ¡’∑‘»¢÷Èπ

3. ·√ß P ¡“° «—μ∂ÿ®–¢÷Èπ f ¡’∑‘»≈ß

(°) °”≈—ß®–≈ß  (¢) °”≈—ß®–¢÷Èπ

(®–≈ß) ®“° ΣF = 0

P + f = mgsin 37 Ì

P = mgsin 37 Ì - μ mgcos 37 Ì

= 100 × 3 - 0.2 × 100 × 4

∴ P = 44 N

(®–¢÷Èπ) ®“° ΣF = 0

P = mgsin 37 Ì + f

= mgsin 37 Ì + μ mgcos 37 Ì

∴ P = 76 N

¥—ßπ—Èπ ·√ß P ∑’Ë©ÿ¥„Àâ«—μ∂ÿ ¡¥ÿ≈‰¥â¡’§à“ 44 ≤ P ≤ 76 N

40. «—μ∂ÿ¡«≈ 50 °‘‚≈°√—¡ ∂Ÿ°°√–∑”¥â«¬·√ß P ÷́Ëß‡ªìπ·√ß„π·π«√–¥—∫ ∑”„Àâ«—μ∂ÿ‡§≈◊ËÕπ∑’Ë¢÷Èπ‰ª∫πæ◊Èπ

‡Õ’¬ß´÷Ëß¡’ —¡ª√– ‘∑∏‘Ï¢Õß§«“¡‡ ’¬¥∑“π 0.5 ¥â«¬§«“¡‡√Á«§ß∑’Ë¥—ß√Ÿª ®ßÀ“¢π“¥¢Õß·√ß P

«‘‡§√“–Àå‚®∑¬å ·°âªí≠À“‚¥¬°“√·μ°·√ß„ÀâÕ¬àŸ„π·π«¢π“π·≈–μ—Èß©“°°—∫æ◊Èπ‡Õ’¬ß·≈â«„™â ¡°“√ ΣF = 0

_
5

_
5

_
5

_
5

10 
kg

10 
kg
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®“° ΣF = 0

(·π«μ—Èß©“°) ;  N = mgcos θ + Psin θ ...❶

(·π«¢π“π) ; Pcos θ = mgsin θ + fk
P cos θ = mgsin θ +  μ (mgcos θ + Psin θ)

4 P = 500 × 3 + 0.5(500 × 4  + 3 P)

∴ P = 1,000 N

¥—ßπ—Èπ ·√ß P ¡’¢π“¥ 1,000 π‘«μ—π

41. ®“°√Ÿª¡ÿ¡ θ §«√¡’§à“‡∑à“‰√ «—μ∂ÿ¡«≈ 60 °‘‚≈°√—¡ ®÷ß‡√‘Ë¡‡§≈◊ËÕπ∑’Ë≈ßæÕ¥’ ∂â“ —¡ª√– ‘∑∏‘Ï§«“¡‡ ’¬¥∑“π

∑ÿ°º‘«‡ªìπ    
1

«‘‡§√“–Àå‚®∑¬å √–∫∫ ¡¥ÿ≈ æ‘®“√≥“·√ß„π·π«¢π“π·≈–μ—Èß©“°°—∫æ◊Èπ‡Õ’¬ß

®“° ΣF = 0

(60 kg) ; 600 sin θ = f1 + f2
600 sin θ = μ N1 + μ N2

600 sin θ =   1   × 300 cos θ +   1   × 900 cos θ

600 sin θ = 1,200 cosθ

 sin θ =  1

tan θ = 1

∴ θ = 30 Ì

¥—ßπ—Èπ ¡ÿ¡ θ ‡∑à“°—∫ 30 Ì Õß»“

42. ‚´à‡ âπÀπ÷Ëß¢π“¥ ¡Ë”‡ ¡Õ «“ß§≈âÕßºà“π√Õ° ́ ÷ËßÀ¡ÿπ‰¥â§≈àÕß ‚¥¬√Õ°μ‘¥Õ¬àŸ∫π¬Õ¥¢Õß√–π“∫‡Õ’¬ß ́ ÷Ëß

‡Õ’¬ß∑”¡ÿ¡ 30 Ì °—∫æ◊Èπ√“∫ ∂â“ à«πÀπ÷Ëß¢Õß‚´à´÷Ëß¬“« 0.5 ‡¡μ√ «“ßæ“¥∫πæ◊Èπ‡Õ’¬ß∑’Ë¡’ —¡ª√– ‘∑∏‘Ï§«“¡

‡ ’¬¥∑“π‡∑à“°—∫  1  ®ßÀ“«à“ à«π∑’Ë‡À≈◊Õ¢Õß‚´à¡“°∑’Ë ÿ¥∑’ËÀâÕ¬Õ¬à“ßÕ‘ √–„π·π«¥‘Ëßºà“π√Õ°´÷Ëß®–∑”„Àâ

‚´à‡√‘Ë¡‡§≈◊ËÕπ∑’Ë‰¥âæÕ¥’

_
5

_
5

_
5

_
5

_____
cos θ

____
2  3

____
2  3

_________
2  3

___
3

___
3

____

3

_____

2  3
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«‘‡§√“–Àå‚®∑¬å ‚´à‡√‘Ë¡‡§≈◊ËÕπ∑’Ë · ¥ß«à“Õ¬àŸ„π ¿“æ ¡¥ÿ≈

 ¡¡μ‘ ‚´à à«π∑’ËÀâÕ¬¬“« l

·≈– ‚´à¬“« 1 m ¡’¡«≈ m

∂â“ ‚´à¬“« 0.5 m ¡’¡«≈ 0.5 m

‚´à¬“« l m ¡’¡«≈ ml

®“° ΣF = 0

mlg = 0.5 mg sin 30 Ì + μ(0.5 mg)cos 30 Ì

mlg = 0.5 mg × 1 +  1  × 0.5 mg   3

∴ l = 0.5 m

¥—ßπ—Èπ‚´à à«π∑’ËÀâÕ¬„π·π«¥‘Ëß¬“« 0.5 ‡¡μ√

4.3 ®ÿ¥»Ÿπ¬å°≈“ß¢Õß¡«≈ (C.M.) ·≈–®ÿ¥»Ÿπ¬å∂à«ß (C.G.)

4.3.1 ®ÿ¥»Ÿπ¬å°≈“ß¢Õß¡«≈ (Center of mass) çC.M.é §◊Õ μ”·Àπàß∑’Ë‡ ¡◊Õπ

‡ªìπ∑’Ë√«¡¢Õß¡«≈∑—Èß°âÕπ ´÷Ëß®ÿ¥π’ÈÕ“®®–Õ¬àŸ„πÀ√◊ÕπÕ°«—μ∂ÿ°Á‰¥â °“√À“®ÿ¥»Ÿπ¬å°≈“ß¢Õß¡«≈ À“‰¥â‚¥¬ÕÕ°·√ß°√–∑”

μàÕ«—μ∂ÿ„Àâ‡§≈◊ËÕπ∑’Ëμ“¡·π«·√ß‚¥¬‰¡àÀ¡ÿπ À≈“¬Ê §√—Èß ¥—ß√Ÿª 4.9 ·≈â«æ∫«à“·π«·√ß‡À≈à“π—Èπ ®–μ—¥°—π∑’Ëμ”·ÀπàßÊ

Àπ÷Ëß §◊Õ ®ÿ¥»Ÿπ¬å°≈“ß¢Õß¡«≈

®“°√Ÿª 4.9 ®ÿ¥ O ‡ªìπ®ÿ¥∑’Ë·π«·√ß F °√–∑”ºà“π·≈â«

«—μ∂ÿ‰¡àÀ¡ÿπ·μà≈–‡§≈◊ËÕπ∑’Ëμ“¡·π«·√ß F ¥â«¬§«“¡‡√àß a

¥—ßπ—Èπ ®ÿ¥ O ®÷ß‡ªìπ®ÿ¥»Ÿπ¬å°≈“ß¢Õß¡«≈

√Ÿª 4.9 · ¥ß°“√À“®ÿ¥»Ÿπ¬å°≈“ß¢Õß¡«≈

4.3.2 ®ÿ¥»Ÿπ¬å∂à«ß (Center of gravity) çC.G.é §◊Õ μ”·Àπàß∑’Ë‡ ¡◊Õπ‡ªìπ∑’Ë√«¡¢Õß

πÈ”Àπ—°¢Õß«—μ∂ÿ∑—Èß°âÕπ´÷Ëß®ÿ¥π’ÈÕ“®®–Õ¬àŸ„πÀ√◊ÕπÕ°«—μ∂ÿ°Á‰¥â°“√À“®ÿ¥»Ÿπ¬å∂à«ß¢Õß«—μ∂ÿ‚¥¬°“√·¢«π «—μ∂ÿπ—Èπ„π

≈—°…≥–μà“ßÊ °—π„π·π«¥‘Ëß ‚¥¬·π«¢ÕßπÈ”Àπ—°¢Õß«—μ∂ÿ®–μ—¥°—π∑’Ë®ÿ¥Ê Àπ÷Ëß ¥—ß√Ÿª 4.10 ®ÿ¥π—Èπ§◊Õ ®ÿ¥»Ÿπ¬å∂à«ß¢Õß

«—μ∂ÿπ—Èπ

___
3

_
2

___
2
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®ÿ¥ O ‡ªìπ®ÿ¥∑’Ë·π«¢ÕßπÈ”Àπ—°À√◊Õ mg μ—¥°—π‰¡à«à“®–

·¢«π«—μ∂ÿ„π≈—°…≥–„¥°Áμ“¡

√Ÿª 4.10 · ¥ß°“√À“®ÿ¥»Ÿπ¬å∂à«ß

À¡“¬‡Àμÿ

≥ ∫√‘‡«≥∑’Ë¡’§à“ g  ¡Ë”‡ ¡Õ ®ÿ¥ C.M. ·≈– C.G. ®–Õ¬àŸ∑’Ëμ”·Àπàß‡¥’¬«°—π ·μà∂â“‡ªìπ∫√‘‡«≥∑’Ë¡’§à“ g ‰¡à

 ¡Ë”‡ ¡Õ®ÿ¥ C.G. ®–‡ª≈’Ë¬π‰ª®“°‡¥‘¡ ·μà ®ÿ¥ C.M. ¬—ßÕ¬àŸ∑’Ëμ”·Àπàß‡¥‘¡‡ ¡Õ

®ÿ¥»Ÿπ¬å°≈“ß¢Õß¡«≈¢Õß«—μ∂ÿ√Ÿªμà“ßÊ

1. §“πμ√ß ¡Ë”‡ ¡Õ ®ÿ¥ C.M. Õ¬àŸ∑’Ë®ÿ¥°÷Ëß°≈“ß§“π

2. √Ÿª∑√ß°√–∫Õ° ®ÿ¥ C.M. Õ¬àŸ∑’Ë®ÿ¥°÷Ëß°≈“ß¢Õß‡ âπ·°π°≈“ß¢Õß∑√ß°√–∫Õ°

3. √Ÿª ’Ë‡À≈’Ë¬¡≈Ÿ°∫“»°å ®ÿ¥ C.M. Õ¬àŸ∑’Ë®ÿ¥°÷Ëß°≈“ß¢Õß ’Ë‡À≈’Ë¬¡≈Ÿ°∫“»°å

4. √Ÿª∑√ß°≈¡ ®ÿ¥ C.M. Õ¬àŸ∑’Ë®ÿ¥°÷Ëß°≈“ß¢Õß∑√ß°≈¡

5. ·ºàπ√Ÿª “¡‡À≈’Ë¬¡ ¡Ë”‡ ¡Õ ®ÿ¥ C.M. Õ¬àŸ∑’Ë®ÿ¥μ—¥¢Õß‡ âπ¡—∏¬∞“π∑—Èß “¡

6. ·ºàπ√Ÿª ’Ë‡À≈’Ë¬¡¥â“π¢π“π ¡Ë”‡ ¡Õ ®ÿ¥ C.M. Õ¬àŸ∑’Ë®ÿ¥μ—¥¢Õß‡ âπ∑·¬ß¡ÿ¡∑—Èß Õß

7. ·ºàπ°≈¡ ¡Ë”‡ ¡Õ ®ÿ¥ C.M. Õ¬àŸ∑’Ë®ÿ¥»Ÿπ¬å°≈“ß¢Õß·ºàπ°≈¡

8. √Ÿª°√«¬‡À≈’Ë¬¡ ®ÿ¥ C.M. Õ¬àŸ„π·π«‡ âπ·°π¢Õß°√«¬‡ªìπ√–¬– 1 ¢Õß§«“¡ Ÿß®“°∞“π

9. √Ÿª°√«¬°≈¡μ—π ®ÿ¥ C.M. Õ¬àŸ„π·π«‡ âπ·°π¢Õß°√«¬‡ªìπ√–¬– 1 ¢Õß§«“¡ Ÿß®“°∞“π

10. √Ÿª°√«¬°≈¡°≈«ß ®ÿ¥ C.M. Õ¬àŸ„π·π«‡ âπ·°π¢Õß°√«¬‡ªìπ√–¬– 1 ¢Õß§«“¡ Ÿß®“°∞“π

4.3.3 °“√À“μ”·Àπàß¢Õß®ÿ¥»Ÿπ¬å°≈“ß¡«≈

„π√–∫∫´÷Ëßª√–°Õ∫¥â«¬¡«≈¬àÕ¬Ê À≈“¬Ê ¡«≈ ‡™àπ m1, m2, m3, ..., mN ¡’®ÿ¥»Ÿπ¬å°≈“ß¡«≈·μà≈–¡«≈Õ¬àŸ∑’Ë

(x1, y1), (x2, y2), (x3, y3), ..., (xN, yN) μ“¡≈”¥—∫ ¥—ß√Ÿª 4.11

√Ÿª 4.11 · ¥ßμ”·Àπàß√–∫∫æ‘°—¥©“°¢Õß¡«≈¬àÕ¬ m1, m2, m3, ..., mN

_
4
_
4

_
3
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®“°√Ÿª „π°“√À“μ”·Àπàß¢Õß®ÿ¥»Ÿπ¬å°≈“ß¡«≈¢Õß√–∫∫ ÷́ËßÕ¬àŸ∑’Ëμ”·Àπàß (xCM, yCM)  “¡“√∂À“‰¥â®“°

 ¡°“√ ¥—ßπ’È

x
CM

=
m1x1 + m2x2 + m3x3 + ... + mNxN

y
CM

=
m1y1 + m2y2 + m3y3 + ... + mNyN

‡¡◊ËÕ xCM ‡ªìπμ”·Àπàß¢Õß®ÿ¥»Ÿπ¬å°≈“ß¡«≈μ“¡·°π x

yCM ‡ªìπμ”·Àπàß¢Õß®ÿ¥»Ÿπ¬å°≈“ß¡«≈μ“¡·°π y

43. ¡«≈ 5 °‘‚≈°√—¡ ·≈– 25 °‘‚≈°√—¡ Õ¬àŸÀà“ß°—π 3 ‡¡μ√ ®ßÀ“®ÿ¥»Ÿπ¬å°≈“ß¡«≈¢Õß√–∫∫¡«≈∑—Èß ÕßÕ¬àŸ∑’Ë„¥

«‘‡§√“–Àå‚®∑¬å 1. «“¥√Ÿª · ¥ßμ”·Àπàß¢Õß¡«≈∑—Èß Õß

2. ‡¡◊ËÕ√âŸ m1 = 5 kg, m2 = 25 kg, x1 = 0, x2 = 3 m μâÕß°“√À“ xCM

®“° xCM =
m1x1 + m2x2

= 5(0) + 25(3)

∴ x
CM

= 2.5 m

¥—ßπ—Èπ ®ÿ¥»Ÿπ¬å°≈“ß¡«≈¢Õß√–∫∫Õ¬àŸÀà“ß®“°¡«≈ 5 °‘‚≈°√—¡‡ªìπ√–¬– 2.5 ‡¡μ√

44. ®“°√Ÿª ®ßÀ“®ÿ¥»Ÿπ¬å°≈“ß¡«≈¢Õß√–∫∫´÷Ëßª√–°Õ∫¥â«¬¡«≈ m, 2m ·≈– 3m

«‘‡§√“–Àå‚®∑¬å ‡¡◊ËÕ√âŸ m1 = m, m2  =2m, m3 = 3m, x1
= a, y1 = a, x2 = a, y2 = 3a, x3 = 5a, y3 = 3a μâÕß°“√

À“ xCM, yCM

®“° xCM =
m1x1 + m2x2 + m3x3

= m(a) + 2m(a) + 3m(5a)

∴ x
CM

 = 3a

________________________________
m

1
 + m

2
 + m

3
 + ... + m

N

________________________________
m

1
 + m

2
 + m

3
 + ... + m

N

________________
m1 + m2

_____________
5 + 25

_____________________
m1 + m2 + m3

_____________________
m + 2m + 3m

·≈– yCM =
m1y1 + m2y2 + m3y3

= m(a) + 2m(3a) + 3m(3a)

∴ y
CM

= 2.67a

¥—ßπ—Èπ ®ÿ¥»Ÿπ¬å°≈“ß¡«≈¢Õß√–∫∫Õ¬àŸ∑’Ëμ”·Àπàß (3a, 2.67a)

_____________________
m1 + m2 + m3

_____________________
m + 2m + 3m
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45. ·ºàπ‚≈À– ¡Ë”‡ ¡Õ¥—ß√Ÿª ®ßÀ“μ”·Àπàß¢Õß®ÿ¥»Ÿπ¬å°≈“ß¡«≈¢Õß‚≈À–·ºàππ’È

«‘‡§√“–Àå‚®∑¬å 1. ·∫àßæ◊Èπ∑’Ë ·ºàπ‡À≈Á°ÕÕ°‡ªìπ à«π¬àÕ¬Ê

·≈â«°”Àπ¥®ÿ¥ C.M. ¢Õß ·μà≈– à«π°àÕπ

2. °”Àπ¥¢π“¥¡«≈ (m) α ¢π“¥æ◊Èπ∑’Ë (A)

3. ‡¡◊ËÕ√âŸ A1, A2, A3, x1 = x2 = x3 = 0,

y1 = 5, y2 = 25, y3 = 42.5

®“° yCM =
A1y1 + A2y2 + A3y3

= (10 × 60)5 + (10 × 30)25 + (5 × 40)42.5

∴ y
CM

= 17.27 cm

¥—ßπ—Èπ ®ÿ¥»Ÿπ¬å°≈“ß¡«≈¢Õß‚≈À–·ºàππ’È Õ¬àŸ Ÿß®“°®ÿ¥°÷Ëß°≈“ß¢Õ∫≈à“ß 17.27 ‡´πμ‘‡¡μ√

46. ®ßÀ“®ÿ¥»Ÿπ¬å°≈“ß¡«≈¢Õß·ºàπ‚≈À– ¡Ë”‡ ¡Õ

«‘‡§√“–Àå‚®∑¬å §≈â“¬¢âÕ 45 ‡¡◊ËÕ√âŸ A1 = 3 × 4 m2, A2 =

1 × 3 m2, x1 = 2, x2 = 1.5, y1 = 1.5, y2 = 3.5 μâÕß°“√

À“ xCM, yCM

®“° xCM =
A1x1 + A2x2

= (3 × 4)2 + (1 × 3)1.5

∴ xCM = 1.9 m

·≈– yCM =
A1y1 + A2y2

= (3 × 4)1.5 + (1 × 3)3.5

∴ y
CM

= 1.9 m

¥—ßπ—Èπ ®ÿ¥»Ÿπ¬å°≈“ß¡«≈¢Õß·ºàπ‚≈À–π’ÈÕ¬àŸ∑’Ëμ”·Àπàß (1.9, 1.9)

¢âÕ 46 «‘∏’∑’Ë 2

_____________________
A1 + A2 + A3

______________________________________
(10 × 60) + (10 × 30) + (5 × 40)

_____________________
A1 + A2

_____________________
(3 × 4) + (1 × 3)

_____________________
A1 + A2

_____________________
(3 × 4) + (1 × 3)
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«‘‡§√“–Àå‚®∑¬å ®ÿ¥»Ÿπ¬å°≈“ß¡«≈ ®“°√Ÿª∑’Ë°”Àπ¥„ÀâÕ“®‡∑à“°—∫ ®ÿ¥»Ÿπ¬å°≈“ß¡«≈√Ÿª ABCD - √Ÿª CEFG

®“° xCM =
(Ax)ABCD - (Ax)CEFG

= (4 × 4)2 - (1 × 1)3.5

∴ x
CM

= 1.9 m

·≈– yCM =
(Ay)ABCD - (Ay)CEFG

= (4 × 4)2 - (1 × 1)3.5

∴ y
CM

= 1.9 m

¥—ßπ—Èπ ∑—Èß Õß«‘∏’ “¡“√∂À“ x
CM

 ·≈– y
CM

 ‰¥âà‡À¡◊Õπ°—π

4.4 ‚¡‡¡πμå¢Õß·√ßÀ√◊Õ∑Õ√å°
‡¡◊ËÕÕÕ°·√ß°√–∑”μàÕ«—μ∂ÿ„π·π«ºà“π®ÿ¥»Ÿπ¬å°≈“ß¢Õß¡«≈¢Õß«—μ∂ÿ æ∫«à“ «—μ∂ÿ®–‡°‘¥°“√‡§≈◊ËÕπ∑’Ëμ“¡

·π«·√ß∑’Ë°√–∑”¥â«¬§«“¡‡√àß ·μà∂â“·π«·√ß∑’Ë°√–∑”‰¡àºà“π®ÿ¥»Ÿπ¬å°≈“ß¢Õß¡«≈¢Õß«—μ∂ÿ æ∫«à“«—μ∂ÿ®–‡°‘¥°“√À¡ÿπ

√Õ∫®ÿ¥»Ÿπ¬å°≈“ß¢Õß¡«≈‡√’¬°®ÿ¥»Ÿπ¬å°≈“ß¢Õß¡«≈«à“®ÿ¥À¡ÿπº≈¢Õß°“√À¡ÿπ‡π◊ËÕß®“°·√ß√Õ∫®ÿ¥À¡ÿπ‡√’¬°«à“ ‚¡‡¡πμå

¢Õß·√ß (moment of force) À√◊Õ ∑Õ√å° (torque)

∂â“¡’·√ß (F) °√–∑”°—∫«—μ∂ÿ∑’Ëμ”·Àπàßª≈“¬¢Õß‡«°‡μÕ√å∫Õ°μ”·Àπàß (r) ®“°®ÿ¥À¡ÿπ¥—ß√Ÿª 4.12

√Ÿª 4.12 ·√ß F °√–∑”°—∫«—μ∂ÿ¡’·π«·√ßÀà“ß®“°®ÿ¥À¡ÿπ‡ªìπ√–¬– l

®“° τ = r ×  F

‰¥â«à“ τ = rFsinθ À√◊Õ Frsinβ  (θ = 180 Ì - β)

À√◊Õ M = Frsinβ =  F.l.

‰¥â«à“ M = F × l

‡¡◊ËÕ M §◊Õ‚¡‡¡πμå¢Õß·√ß

F §◊Õ·√ß∑’Ë°√–∑”μàÕ«—μ∂ÿ

l §◊Õ√–¬–∑“ß®“°®ÿ¥À¡ÿπ‰ªμ—Èß©“°°—∫·π«·√ß

______________________
AABCD - ACEFG

_____________________
(4 × 4) - (1 × 1)

______________________
AABCD - ACEFG

_____________________
(4 × 4) - (1 × 1)
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¥—ßπ—Èπ ¢π“¥¢Õß∑Õ√å° À√◊Õ ‚¡‡¡πμå¢Õß·√ß ¡’§à“‡∑à“°—∫º≈§Ÿ≥√–À«à“ß¢π“¥¢Õß·√ß°—∫√–¬–∑“ß®ÿ¥

À¡ÿπ‰ªμ—Èß©“°°—∫·π«·√ß

Àπà«¬¢Õß‚¡‡¡πμå¢Õß·√ß§◊Õ π‘«μ—π .‡¡μ√(N.m.)

®“°√Ÿª 4.12 ∑‘»∑“ß¢Õß τ ¡’∑‘»æÿàßμ—Èß©“°°—∫√–π“∫¢Õß°“√Àπÿπ„π∑’Ëπ’ÈæÿàßÕÕ°®“°°√–¥“… ‚¥¬«—μ∂ÿ®–

À¡ÿπ„π≈—°…≥–∑«π‡¢Á¡π“Ãî°“ ‡π◊ËÕß®“°∑Õ√å°‡ªìπª√‘¡“≥‡«°‡μÕ√å¡’∑—Èß¢π“¥·≈–∑‘»∑“ß‡¡◊ËÕæ‘®“≥≥“«—μ∂ÿ∑’ËÀ¡ÿπ

√Õ∫·°πμ√÷ß ‡π◊ËÕß®“°∂Ÿ°·√ß F °√–∑” ∑‘»∑“ß¢Õß∑Õ√å°À“‰¥â®“°°Æ¡◊Õ¢«“ ¥—ß√Ÿª 4.13

√Ÿª 4.13 °“√À¡ÿπ¢Õß«—μ∂ÿ‡∑’¬∫°—∫°“√À¡ÿπ¢Õß‡¢Á¡π“Ãî°“

®“°√Ÿª 4.13 ®–‰¥â«à“∑‘»∑“ß∑“ß¢Õß τ μ—Èß©“°°—∫√–π“∫°“√À¡ÿπ ‡æ◊ËÕ„Àâ –¥«°·≈–ßà“¬¢÷Èπ®–§‘¥‡©æ“–

¢π“¥¢Õß∑Õ√å°À√◊Õ‚¡‡¡πμå¢Õß·√ß°—∫∑‘»∑“ßμ“¡À¡ÿπ¢Õß«—μ∂ÿ́ ÷ËßÕ¬Ÿà„π∑‘»μ“¡‡¢Á¡π“Ãî°“ À√◊Õ∑«π‡¢Á¡π“Ãî°“‡∑à“π—Èπ

‡™àπ«—μ∂ÿ∂Ÿ°·√ß°√–∑”¥—ß√Ÿª 4.14 ®–¡’∑‘»∑“ß°“√À¡ÿπ ¥—ßπ’È

√Ÿª 4.14 ·√ß F °√–∑”°—∫«—μ∂ÿ¡’·π«·√ßÀà“ß®“°®ÿ¥À¡ÿπ l

®“°√Ÿª 4.14 (°) «—μ∂ÿÀ¡ÿπ∑«π‡¢Á¡π“Ãî°“

4.14 (¢) «—μ∂ÿÀ¡ÿπμ“¡‡¢Á¡π“Ãî°“

4.14 (§) «—μ∂ÿÀ¡ÿπ∑«π‡¢Á¡π“Ãî°“
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47. ®“°√Ÿª ®ßÀ“‚¡‡¡πμå¢Õß·√ß∑’Ë°√–∑”μàÕ«—μ∂ÿ ‡¡◊ËÕ O ‡ªìπ®ÿ¥À¡ÿπ¢Õß«—μ∂ÿπ—Èπ

«‘‡§√“–Àå‚®∑¬å μâÕß°“√À“ M μâÕß√âŸ F ·≈– l (√–¬–∑“ß®“°®ÿ¥À¡ÿπμ—Èß©“°°—∫·π«·√ß)

®“° M = F × l

= 50 × 2

∴ M = 100 N.m (∑«π‡¢Á¡π“Ãî°“)

¥—ßπ—Èπ ‚¡‡¡πμå¢Õß·√ß‡∑à“°—∫ 100 π‘«μ—π‡¡μ√À¡ÿπ∑«π‡¢Á¡π“Ãî°“

®“° M = F × l

= 50 ×  2 sin 30 Ì

∴ M = 50 N.m (μ“¡‡¢Á¡π“Ãî°“)

¢âÕ (¢) Õ“®À“§à“‚¡‡¡πμå‰¥âÕ’°«‘∏’Àπ÷Ëß§◊Õ°“√·¬°·√ß„Àâºà“π®ÿ¥À¡ÿπ·≈–μ—Èß©“°°—∫·π«ºà“π®ÿ¥À¡ÿπ¥—ß√Ÿª

®“° M = F × l

= 50 sin 30 Ì × 2

∴ M = 50 N.m (μ“¡‡¢Á¡π“Ãî°“)

¥—ßπ—Èπ ‚¡‡¡πμå¢Õß·√ß‡∑à“°—∫ 50 π‘«μ—π ‡¡μ√À¡ÿπμ“¡‡¢Á¡π“Ãî°“

(§) ®“° M = F × l

= 100 sin 53 Ì ×  2

= 100 × 4 × 2

∴ M = 160 N.m (μ“¡‡¢Á¡π“Ãî°“)

¥—ßπ—Èπ ‚¡‡¡πμå¢Õß·√ß‡∑à“°—∫ 160 π‘«μ—π ‡¡μ√À¡ÿπμ“¡‡¢Á¡π“Ãî°“

(°)

(¢)

_
5
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°“√À“‚¡‡¡πμå≈—æ∏å¢Õß·√ßÀ≈“¬·√ß

®“°√Ÿª 4.15 «—μ∂ÿ§ß√Ÿª¡’·√ß F1, F2 ·≈– F3 °√–∑”‚¥¬

¡’®ÿ¥ O ‡ªìπ®ÿ¥À¡ÿπ·≈–¡’√–¬–μ—Èß©“°®“°®ÿ¥À¡ÿπ O ‰ª

¬—ß·π«·√ß F1, F2 ·≈– F3 ‡ªìπ√–¬– OA, OB ·≈– OC

μ“¡≈”¥—∫ ‡¡◊ËÕæ‘®“√≥“º≈°“√À¡ÿπ¢Õß·√ß F1, F2 ·≈–

F3 æ∫«à“ “¡“√∂·¬°‰¥â 2 æ«° §◊Õ ·√ß F1 ·≈– F3 ‡ªìπ

·√ß∑’Ëæ¬“¬“¡®–À¡ÿπ«—μ∂ÿ„ÀâÀ¡ÿπ„π∑‘»∑“ß∑«π‡¢Á¡

π“Ãî°“ à«π·√ß F2 ‡ªìπ·√ß∑’Ëæ¬“¬“¡®–À¡ÿπ«—μ∂ÿ „Àâ

À¡ÿπ„π∑‘»∑“ßμ“¡‡¢Á¡π“Ãî°“´÷Ëß‡√“ “¡“√∂À“‚¡‡¡πμå

¢Õß·μà≈–·√ß‰¥â¥—ßπ’È

√Ÿª 4.15 · ¥ß·√ß°√–∑”μàÕ«—μ∂ÿÀ≈“¬·√ß√Õ∫®ÿ¥À¡ÿπ O

‚¡‡¡πμåμ“¡‡¢Á¡π“Ãî°“ (M2) = F2 × (OB)

‚¡‡¡πμå∑«π‡¢Á¡π“Ãî°“ (M1) = F1 × (OA)

(M3) = F3 × (OC)

‚¡‡¡πμå≈—æ∏å (ΣM) = M1 + M2 + M3
ΣM = -F1(OA) + F2(OB) - F3(OC)

À¡“¬‡Àμÿ

‡§√◊ËÕßÀ¡“¬∫«° (+) ·≈–≈∫ (-) · ¥ß∑‘»∑“ß¢Õß°“√À¡ÿπ‚¥¬

(+) ·∑π∑‘»∑“ß°“√À¡ÿπμ“¡‡¢Á¡π“Ãî°“

(-) ·∑π∑‘»∑“ß°“√À¡ÿπ∑«π‡¢Á¡π“Ãî°“

48. ‰¡â‡¡μ√¡«≈πâÕ¬¡“°·¢«π¥â«¬‡™◊Õ°‰«âà∑’Ë ‡°≈ 50 ´¡. ª√“°Ø«à“‰¡â‡¡μ√«“ßμ—«Õ¬àŸ„π·π«√“∫ ¡’·√ß 25

π‘«μ—π °√–∑”∑’Ë ‡°≈ 20 ´¡. ·≈–¡’·√ß 40 π‘«μ—π °√–∑”∑’Ë ‡°≈ 70 ´¡. ‚¥¬·√ß∑—Èß Õß ¡’∑‘»∑“ß≈ß„π

·π«¥‘Ëß ®ßÀ“‚¡‡¡πμå¢Õß·√ß∑’Ë°√–∑”μàÕ‰¡â‡¡μ√

«‘‡§√“–Àå‚®∑¬å «“¥√Ÿª ·≈â«„ à·√ß°√–∑”μàÕ‰¡â‡¡μ√

„π∑’Ëπ’È®ÿ¥À¡ÿπ§◊Õ®ÿ¥∑’Ë·¢«π‰¡â‡¡μ√

®“° M = F ×  l

‰¥â«à“ Mμ“¡ = 40 × 0.2

= 8 N.m

·≈– M∑«π = 25 × 0.3

= 7.5 N.m

¥—ßπ—Èπ ΣM = 8 + (-7.5)

∴ ΣM = 0.5 N.m (μ“¡)

¥—ßπ—Èπ ‚¡‡¡πμå¢Õß·√ß∑’Ë°√–∑”μàÕ‰¡â‡¡μ√‡∑à“°—∫ 0.5 π‘«μ—π-‡¡μ√ „π∑‘»μ“¡‡¢Á¡π“Ãî°“

49. §“πμ√ß ¡Ë”‡ ¡Õ AB ¬“« 4 ‡¡μ√ ¡’·√ß 50 π‘«μ—π °√–∑”∑’Ëª≈“¬ B „π·π«∑”¡ÿ¡ 37 Ì ·≈–¡’·√ß 20

π‘«μ—π °√–∑”∑’Ë®ÿ¥ C Àà“ß®“° A ‡ªìπ√–¬– 2 ‡¡μ√ ¥—ß√Ÿª ®ßÀ“º≈À¡ÿπ¢Õß·√ß∑—Èß Õß√Õ∫®ÿ¥ A
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