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אאא 
 

אא 
 אא 

 
 

 J15 J 

אאWאא 

אאWאאאאאW 
1K K 

2K אאאאאK 

אאWאאW 
1K אאKאאאK 

2K אאK 

3K אKאאאK 

4K אKאאK 

5K אK 

6K אאא 

7K אאאאאא،א
אK 

8K K 

9K אאK 

10K אאא،אא 

11K ،אאא
K 

12K אאK 

13K אאאאאאK 

14K אאKאאא
א 

15K אאאאאK 

16K אאאK 

אאW8K 



אאא 
 

אא 
 אא 

 
 

 J16 J 

אא 
 

אW 
א1 cm3א8 cm3א،

אKאאאאאאא
אKאW،אאא

אאא{W 
 
 
 

 
אאאאא( kg )א

،אאאאאאאאא
א،אאאאא

אאאK 

אW 
אאאאW،

 1 cm3؟אא 
אאא

אא،אאא
אאאKא

אאאW 
 

אWאא 

אWאא 



אאא 
 

אא 
 אא 

 
 

 J17 J 

אאאאW 
 

אZ 
 

אאאאאW 
 

F2-1E……………K 

 
mWאkg K 
VWאm3K 
ρWאkg / m3K 

אאאאkg / m3W 
 

א אkg/m3 א אkg/m3 
א 1.2  920 

א1.98  2700 

 1000 א 8890 

א 1025  7860 

אא 790  19300 

א 1260  10500 

א 13600 א 500 - 1000 

F2-1E 

א
א 


V

m
  =  ρ 



אאא 
 

אא 
 אא 

 
 

 J18 J 

F2-1EW 
א0.5 m3א،1350 kgא،K 

אW 

3m / kg  2700  =  
5 . 0

1350
  =  ρ

V

m
  =  ρ

 

 


אW 
אאאאK 

KאאF2-1Eאא 

 
אF2-1E 



אאא 
 

אא 
 אא 

 
 

 J19 J 

אאאאאאאאW 
1 J אאK 

2 J אK 
3 J אK 

אאאW 

 
אאאאאאאKKKKKKKKKKKKKK 

אאאאאא
אאאKאא( N )אאאK  

 
 

אWאאאאא 
אK 



אאא 
 

אא 
 אא 

 
 

 J20 J 

אאFאWE 
אא

אאא،אאאW
א،אאאאא

Wא–אKאאאW 
 
 
 
 

אאW 
אZאאא 

אאאאW 
 

F2-2EKKKKKKKKKKKKKKKK
 

WWא( N )K 
gWאאZ9.8 m/s2 K 
mWא( kg )K 

 
א 

אאאאKא
אFאאאאאאE،

אK 

אWאאK


×

gm =W  



אאא 
 

אא 
 אא 

 
 

 J21 J 

F2-2EW 
50א kg K 

אW 

N 490 = 8.9 × 50  =W  

  g  ×  m  =W  

s / m  8 . 9  =  g

kg 50  =  m
2

 

אאW 
אאאאא

אאאאא،אאK 
     א ،אא( 2-2)א ،א

אK 
 
 
 
 
 
 

א( 2-2) 
אאאאאאW 

1W؟א 
1WK 

2W؟אאא 
2Wאא،אW 



אאא 
 

אא 
 אא 

 
 

 J22 J 

 
 
 

אאW 
1 J  א   W   א אא א   אW

אK 

2 J Wאאאאא
،אאWאאK 

3 J Wאאאא
،WאK 

 
אאאאאW 

אאאא 
אאאאKאאאWאא

אאאK 
אאאא( 2-2)אL1אא

LΔאאFKאאאאא
،אאאאא،אא

א( 2-3)אאאאFאLΔK 
 

 
 

 
 

 
(2-3 )א 

אWאאאאאK 



אאא 
 

אא 
 אא 

 
 

 J23 J 

W 
F1E אFEאאא  

אFEאW 

 
 
 
 

F2E אFEא،א
 א  ، א א א     F  E א א

אאK 
אאW 

 
 
 

אאW 
אאZאא 

 
……………( 2-3 ) 

 
FWאאNK 
kWאאאN / mK 

LΔWאאmK 
 

אWא 
K 

אאאא 

×

LΔk   =  F



אאא 
 

אא 
 אא 

 
 

 J24 J 

( 2-3)W 
א9.8 Nאאאא،

980 N/mK 
אW 

m  01 . 0  =  
980

8 . 9
   =  L Δ

m

F
  =  L Δ

m/ N 980 =k         ,        N  8 . 9  =  F

 

 
 
 

( 2-4 )W 
א400 gא0.3 cmא،K 

אW 

  m / N  66 . 1306  =  
003 . 0

92 . 3
  =k    ∴

  
L Δ

F
  =k    

N  92 . 3  =  8 . 9  ×  4 . 0  =  F

 g  m  =  F

kg  4 . 0  =  
1000

400
  =  g 400  =  m

m  003 . 0  =  
100

3 . 0
  =  cm  3 . 0  =  L Δ



 

 
 
 



אאא 
 

אא 
 אא 

 
 

 J25 J 

אאW 
אאא

אאאאא،אאK 
אFEFEאאאא،FEא

FEאאא،W 
 
 
 

אאאW 
אאאאא

אאאאאאאא
א،אKא( 2-4 )אאאאאא

،אא
אאKאאאאא

FאאאאKE 
 
 
 
 
 
 
 

F2 J4Eא 
 

( 2-4 )א

،אאאאאאא
אאK 



אאא 
 

אא 
 אא 

 
 

 J26 J 

א،אאאא
אאאאאFאE،אא

אאאאא
אא،אK 

אFאE،אאאאא
א( 2-4 )אאאK 

אאW 
1 JאFאEאאא،0°c

א100°c K 
2 Jאא،F°32F°212K 

אאאאאW 
……….. ( 2-4 ) 

 
Tc WאאאאF°cE 

TFWאאאאFF°E 
אאאאK 
3 Jאאאאאאאא

SIKKאאאW273 K373 Kא 
W،F°KE 

אאאאW 
…………… (2-5 ) 

 
TWאא( K )K 

TcWאאאאF°cKE 

( ) ( )  40 + T  5  =  40 + T  9 Fc 

273  +  T  =  T  c 



אאא 
 

אא 
 אא 

 
 

 J27 J 

 
אאאאאאW 

 
…………. ( 2-6 )  

 
F2 J5EW 

אאאאא30°cK 
א 

( ) ( )
( ) ( )

F°86  =  
5

200  -  630
  =  T

630  =  200  +  T 5

40 + 30 9  =  40 + T 5

40 + T 9  =  40 + T 5

c30  =  T

 F

F

F

cF

°
c

 

( 2-6 )W 
אאאא61°F؟ 

א 

( ) ( )
( ) ( )

c11 . 16  =   
9

360  -  505
  =  T

505  =  360  +  T9

40 + 61 5  =  40 + T 9

40 + T 5  =  40 + T 9

F61  =  T

°
c

c

c

Fc

°
F

 

100

273  -  T
  =  

180

32  -  TF
 



אאא 
 

אא 
 אא 
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( 2-7 )W 
אאאאא25°c אא،؟K 

אW 

K298 = T

273  +  25  =  T

273  +  T  =  T

c25  =  T

c

°
c

 

 
אאאW 

אאאאאאאא
אאא،אא

אאK 
אאאאK 

אאאאאאא
אאאאאאאא( 2-5 )

W 
1 J אאאאL1אK 
2 J אאאאאאK 

3 J אK 

 
 
 
 

F2 J5E 
( 2-5 )



אאא 
 

אא 
 אא 

 
 

 J29 J 

אאאא،אא
אW 

1 J אאW،אאאא 

אאאKKKK 
2 J אאWאאא 

אאאאאאKKKK 
3 JאאWאאאאא 

אאאאKKKK 
 

אאW 
אאאאאαא

( 2-2 )אW 
 
 
 

אאאאאא1°c K



אאא 
 

אא 
 אא 

 
 

 J30 J 

 
אא( 1/°c ) 

א אא אא
α  ( 1/°c )γ  ( 1/°c ) 

10-5 אC1.7 10-5C5.1 

א 10-5C2.4 10-5C7.2 
א 10-5C2.9 10-5C8.7 

א 10-5C1.2 10-5C3.6 

א 10-5C1.1 10-5C3.3 

א 10-5C1.4 10-5C4.2 

א 10-5C1.9 10-5C5.7 

א 10-6C8.9 10-6C26.7 

אא10-6C9 10-6C27 

א10-6C3.2 10-6C9.6 

( 2-2 )אאאאאK 
 

אא 
אL1אT1°c ،

T2°cאL2אאאL1 – L2
אאW 

( )12112 T - T α L = L - L 
אאL1 – L2T2-T1אWΔLΔT،אΔ

אאאא،אאאW 
 

……………. ( 2-7 ) 
 
 

TΔ L α = LΔ 1 



אאא 
 

אא 
 אא 

 
 

 J31 J 

 
( 2-8 )W 

א20 mאא25°cאא100°c א،
אאאאא10-5 /°c  C 1.7K 

אW 

( )

m0255 . 0  =  LΔ

25 - 100 10 × 7 . 1 × 20  =  LΔ

 TΔ  α L  =  LΔ

c  / 10 × 7 . 1 =  α

c25  =  T

c100  = T

5-

1

°5-

°
1

°
2

 

 
אאW 

אT2°cאT1°cאV1אא 
V2 - V1V2אאא،א

אאאאאW 
 

…………….. ( 2-8 ) 
 

ΔV אאאV1 – V2K 
γ  אא( 1/°c ) K 

( 2-9 )W 
א1500 cm3אא25°cאאאא

85°c אא°c10-5 /C7.2 K 
אW 

TΔ α V = VΔ 1 



אאא 
 

אא 
 אא 

 
 

 J32 J 

( )
3

5-

1

°5-

°
2

°
1

3
1

cm48 . 6 = VΔ

25 - 85 ×10 × 2 . 7 × 1500 = VΔ

TΔ α V = VΔ

c / 10 × 2 . 7 =  γ

c85  =  T

c25  =  T

cm 1500 = V

 

 
אאאW 

אאאאאא
אאKW 

1 J אא
אאK 

2 J  א         א  א  
אK 

3 J אאאאאאא
אאK 

4 J אאא אאא
אאאאאK 

5 J  א  F א אא E א      
אאאא،אאא

א،אאFאאאEא
אאK 

 
 
 



אאא 
 

אא 
 אא 

 
 

 J33 J 

א 
 

F1EאאאW 
1 J אאאאW 

 JאK JאK JאK 
2 J אאאאאW 

 JאK JאK JאK 
3 J אW 

 JאאאK JאK 
 JאאK 

F2EF√EאאF×EאאW 
1 J אאאK 
2 J אZא×אK 

3 J אאאאK 

4 J אאאאאK 
F3Eא210 gא0.6 g/cm3א،W 

1 J NK 
2 J K 

F4E0.177 m3،g/cm3א 
1400 kgK 

F5E750 gאאא،9.8 m/s2، 
אא1.6 m/s2 א،W 

 JאאK   JאK 
 JאK    JאאK 

 JאאK 



אאא 
 

אא 
 אא 

 
 

 J34 J 

 
F6Eא0.009 N א3 cmא 

،אאאW 
 JאK 

 Jאא0.08 NאאK 
F7EאאאאK 

אאא°c10-5/ C1.7K 
F8EFEW 

 JאאאאאאK 
 JאאאאK 
 Jאאאאאאא 

אK 
F9EאאאאW 

FEאאW 
1 JאאאאK 
2 JאאK 
3 JK 

F2EאאאאאW 
 JאאK 

 JאאK 
 JאאאK 

F3E32°FW 
 JאK JאK JאאK 

 
F10Eאאאא95°אFאא 

אK 



אאא 
 

אא 
 אא 

 
 

 J35 J 

 
F11Eאא42°cאאאא 

אK 
F12Eא10 mא،100 cm3אW 

 JאאאK 
 JאאאK 
א20°c120°cW 
 °c10-5 /C1.2 α = °c10-5 /C3.6 γ = 

F13Eא250 mאאא40°c،א 
אאא10°אc، °c10-5 /C1.7 α =K 

 
 

 
 
 
 
 
 
 
 

 

 
 

 


