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1828

PbAuHgO2

N2HNO3Ag2SO4

H++Cl-CH4ON2.
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C
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Cu2++SO4
2Zn

H2O
Cu2+

 aq 

Cu. 

 

Zn, H3O
++Cl- 

H2

m
 H2 
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Na++OH-

Cu2++SO4
2-

Cu(OH)22Na++SO4
2-

  2(Na++OH-)  + Cu2++SO4
2-               Cu(OH)2   +   2Na++SO4

2- 

Cu2+

 
OH-

Cu(OH)2

Na+SO4
2-

 Cu2+ +  2OH-          Cu(OH)2              

NA

NA= 12g/ 1,993.10-23g =  6,02.1023   
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12g/mol.

  

n

NA=6,02.1023

AlS

 Al2S31Al
S

Al

 

Al2S3
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HHe
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C H

 

(g)  +       13/2  O2(g)       

 

CO2(g)    +    H2O( ) 

C H

 

(g)  +         O2(g)       

 

CO2(g)    +    H2O( ) 

 

C H6O( )  +       7/2  O2(g)       

 

2CO2(g)    +    3H2O( ) 

 

CO2H2O
C12H22O11O2

 

12CO2 (g)+ 11H2O ( )          C12H22O11  (s)    +    12O2(g) 

C12H22O11  CH2O

C12H22O11(s)      12C(s) + 11H2O( )   

- 
  

Zn (s) +  2(H++Cl-) aq     (  Zn2+ + 2Cl- )aq   +    H2(g)                                    

                                                               

2H2(g)       +     O2  (g)               2 H2O ( ) 

H2 (g)       +       Cl2 (g)               2 HCl(g)     

4HCl (g)      +          O2 (g)         2 H2O( )     + 2 Cl2(g) 

2Al (s)     +          3/2O2(g)             1 Al2O3(s) 

2Al  (s)    +        3 H2O( )   3 H2 (g)   +  Al2O3(s) 

C2H4 (g)  +       3  O2(g)       

 

2CO2(g)    +    2H2O( ) 
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OH-

Fe2+

 Fe2+

OH-+2 OH- Fe2+

Fe(OH)2

(Fe2+ + SO4
2-)aq +2( Na+ + OH- )aq  Fe(OH)2 (s)+( 2Na+ + SO4

2-)aq 

Fe2+
aq +2 OH- 

aq  Fe(OH)2 (s)                                                             

 

Pb2+I-

Pb I2 

(s)Pb2+
aq + 2I-

aq  PbI2 

H2

O2

(g)                     H2O ( )           1/2 O2 (g)         + H2 

mH2O = 3,6g

 

MH2O = 18g/mol 

 

      nH2O = mH2O / MH2O , nH2O = 3,6/18 = 0,2 mol           
MO2 = 32g/mol ; MH2 = 2g/mol 

1mol0,5molO21mol H2

0,2 mol0,1mol O20,2mol H2

nO2 = 0,1mol ; nH2 = 0,2mol

    2CO (g)2C (s)    +   O2 

C
O2CO
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2CO  1O22C
2mol1mol2mol 

nCO = ?1molnC= ? 

 nC = 1 2/1 = 2mol
nCO = 1 2/1 = 2mol 

C

O2CO2

10/5 = 2/1

 

+ O2 (g)  2NO2(g)    2 NO (g)   

NO

O20,8NO0,4O2

0,8/0,4 = 2/1

 

2Fe    +   O2         2 FeO                     

Fe

O2Fe

O2

O2FeO2

13/2 = 6,5 molO210-6.5 = 3.5mol 
MFeO = MFe + MO  

MFeO = 56 + 16 = 72g/mol   

nFeO = 13mol
mFeO = nFeO . MFeO   ,    mFeO = 13 

 

72 = 936g                                                         

   



 

22

   

CH
NSCl

C

 

M(C9H8O4)   = 180g/mol ;   M(C6H6) = 78g/mol;  M(CH4ON2) = 60g/mol 
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C 

CH

 

C
C

 

CO2

CO
C

O

 

4
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CH4 C6H14

C2H6C7H16

C3H8C8H18

C4H10C9H20

C5H12C10H22
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CH4 

C2H6

 

C3H8

C4H10

C5H12

 

C2H4

 

C3H6

C4H8

C5H10

C6H12

H

 

H

 
H

 

C 
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     C4H10   + 13/2O2     4CO2     + 5H2O    

  
890kJ

212918cal ˜ 213kcalQ=1cal=4,18J

- CH4   + O2      C +2 H2O 
CH4  +3/2  O2   CO +2 H2O

CH4 +1/2 O2 

 

CO + 2H2-  
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C4H6O3 + C7H6O3  C9H8O4  +  C2H4O2                                             

m=5g
M= 7 12+6 1+3 16= 138 g/mol

n=m/M= 5/138= 0,0362mol = 36,2mmol 

C5H12O + C2H4O2  C7H14O2 + H2O                                             
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H
h1,h2,h3,h4,h5
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h 

Rf

h/H 

Rf1=h1/H ; Rf2=h2/H ;….
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CH 

C % = mC.100/m
mm= 1t=1000kg mC

 

, mC=820kgmC = C %.m/100 = 82.1000/100

 

C3H8 

C6H14

C4H10

 

C7H16 
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….-CH2-CH2- CH2-CH2- CH2-CH2- CH2-CH2-

    
  C5H12 

  
CnH2n+2 

 

C5H12

   

C5H8CnH2n-2
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C4H10 

C2H4

C2H2

+ 800kcalC6H6(g) + 15/2O2(g)  6CO2 (g)+ 3H2O(l) 

3H2O6CO215/2O2C6H6

3mol6mol15/2mol1mol 
7,5 24L 24L 
vO2= ?L1,2L

vO2= 1,2 7,5 24 / 24,   vO2= 9L                                                             
800kcal1,2mol

nC6H6 =vC6H6/VM , nC6H6=1,2/24=0,05mol
Q= 0,05 800kcal =40 kcal =167 J                                     

.
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CO2  H2O   C6H12O6        O2

6CO2 + 6H2O      C6H12O6    +   6 O2                      

                     

 
   12CO2 + 11H2O           C12H22O11      +    12O2 

C6H6

 

Mg/mol 
d 

(CH4)16g/mol 16/29=0,55

 

(C2H6)28g/mol28/29=0,96
(C3H8)44g/mol44/29=1,52
(C4H10)58g/mol58/29=2,00
(C5H12)72g/mol72/29=2,48

(C6H14)84g/mol84/29=2,90



 

34

 
- 

69°C
- 

150°C
174°C

LRf

Rf=h/HHh

hH  
Rf=h/H

9/10 = 0,9 

69°C

 
98°C

126°C
174°C



 

35

 
I

CO2 

 

H2O
+ QCH4 + 2O2  CO2 +2 H2O
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C7H16 

C7H16 +11 O2   7 CO2 +8 H2O + Q’

C18H38 

 

CH4 C7H16C18H38
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II
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III
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2 
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A

 

A’

1 

 

A

 

A’
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ir

 
i=f(r)

sin i=f(sin r)

 
i r

 

i<20° 

 

ir

  

isin i /sin rsin i
sinra= sin i /sin ra
sin i=f(sin r)

.

sin i/sin r
n1.sin i=n2.sin r

sin i=n.sin r
n1=1n

n=C/VC
V

sin i=f(sin r)

sin i=f(sin r)
ir

sin i=n.sin rn=sin i/sin r

 

r
42°49°i90°

ri
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i42°

l 
n1.sin 90 =n2.sinl

sin l = n1/n2sin 90°=1
n1n2

sin l = 1/n n

 

n=1,5sin l = 1/1,5=0,66

 

l=41,8°

n=1,33sin l = 1/1,33=0,75

 

l=48,7°

n=1,36sin l = 1/1,36=0,73

 

l=47,3°

°l 
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(loupe)
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D 

 
f

DD’

 

A’B’AB

O

 

F’ F 

 

O

 

F’ F 

 

O

 

F’ 

F 

  

F’

 

F

 

O

 

A

 

B

 

A’

 

B’
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Animédu

  

A’B’AB F’ 
B’ 

A’B’

  

A’ 

B’

 

F’

 

F

 

O

 

A

 

B
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i

 

r = 90°
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i

i

n=sin i/sin r

n2>n1>n3

n.sin 48,7=sin 90n=1/sin 48,7=1/0,75˜ 1,33 
i=0 r=0 

sin 40=1,5.sin i2sin i2=sin 40/1,5˜ 0,43
i2˜ 25,5°

n.sin 35,2=sin 50n=sin 50/sin 35,2˜ 1,33  

 sin 20=n.sin 18 n=sin 20/sin 18˜ 1,1 

n=C/VV=C/nV= 300000/1,1˜ 272727,3km/s

C

i=90-62=28°sin 28=1,33.sin r
sin r =sin 28/1,33=0,469/1,33˜ 0,53r ˜ 21°

 

sin 30=n’.sin 21n’=sin 30/sin 
21=0,5/0,358˜ 1,4
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r=90-42=48°

1,33.sin i=sin rsin r=1,33.sin 48=0,988r ˜ 81° 

                   
n=1

 

n=1,33

 

42°

   

A

 

B

 

A'

  

F’

 

F
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AB=5cmA’B’= -1cm= -1/5?=OA’/OA

OA=-5OA’ 
1,2m

AO+OA’=5OA’+OA’=6OA’=1,2 
OA’=0,2m=20cmOA= - 100cm 

    

OF’=25cmC=1/0,25=+4

   

OA’=5mC=+10
OF’=1/10=0,1m=10cm

OA=-10,2cm

  

?=OA’/OA=500/-10,2=-49
(3,6x2,4)x49=176cmx118cm

1,76mx1,18m

 

1,5mx2m 
1,76m 2m

  

A’B’ AB C=10

 

OF’=1/C=1/10=0,1m=10cm

 

OA’=-90cm

 

?=OA’/OA=-90/-9=10
A’B’=10x0,2=2mm 

1

 

OA’ 

1

 

OA 

1

 

OF’ 

=

 
+

 

1

 

OA’ 

1

 

OA 

1

 

OF’ 

=

 

+

 

1

 

OA’ 

1

 

OA 

1

 

OF’ 

=

 

+
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!
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S

 

S 

S
S

AB

S
SB
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S

   

S
AB

SB

  

ABS

 

S

S
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M 
S

S
M

   

S
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ox

 oy

 
xA= 50cm t1 = 1,70s

B80cmxB=2,70st2=  

 

d=xB-xA = 80-50=30cmt=t2-t1=2,70-1,70=1s 
v=d/t, v=30/1= 30cm/s

(v= 0,30 m/s)
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v=d/t 
T

=v.TT=1/f=v/f

AB

 

= AB= 30cm
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f

0<f<20Hz

 

20Hz<f<20000Hz

 

f>20000Hz

  

1 ms/Div 5V/Div 

 

T

 

T
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2Div

1ms
  , T=2 10-3 s            

 
T=2Div 1ms/Div = 2ms 

,   f= 0,5 103= 500Hz             f=1/T = 1/ 2 10-3 

  

T1=2Div 0,5 ms/Div
T1= 1ms = 10-3s

 

f1=1/T1 = 1000Hz 

 

T2=2Div 0,5 ms/Div
T2= 1ms = 10-3s

  

f2=1000Hz 

d

 

t
d

0,5 ms/Div 5V/Div 

   

T1

 

T2 
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v=d/ t                  

           

t 

B 

A 
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62

 
        f=1/T= v.T=v/f            

        1   = v1.T1 

1= 331 1 = 331 m/s           ;    2= v1.T2  = 331 2 = 662 m/s   
   …..      

 
Ts

 
1 2 3 4 5 

 
fHz

 
1,0 0,5 0,33 0,25 0,20 

 

m

 
331 662 993 1324

 
1665 

 

m

 

1430 2860 4290 5720

 

7150 

 

m

 

5200 10400 15600 20800 26000

 

v = Mach2 = 2 340 = 680 m/s  

  

v = 680 3600/1000 = 2448 km/h          

d=v.t ; d= 340 3= 1020m                                        
d’=v.t’ = 340 10=3400m 

v=d/t ; v= 19000/56=339m/s

 

vH2 ˜ 970m/s  

vO2˜ 320m/s ; vN2˜ 344m/s  
335m/s

 

˜v
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T=2Div 20ms/Div 
T=40ms=40 10-3s = 25Hz f=1/T, f=1/40 10-3 s 

2,6Div2,0V/Div
UMax = 2,6Div 2V/Div = 5,2V 

20- 500Hz

  

500- 3000Hz

  

3000- 20000Hz

     

T

 

UMax 
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; 2 = v/f2 ; …                 1 = v/f1 

v=340m/s

f1=10Hz ; f2=30000Hz

                         
Hz

 

f1=20Hz f2=500Hz f3=3000Hz f4=20000Hz 

1=17m 2=0,68m 3=0,11m 3=0,017m 
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.

  

C
C =1/OF’ 

  

20cmC=1/0,20=5

 

C> 0
C< 0

 

1

 

2

 

1

 

2
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67

 

(Léon Batista) (Léonard de Vinci) 

(diaphragme)

  

(Nicéphore Niepce)
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»

 

«  

)
 (

    

(w) 

(J)(Kwh)
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We

kWhThermie

 

770,44DA 

340,39DA 
8,56DA

770,44/30=8,56DA

 

We

 

= 60s ?tWe=2,6x10=26Wh=26x3600J=93600J=93,6kJ

 

Pr=We/ t=93600/60=1560W
1600W

(DA) 
(DA)

 

1251,6171563,799119,10  913 ,86

kWh/The
rmie

           
281

   
1,00

 
281

 
21834

 
22115

 
008451 

   
E01    
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l’oscilloscope

 

Animédu
oscilloscope

 

GBF6V 6V 4,24V 
GBF10V 10V 7,07V

 

4,5V 4,5V 4,5V 

Ueff

UM2UM=Ueff
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Pr

Ueff(V) Ieff(A)Ueff.Ieff(V.A)
 P (W)

2300,3375,975

2245,361200,641200
2252,66598,5 600
2241,98443,52400
2260,15635,25630
2237,141663,621400

2222,53561,66500

 

We Q 

  

We W 

Q 
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P=Ueff.Ieff  

P < Ueff.Ieff 

 

Pr

Ueff.Ieff

  Pr = Ueff.Ieff 

         Pr< Ueff.Ieff
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UAB=f(I)

 
UAB=R.I

 
P=U.IWe=P. t

Q=R.I2. t 

Ueff=R.IeffP=Ueff.IeffQ=R.I2
eff. t  

 

UAB= E’+r.IE’r

E’

 

IE’UAB

Pr

Pr =E’.I+r.I2Q=r.I2 

t
Ei= E’.I. t 

Q= r.I2. t 

     

We 

Ei Q 
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W 

(220V)

 

I=220.PI=P/220I=220/P
20O

5A
100W0,5kW2kW

200V
50A

50kW10kW4kW
16kW

400V

40A40A40A  

1kWh3,6.103J /3,6.106J 
1Wh3,6.103J /3,6.106J
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0,1mW 

3MW  
 1,5kW

 1100MW
(TGV)60W

   

  U= R.I 
Ueff= 47x0,127=5,969˜ 6V

   

2476,8DA

P =Ueff.Ieff  =R.I2
eff= 68x0,52= 17W

 

P’=68x0,452= 13,77W  

Q=P.t= 17x8x3600=489600J=4896kJ 
Q’=P’.t= 13,77x8x3600= 396576J=396,58kJ        

  

We = 100J

  

Ei = 75J 

   

Ei = 15J 
We= 10J 
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I=18A

E’=U-r’I= 356,8V
Pm=E’.I= 356,8x18=6,4224kW 

Q=R.I2.t=2,4x182x24x3600˜ 28MJ 
= 6,4/7,2x100=88%

 
P=Ueff.IeffI1=P1/Ueff=2,5.103/220=11,36AI2=P2/Ueff= 

1,6.103/220=7,27A 
Ueff=R.IeffR1=220/11,36˜ 19,4R2=220/7,27˜ 30,3

 

Pr=Ueff.Ieff=R.I2
eff=22,6x11,32˜ 2,9kW

Q=Pr.t=2,9.103x1,5x3600=15660kJ 
Ieff=P/Ueff=1000/220=4,54AR=Ueff/Ieff=220/4,54˜ 48,5

 1x5x47x4=940DA 

Ieff=P/Ueff=75/220=0,34A
R=Ueff/Ieff=220/0,34˜ 647

Q=R.I2.t=647x0,342x3x3600˜ 807,8kJ 

We= 5x2=10Wh=36000J 
We=P.t P=We/t=36000/36=1000W 

(4,5x700+6x1500+4x1000+8x150+0,3x1000+5x100)=18150Wh 
18150x365=6624,75kWh 

3000/15=6000/30=9000/45=200V

6000W

 

3000W6000W9000W

 

18749,3DA18386,82DA18886,82DA

PMDPuissance Moyenne Domestique
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=Wm/Q 
Wm

tWm = Pm.? t

   

Q Wm 

Q’ 

 

Ec 
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Pm(W)

Q
Q = Pr.? t  

Pr
Q = Wm+Q’ Q’

 

Turbine à vapeur

  

Q’=Q1+Q2+Q3

 

Q’

    

Q 
W

 

Q1 

 

We 

Q3 

 

Q2 
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Pr

 
?= Pe/Pr Pr =Pe/Pr = 600/0,45 ˜ 1333MW 

P’
P’ =Pr-Pe = 1333-600=733W
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Q2
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LM2

M1

  

(We)
(W)

(W)
(We)    

M
W
e

 

Wm

 

Q1

 

W
M L

 

W

Q2

 

Q3
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(le radiateur)

(alternateur)

Ep=Mgh=WM=W/g.hM=150kg 
11kgQ=11x1,8.104=19,8.104kJ 

=W/Q= 2250/198.106=0,001%
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Ep=Mgh=WmWm=200x10x17,5=35000JWm=Pm.t
Pm=Wm/t=583,3W 

t3

Wm=Pm.t=18x3600x103=64800kJ 
Mgh=WmM=Wm/g.hM˜ 2,6t

2,6

= 1x 2=0,49x0,95˜ 0,47˜ 47%  

  Pr=2,8x7,8.103/24Pr=910MW
Pe

Pe=0,40x910=364MW  

PrPr=Pm/
Pr= 26/0,35˜ 74kW 

P’P’=74-26=48kW  

= 1x 2=0,43x0,95˜ 0,41
=41% 

V’=7,9x90/100=7,11L
22,75.107J 

 

Ei=7,11x3,2.107=
Pr=Ei/t=22,75.107/3600=63,2kW

PmPm= 1xPr= 0,43x63,2=27,2kW
 P’m=63,2-27,2=36kW  
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220V6V9V12V

UEUS=0
US>UE

US<UE 

  

R
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PePJ

 
PJ=R.I2

P=Pe-PJ=Pe-R.I2 

        



 

86

       

t=0T=60°C  

t=0T=45°C 

t(mn)

 

51015203045

 

55

 

T(°C)605855,55453484442 
T(°C)6056525049423932 

t(mn)

  

T(°C)4543,54240383736
T(°C)45424038373534
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5000L
1500L

68750DA
20625DA
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(laine de verre)
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 UM1=10VUM2=6V 

q=UM2/UM1q=0,6
N2/N1=300/500=0,6N2/N1=q

     

courant de convection 

  

20°C
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I

  

 (spot) 

    

Ueff = 6VUeff =12V

  

bobine
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II 

    



 

92

 
III

 

CFC 

sublimation

       




