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2 H download 2
3 toki/thermodynamics.pdf [1] [2] [3] Q = mc (1) C gr Q C = 1cal/gr deg m C Q 10 C 10gr 20 C 10gr 20gr Q =10 1 ( 10) =10 1 (20 ) =15 C 10 C 10gr 20 C 10gr C = 0.03cal/gr deg 3
4 =10 1 ( 10) = (20 ) 10 = 0.03(20 ) (2) = 10.6/1.03 = C 10gr 50 C 100gr C = 0.03cal/gr deg 20 C 100gr 50 C 500gr 0 C 100 C = a (3) a 0 K = 273 C (4) K K t C = t (5) 4
5 30 C K ( ) K = 303 K (6) l n = nr (7) R R = 8.3J/mol K : 0 C N/m 2 1J = Nm = ( ) (8) = = [m 3 ] = 22.4l 0 C l 1.43gr R 5
6 2.3 W Q W Q = J = 4.2J/cal (9) cal (U B U A ) Q W Q + W = U B U A (10) 20 C, 50gr 200cal 84J W/Q = 4.2J/cal (11) Q = 84J/(4.2J/cal) = 20cal ( )cal = 50 ( 20) (12) = 24.4 C. Kgr m 6
7 m Q W U δq + δw = du (13) δ d 7
8 5000 = nr δw = d (14) d δw d d S F = F/S x W = F x S x = Sx W = S x = x δq = du + d (15) δq 8
9 d = 0 δq = du (16) U = mc δq = U2 U 1 du (17) U = mc Q = U 2 U 1 (18) Q = mc( 2 1 ) (19) Q 1 2 δq = du + d = d(u + ) (20) Q (U + ) 1 (U + ) 2 Q = (U + ) 2 (U + ) 1 (21) 9
10 H H = U + (22) δq = 0 du + d = m N/m 2 100cal 10cm δq = du + d (23) δq = 100cal d = N/m m 2 0.1m (24) = 3 10Nm = 30J = 30/4.2cal = 7.1cal (25) du = 100cal 7.1cal = 92.9cal du = 390J n W = 2 1 d = ( 2 1 ) (26) 10
11 = nr (27) 1 = nr 1 / 2 = nr 2 / W = (nr 2 / nr 1 / ) = nr( 2 1 ) (28) W = 2 1 pd = 2 1 nr ( ) d = nr log 2 1 (29) 20 C 30 W = 2 1 d = 2 1 nr W = nr log ( ) 1 2 ( ) d = nr log 2 1 (30) 1 1 = nr = 2 2 (31) 1 2 = 2 1 (32) = ( ) log(30/1) = 8280J (33) 11
12 3.2 δq = du + d (34) 3 3 U = U(, ) (35), Q = mc( 2 1 ) (36) du U du(, ) = U(, ) d + U(, ) d (37) d d U(, ) = 12 ( ) U (38)
13 U δq = = ( ) U ( ) U ( ) U d + d + d (39) [ ( ) ] U d + + d d d = 0 δq = ( ) U d (40) C C = ( ) U (41) J/mol K gr c v = ( ) U cal/gr K 32 C C v U = U(, ) 13
14 ,, U ( ) ( ) U U du(, ) = d + d (42) ( ) ( ) d (, ) = d + d (43) ( ) ( ) [( ) ( ) ] U U δq = d + d + d + d (44) [( ) ( ) ] [( ) ( ) ] U U = + d + + d δ = 0 [( ) ( ) ] U δq = + d (45) ( ) ( ) U C = + (46) C C d ( ) [ ( ) ] U U δq = d + + d (47) = ) ( U d + [ + ) ( U 14 ] (( ) ( ) ) d + d
15 d = 0 ( ) [ ( ) ] ( ) U U δq = d + + [ ( ( ) ) ( ) ] U = C + + d d (48) ( ( ) ) ( ) U C = C + + (49) C C du = ( ) U d + ( ) U [ ] C C = C d + ( ) d d (50) 3.3 = nr (51) n R R = 8.31J/mol K C C, 15
16 δq = 0 δw = 0 du = δq + δw = 0 (52) U 1 U 2 ( ) U = 0 (53) C = C + ( ) (54) ( ) = ( ) (nr/ ) = nr/ (55) C C = nr (56) C C C = 120J/mol K C 4 16
17 4.1 A B D C Figure 1: Q 1 Q Q 1 = Q 2 17
18 Q 1 Q 2 = W Q 1 1 = Q 2 2 (57) Q 1 1 Q 2 2 A4 1 = 80 C 2 = 20 C Q 1 = 400cal Q Q 1 / 1 Q 2 / 2 Q 2 Q 1 δq = ds (58) 18
19 S ds δq = ds (59) Q = (S 2 S 1 ) (60) S 1 S 2 δq = du + d (61) ds = du + d (62) 19
20 ds = du + d (63) du = C d (64) = nr (65) ds = C d + nrd (66) S 0 S = C log + nr log + S 0 (67) 5 Sd = du + d (68)
21 ,, S ds = 0 d = du (69) d = d(u S) (70) F = U S (71) δw ds = du + d + δw (72) δw = d(u + S) (73) G = U + S (74) 21
22 5.2 du = ds d (75) S du(s, ) = ( U S ) ds + ( ) U = S ( ) U = ( ) U d (76) S S (77) ( ( ) ) ( ( ) ) U U = = 2 U(S, ) (78) S S S S S ( ) ( ) = S S (79) S d(s ) = Sd + ds (80) S 22
23 S d(u S) = Sd d (81) F = U S (82) F df (, ) = ( ) ( ) F F d + d (83) F S = = ( ) F ( ) F (84) S ( ) S = ( ) (85) df d( ) = d + d (86) d(f + ) = Sd + d (87) 23
24 G = F + = U S + (88) S S = = ( ) G ( ) G (89) ( ) S = ( ) (90) d( ) = d + d d(u + ) = ds + d (91) S dh(s, ) = H = U + (92) ( ) H ds + S ( ) H d (93) S = = ( ) H S ( ) H S (94) 24
25 ( ) = S ( ) S (95) ( ) ( ) S ( ) S ( ) S S ( ) = S ( ) = ( ) = ( ) = S (96) S S S, S,, 4, S, S,,, S,, S H = U + (97) 25
26 dh(s, ) = ( ) H ds + S ( ) H d (98) S ( ) H = (99) S ( ) H = S ds = du + d (100) S, du = ds d (101) H = U + (102) dh = du + d + d = ds + d (103) = = ( ) H S ( ) H S (104) ( ) ds = C d + d (105) 26
27 ds du + d du du = ( ) ( ) ( ) U U U d + d = C d + d (106) ds = du + d = C d + [ + ( ) ] U d (107) U = ( ) F F = U S = ( ) ( ) U S = ( ) ( ) U + (108) (109) ds = C d + ( ) d (110) ds = C d ( ) d (111) du = ( ) U d + 27 ( ) U d (112)
28 d = ( ) ( ) d + d (113) ds = du + pd (114) [( ) ( ) ] [( ) ( ) ] U U = + d + + d δq = d(u + ) C = ( ) G ( ) ( ) ( ) U S = + + (115) ( ) S ds = C d + ( ) = C d d (116) F F = C log nr log (117) = ( ) F = nr 1 d (118) = nr (119) 28
29 S = ( ) F F = U S = C log + C + nr log (120) U = F + S (121) = C log nr log + (C log + C + nr log ) = C [ ( ) ] F U = 2 (122) U = 2 ( F 6 ) F 1 2 = S + F = U (123) ds = du + d (124)
30 1 2 1 > 2 Q S 1 = Q 1 (125) S 2 = Q 2 (126) ( 1 S = S 1 + S 2 = Q 1 ) > 0 (127) < 2 Q < 0 30
31 0 C, 3kg 100 C 100 C (J/K) 3kg 3000cal/K 0 C 100 C S 1 = d 373 = 3000 log = 936cal/K (128) 273 S 2 = /373 = 804cal/K (129) S = S 1 + S 2 = = 132cal/K = 554J/K (130) 40 C 5kg -10 C 1kg 1cal/gK 0.5cal/gK 80cal/g 5kg (40 ) = 1000 ( ) (131) = ( )/6000 = 19 (132) 19 C 5kg Q 1 = d = 5000 log = 347cal/K (133) Q 2 = 1000 (0.5 log /273 + log ) (134) = 1000 ( ) = 379cal/K = 32cal/K = 134J/K (135) 31
32 6.2 δq = du + d (136) δq = ds (137) ds = du + d (138) δq < ds (139) δq = du + d (140) ds > du + d (141) 32
33 F = U S du < ds d (142) df = du ds Sd (143) df df < Sd d (144) d = d = 0 df < 0 (145) df = 0 G = U S + = F + dg = du ds Sd + d + d = df + d + d (146) dg < Sd + d (147) d = d = 0 dg < 0 (148) dg = 0 33
34 6.3 U 1 + U 2 = U (149) = N 1 + N 2 = N S = S 1 (U 1, 1, N 1 ) + S 2 (U 2, 2, N 2 ) (150) δu, δ, δn U 1, U 2 U 1 + δu, U 2 δu (151) 1, 2 N 1, N δ, 2 δ N 1 + δn, N 2 δn S = S(δU, δ, δn) (152) S δu = 0 (153) S δ = 0 S δn = 0 ( ) ( ) S1 S2 = 0 (154) U U,N 34,N
35 ( ) S1 ( ) S1 N U,N,U ( ) S2 ( ) S2 N U,N,U = 0 = 0 ds = du + d (155) ds = du + d µdn (156) ds = 1 du + d µ dn (157) ( ) S U ( ) S,N = 1 (158) ( ) S N U,N U, = = µ 1 = 2 (159) 1 = 2 µ 1 = µ 2 35
36 7 7.1 G g = G g (, ) (160) G l = G l (, ) G G Figure 2: 36
37 ( ) Gg S g = (161) ( ) Gl S l = G S = S g S l (162) S G = U S + S U G G G ( ) Gg g = (163) l = ) ( Gl = g l (164) G ( c, c ) G g ( c, c ) = G l ( c, c ) (165) 37
38 ( c +d c, c +d c ) ( c, c ) Figure 3: ( c, c ) c, c, c, c ( c, c ) ( c + d c, c + d c ) G g ( c, c ) = G l ( c, c ) (166) G g ( c + d c, c + d c ) = G l ( c + d c, c + d c ) ( c, c ) G g ( c + d c, c + d c ) = G g ( c, c ) + G l ( c + d c, c + d c ) = G l ( c, c ) + ( ) ( ) ( ) Gg Gg Gl d c + d c = 38 ( ) Gg d c + ( ) Gl d c + d c + ( ) Gg d c (167) ( ) Gl d c (168) ( ) Gl d c (169)
39 d c = d c S (170) Q = c S d c = c d c Q (171) 7.2 = NR N v = R N (172) v = /N ( + a )(v b) = R (173) v2 a b d dv = d2 dv 2 = 0 (174) 8a c = 27R N b a c = 27b 2 v c = 3b 39 (175)
40 Figure 4: t = c (176) p = c u = v v c a, b (p + 3 )(3u 1) = 8t (177) u2 ( + a )(v b) = R (178) v2 d dv = d2 dv 2 = 0 (179) 40
41 ( c, c, v c ) t = c (180) p = c u = v v c a, b (p + 3 )(3u 1) = 8t (181) u2 7.3 a, b c F g ( g ) = F l ( l ) c ( g l ) (182) G g ( c ) = F g ( g ) + c g = F l ( l ) + c l = G l ( c ) (183) F ( ) = F ( 0 ) 41 0 ( )d (184)
42 2 c 1 Figure 5: g 0 l F g ( g ) = F l ( l ) g g l ( )d (185) l ( )d = c ( g l ) (186) = c (Maxwell construction) G( ) = G( 0 ) + G ( 1 2 G g ( c ) = G l ( c ) + c ( )d (187) + ) c 1 2 ( )d (188)
43 ( 1 2 ) c + + c 1 2 ( )d = 0 (189) 8 4 ds = du + d (190) U S 43
44 [4] References [1] 1993 [2] (1995) [3] 1997 [4] 2009) 44
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        September 25, ( ) pv = nrt (T = t( )) T: ( : (K)) : : ( ) e.g. ( ) ( ): 1
    

    
        
        September 25, 2017 1 1.1 1.2 p = nr = 273.15 + t : : K : 1.3 1.3.1 : e.g. 1.3.2 : 1 intensive variable e.g. extensive variable e.g. 1.3.3 Equation of State e.g. p = nr X = A 2 2.1 2.1.1 Quantity of Heat    

    
        More information 
    




    
        i 18 2H 2 + O 2 2H 2 + ( ) 3K
    

    
        
        i 18 2H 2 + O 2 2H 2 + ( ) 3K ii 1 1 1.1.................................. 1 1.2........................................ 3 1.3......................................... 3 1.4....................................    

    
        More information 
    




    
        P F ext 1: F ext P F ext (Count Rumford, ) H 2 O H 2 O 2 F ext F ext N 2 O 2 2
    

    
        
        1 1 2 2 2 1 1 P F ext 1: F ext P F ext (Count Rumford, 1753 1814) 0 100 H 2 O H 2 O 2 F ext F ext N 2 O 2 2 P F S F = P S (1) ( 1 ) F ext x W ext W ext = F ext x (2) F ext P S W ext = P S x (3) S x V V    

    
        More information 
    




    
        6 6.1 B A: Γ d Q S(B) S(A) = S (6.1) T (e) Γ (6.2) : Γ B A R (reversible) 6-1
    

    
        
        6 6.1 B A: Γ d Q S(B) S(A) = S (6.1) (e) Γ (6.2) : Γ B A R (reversible) 6-1 (e) = Clausius 0 = B A: Γ B A: Γ d Q A + d Q (e) B: R d Q + S(A) S(B) (6.3) (e) // 6.2 B A: Γ d Q S(B) S(A) = S (6.4) (e) Γ (6.5)    

    
        More information 
    




    
        
    

    
        
        6      12   10661 93100 227213202 222208197 85kg cm 20 64.521 106856142 2 1 4 3 9767 100 35 cm 7747 208198 90kg 23 5828 10661 93100 cm 227213202 10639 61 64.521 85kg 78kg 70kg 61 100 197204.5 cm 15 61    

    
        More information 
    




    
        <82D282A982C1746F95F18D908F57967B95B E696E6464>
    

    
        
        1 2 (90cm 70cm 2015) 3 (68cm 28cm 30cm 12kg 2015) (77.5 109.5cm 2015) 4 (22cm 50cm 50cm 4.6kg 2015) (45cm 62.5cm 2015) (47.4cm 62.5cm 2014) 5 (28.5cm 23.5cm) (45cm 62cm 2015) (97cm 107cm 2015) 6 7 8 9    

    
        More information 
    




    
        秋植え花壇の楽しみ方
    

    
        
            

    
        More information 
    




    
        180 140 22
    

    
        
        21 180 140 22 23 25 50 1 3 350 140 500cm 600 140 24 25 26 27 28 29 30 31 1/12 8.3 1/15 6.7 10 1/8 12.5 1/20 140 90 75 150 60 150 10 30 15 35 2,000 30 32 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 % 100 50 33.3    

    
        More information 
    




    
        1
    

    
        
        I II II 1 dw = pd = 0 1 U = Q (4.10) 1K (heat capacity) (mole heat capacity) ( dq / d ) = ( du d C = / ) (4.11) du = C d U = C d (4.1) 1 1 du = dq + dw dw = pd dq = du + pd (4.13) p dq = d( U + p ) p (4.14)    

    
        More information 
    




    
        
    

    
        
        2013 25 9 i 1 1 1.1................................... 1 1.2........................... 2 1.3..................................... 3 1.4..................................... 4 2 6 2.1.................................    

    
        More information 
    




    
        P P P P P P P P P P P P P
    

    
        
        P P P P P P P P P P P P P 1 (1) (2) (3) (1) (2) (3) 1 ( ( ) ( ) ( ) 2 ( 0563-00-0000 ( 090-0000-0000 ) 052-00-0000 ( ) ( ) () 1 3 0563-00-0000 3 [] g g cc [] [] 4 5 1 DV 6 7 1 DV 8 9 10 11 12 SD 13 .....    

    
        More information 
    




    
        3.2 [ ]< 86, 87 > ( ) T = U V,N,, du = TdS PdV + µdn +, (3) P = U V S,N,, µ = U N. (4) S,V,, ( ) ds = 1 T du + P T dv µ dn +, (5) T 1 T = P U V,N,, T
    

    
        
        3 3.1 [ ]< 85, 86 > ( ) ds > 0. (1) dt ds dt =0, S = S max. (2) ( δq 1 = TdS 1 =0) (δw 1 < 0) (du 1 < 0) (δq 2 > 0) (ds = ds 2 = TδQ 2 > 0) 39 3.2 [ ]< 86, 87 > ( ) T = U V,N,, du = TdS PdV + µdn +, (3)    

    
        More information 
    




    
        2 p T, Q
    

    
        
        270 C, 6000 C, 2 p T, Q p: : p = N/ m 2 N/ m 2 Pa : pdv p S F Q 1 g 1 1 g 1 14.5 C 15.5 1 1 cal = 4.1855 J du = Q pdv U ( ) Q pdv 2 : z = f(x, y). z = f(x, y) (x 0, y 0 ) y y = y 0 z = f(x, y 0 ) x x =    

    
        More information 
    




    
        現代物理化学 2-1(9)16.ppt
    

    
        
        --- S A, G U S S ds = d 'Q r / ΔS = S S = ds =,r,r d 'Q r r S -- ds = d 'Q r / ΔS = S S = ds =,r,r d 'Q r r d Q r e = P e = P ΔS d 'Q / e (d'q / e ) --3,e Q W Q (> 0),e e ΔU = Q + W = (Q + Q ) + W = 0    

    
        More information 
    




    
        取扱説明書[d-01G]
    

    
        
        d-01g 1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 T 18 1 2 19 3 1 2 4 3 4 20 21 1 2 3 4 22 1 T 2 T 1 T 2 T 23 1 T 1 2 24 25 1 2 26 1 T 27 1 2 3 1 2 3 28 29 30 1 2 1 2 31 1 2 3 32 1 2 3 4 5 1 2 3 4 33 1    

    
        More information 
    




    
        1
    

    
        
            

    
        More information 
    




    
        
    

    
        
            

    
        More information 
    




    
        2016_H1-H4_コーフ<309A>き<3099>ふCSR報告書.indd
    

    
        
            

    
        More information 
    




    
        
    

    
        
            

    
        More information 
    




    
        untitled
    

    
        
            

    
        More information 
    




    
        90 0 4
    

    
        
        90 0 4 6 4 GR 4 7 0 5 8 6 9 0 4 7 00 0 5 8 0 6 9 4 7 0 5 8 6 9 0 4 7 00 0 5 8 0 6 9 4 7 0 5 8 6 9 0 4 7 00 0 5 8 0 6 9 0 0  4 5 6 7 0 4 6 4 5 7 5 6 7 4 5 6 4 5 6 7 4 5 7   4 5 6 7 8 9 0  4 5 6 7 5 4 4    

    
        More information 
    




    
        2004
    

    
        
        2008 3 20 400 1 1,222 7 1 2 3 55.8 54.8 3 35.8 6 64.0 50.5 93.5 1 1,222 1 1,428 1 1,077 6 64.0 52.5 80.5 56.6 81.5 30.2 1 2 3 7 70.5 1 65.6 2 61.3 3 51.1 1 54.0 2 49.8 3 32.0 68.8 37.0 34.3 2008 3 2 93.5    

    
        More information 
    




    
        Netcommunity SYSTEM X7000　IPコードレス電話機　取扱説明書
    

    
        
        4 5 6 7 8 9 . 4 DS 0  4 5 4  4 4 5 5 6 7 8 9 0    4 5 6 7 8 9 4 5 6 4 0  4 4 4 4 5 6 7 8 9 40 4 4 4 4 44 45 4 6 7 5 46 47 4 5 6 48 49 50 5 4 5 4 5 6 5 5 6 4 54 4 5 6 7 55 5 6 4 56 4 5 6 57 4 5 6 7 58 4    

    
        More information 
    




    
        .A. D.S
    

    
        
        1999-1- .A. D.S 1996 2001 1999-2- -3- 1 p.16 17 18 19 2-4- 1-5- 1~2 1~2 2 5 1 34 2 10 3 2.6 2.85 3.05 2.9 2.9 3.16 4 7 9 9 17 9 25 10 3 10 8 10 17 10 18 10 22 11 29-6- 1 p.1-7- p.5-8- p.9 10 12 13-9- 2    

    
        More information 
    




    
        03337-010-001.PDF
    

    
        
            

    
        More information 
    




    
        
    

    
        
            

    
        More information 
    




    
        
    

    
        
        1 2 3 4 5 6 0.4% 58.4% 41.2% 10 65 69 12.0% 9 60 64 13.4% 11 70 12.6% 8 55 59 8.6% 0.1% 1 20 24 3.1% 7 50 54 9.3% 2 25 29 6.0% 3 30 34 7.6% 6 45 49 9.7% 4 35 39 8.5% 5 40 44 9.1% 11 70 11.2% 10 65 69 11.0%    

    
        More information 
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        別冊　各分野における虐待事例と分析
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        untitled
    

    
        
        1 Physical Chemistry I (Basic Chemical Thermodynamics) [I] [II] [III] [IV] Introduction Energy(The First Law of Thermodynamics) Work Heat Capacity C p and C v Adiabatic Change Exact(=Perfect) Differential    

    
        More information 
    




    
        CAT.No. 1234
    

    
        
            

    
        More information 
    




    
        1-2 4
    

    
        
            

    
        More information 
    




    
        A solution to Problems（物理化学II）Problem５
    

    
        
        A solution to roblems( 物理化学 II)roblem 5 ) Q 0, W 0, Δ 0, ΔU0, nr dg - Sd d より, G - 8.345 298 2.303log(6/) - 4440(J/mol) da - Sd d A - 8.345 298 2.303log(6/) - 4440(J/mol) 2) da - Sd d A ΔA da d, ΔG d R    

    
        More information 
    




    
        2357
    

    
        
            

    
        More information 
    




    
        応力とひずみ.ppt
    

    
        
        in yukawa@numse.nagoya-u.ac.jp 2 3 4 5 x 2 6 Continuum) 7 8 9 F F 10 F L L F L 1 L F L F L F 11 F L F F L F L L L 1 L 2 12 F L F! A A! S! = F S 13 F L L F F n = F " cos# F t = F " sin# S $ = S cos# S S    

    
        More information 
    




    
        SD SD SD
    

    
        
            

    
        More information 
    




    
        取扱説明書 [d-01H]
    

    
        
        d-01h 1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 1 2 19 3 1 2 4 3 20 4 21 1 2 3 4 22 1 2 1 2 1 23 1 1 2 24 25 26 1 1 1 2 27 1 2 3 28 29 1 2 1 2 3 30 1 2 3 4 5 1 2 3 31 1 2 3 4 32 33 34 1 35 1 36 37    

    
        More information 
    




    
        Taro13-宇城（改）.jtd
    

    
        
            

    
        More information 
    




    
        Taro13-芦北（改）.jtd
    

    
        
            

    
        More information 
    




    
        I II III IV V
    

    
        
        I II III IV V   N/m 2 640 980 50 200 290 440 2m 50 4m 100 100 150 200 290 390 590 150 340 4m 6m 8m 100 170 250 µ = E FRVβ β N/mm 2 N/mm 2 1.1 F c t.1 3 1 1.1 1.1 2 2 2 2 F F b F s F c F t F b F s 3 3 3    

    
        More information 
    




    
        ρ(= kg m 3 ), g h P 0 C () [1] 1.3 SI Pa hpa h 100 ( : 100 ) 1m 2 1N 1Pa 1N 1kg 1m s 2 Pa hpa mb hpa 1mm 1mmHg hpa 1mmHg =
    

    
        
        I. 2006.6.10 () 1 (Fortan mercury barometer) 1.1 (Evangelista orricelli) 1643 760mm 760mm ( 1) (P=0) P 760mm 1: 1.2 P, h, ρ g P 0 = P S P S h M M = ρhs Mg = ρghs P S = ρghs, P = ρgh (1) 1 ρ(= 13.5951 10    
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