
Physics B 

【Two Jl, 県（ヽiu tot al】

Potassium dih>'clrogc11 phosphate, K恥P0,1 is a、 solid ill wbicli pliospl叫(、ions ro/

arc cmmcdc!d by hydrngc)11 bonds. Let ns ccmsidnr a si1nplifi臼l mock] of KH2P0,1 ns 

shown iu th<、 [iglll'C.
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In the fignrc, potassim11 ious K+ arc rcpresc11t(�cl hy opcu c:irdcs, and tl1<'phosphate 

ions P01 :i- aiで n�presc�uic'cl lly 1<'1 ralwclい（図） • Each pl厄plm1<、 iou is conrn'c·1 c�d to it.s 

HC'ai·c:st neigliliors by two hyclrogcu bonds, dcpiけcd by dashed lines. Th<、 prntous I― r+ , 

rq、)resented hy filled circles, lie ofl
・

:..(
・enter 011 thr、 hydrogen bornls 量 a1Hl two protons and 

P0
1
:3--

fon11 ,\ phospl叫c grnnp H2P0,1―.

Th(�total cucrµ;y of th<':-;y:-;tcrn i:-; a:-;:-;nmcd to consist of the :-;mu of :-;iuglc pho:-;plrn tc 

grnnp c11<Tgirn which arc a:-;:-;ingcd a:-; follows: 

• A pl1osplia1.c gronp wl1id1 l1r1s 1wo prn1olls 011 111c salt!<'sid<'. s1wl1 as ]) i11 111c

fignrc, hr1s 1/,(\1'0 energy.

• A phosplrnt<、 gronp which has two protorn, on diffore11t sicl応, snch as A rnHl B,

lms c11crgyご(> 0).

• A phosplrntc、 gronp which has tluc:c protons. snch as C, has infinite energy, HS do

gronps which have、 fonr, one, or zero protons.

W<、 assnnw that tlw systcn1 co犀isting of N phosplrnt.c grnnps is in tl1cn1ml cqnilihrirnn 

at tcmpcra.tmc. T. Let then、lw periodic honnclnry c·nnclitiorn; to clirninntc cdg<�dfcds. 

Answer the、 followi11g qncstious. 

(1) Show thnt the lll<',lll cucrgy of the system i11 t lwnmd cq11ilibrim11〈E〉is ('X])lでsscd
D

in tcnns of the pmtition function Z心〈E〉= --了log Z, wlHTC /> is gi\'c11 ⑮ 

（｝ー (J.・nT) ― 1 witl1 Dolt.:;,111Hllll·s co11st.a11t J、,;B·

(2) Choose、Hw c01Tc'ct partitio11 function Z for the system front the followi11gs:

z = 2 + 21\
「 f ―けVE _

Z = 2 + 2Ne 三J ,,- z = 2 N + 2 ('.- ()NC 
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(:{) Explai11 the physical rcascms why yon co11si<lcr th<、pmtition「1111ction dwscu i11 

(2) to be rnn・cct.

(4) 「sing the results of (1) and (2), find the rnca11 energy of the system.

（り） Givcu the、 limit of large、 N, show that tlw mean cucrgy is disnrntinnons at ,1 

certain tc叫）erntnrc, T c、. Express Tc, in tenns of c ancl k:n ・

(G) Explc1i11 tlH、physical meaning of the di試011ti1111ity observed ill (: り） ．

【The qncs(ious encl.】


