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Thermoacoustic engine — Marking Scheme

Part A: Sound wave in a closed tube

A.1 | boundary conditions u(L,t) =0 0.2pts
Amax = 2L 0.1 pts
Only 0.1 points for L, L/2 etc. (without u(L,t) = 0)

A2 | V(x,t)=S"Ax.(t) 0.1 pts
comparing two sides ﬁ (u(x + 4x,t) —u(x, 1)) = % 0.2 pts
final result 0.2 pts

A3 |AF=S-A4p 0.1 pts
Ap ~ — dp(g't) Ax 0.2 pts
Newton’s 2" law AF = m% ~pg-S- Ax% 0.2 pts
final result 0.2 pts

A.4 | final result 0.3 pts

A.5 |ideal gaspV = nRT 0.2 pts

= p:?/o (po —p, cos (wt))(VO + V; cos (a)t)) 0.1 pts
T=Ty+ To(V1/Vy — p1/p0o) cos (wt) 0.2 pts
final result 0.2 pts

A.6 | Two correct sites 0.6 pts
All are correct 1.2 pts

Part B: Sound wave amplification induced by external thermal contact

Bl | T,(t) =Ty — f (u(L/4,0)) 0.3 pts
final result 0.1 pts

B2 |Tg>T, 0.6 pts
final result 0.4 pts
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B3 |usefirstlawdQ =AE+W orZ =%, 0.4 pts
dt — dt ' dt
understand energy of ideal gas AE = c,nAT 0.1 pts
NRAT = pAV +Ap -V 0.2 pts
final result 0.1 pts
B.4 | final result V,, = lpb % 0.5 pts
14 Po
—|_Y1h _1 1 0.8 pts
Va [ (Tst Tl) y pa] Do
Tee =Ty = (T — 1) % 0.5 pts
i _[rtB_ 21| 0.1 pts
final result V, = [ ” w(T Ter) 5 Vpa] - p
e — (g = [Ategi 0.2 pt
fo cos (wt)dt = fo sin (wt)dt = ["“sin (wt) pts
cos (wt)dt = 0 (or equivalent)
fOAt‘:cos2 (wt)dt = fomcsin2 (wt)dt = % 0.2 pts
Ate = 0oV + DyVa) = ~(paVy + PpVa) 0.1 pts
W == (y — 1)B(z — ) ka®S 0.1 pts
Atc Atc d
B.6 Qtor = Sf dt——f Qd_z.dt 0.2 pts
Q= _;ﬁVo(Tst_Tﬂ sin (wt) + Qo 0.1 pts
% (x,t) = —aw -sin (kx) sin (wt) 0.1 pts
Qeot = —mafS(Tye — Ty) sin (kx) 0.3 pts
Qtot = __azﬁ (T Tcr) 0.1 pts
B.7 |n= -1kl 0.2 pts
Ter _Ter T, Ter
n___rTo~ ¢ 0.4 pts
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Note that some students may solve B.6 and B.7 using a different method. A student that solved
correctly B.7, and inferred incorrect answer for B.6 with correct units, will get full points for B.7
and % of the points for B.6.



