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PHY 711 Classical Mechanics and
Mathematical Methods
10-10:50 AM  MWF Olin 103

Plan for Lecture 31:
Chapter 11 in F & W:

Heat conduction

1. Basic equations

2. Boundary value problems

1/11/2015 SHY 711 Fall 2015  Lecture 31
21 Mon, 10192015 Chap. 5 Maotion of Rigid Bodies.
22 Wed, /2015 Chap. § Maobon of Righd Bodies.
23 Fri, 10232015 Chap 8 Maban of Elastic membranes.
24 Mon, 10/26/2015 Chap, 3 Hyteosynamics
25 Wed. 102812015 Chap, 9 Hyorosymamics
28 Fri, 107302095  Chap. 9 Sound waves
27 Mon, 11022015 Chap, 9 Saund waves
28 Wed, 110472015 Chap. 9 Sound waves
29 Fri, 110672015 Chap. 10 Surface waves on Muids 27
30 Mon, 19/092015 Chap, 10 Surface waves on fluds #8
015 Chap, 11 Heat Canduction e
Chap. 11 Heal Canduction
33 Mon, 11/16/2015 Chap, 11 Heat Canduction
34 Wed_ 11/1872016 Chap, 12 Viscosiy
A8 Fri, 1202015 Chap, 12 Mare viscosity
38 Mon, 1 /2015 Chap, 13 Elaslic Confinua
Wed, 14252015 Thanksghing Holday
Fri, 11272015 Thanksgiving Holfday
AT Mon, 1173072015 Chap, 13 Elastic Cantinua
Wed, 120212015 Student presentations |
Fri, 121042015 Student presentations 1|
Mon, 12007/2015 Begin Take-home final
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WFU Physics Colloguium

TITLE: Coupled imp bety i lectric and
piezoalaciric materials
SPEAKER: David Monigomery,

Department of Physics,

Wake Forest University
TIME: Wednesday November 11, 2015 at 4:00 PM
PLACE: Room 101 Qlin Physical Laboratory

Refreshments will be served at 3:30 PM in tha Olin Loungea. All
interested persons are cordially invited to attend.
ABSTRACT
A Liring d materas is
dacussed. Thermo-piezoslectic gensralors (TPEG) extibit 8 synergiic effect that
amplifies output valtage. and has been cbsenved fa increase inifial piezoslecitic values.

thecugh @ time dependent hermcelectricimyroelecric effect. TREGs are buit by integrating
of fuonce IPVOF) fims between fismoble thin

1111172015 PHY 711 Fall 2015 — Lecture 31

Conduction of heat

W ~ Jn
Enthalpy of a system at constant pressure p

non uniform temperature 7'(r,t)

mass density p and heat capacity c,

H =J'pcp(T(r,t)—To)f’”JfHo(TOsP)
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Note that in this treatment we are considering a system at
constant pressure p

Notation: Heat added to system --dQ =TdS
External work done on system - dW =—pdV
Internal energy - dE =dQ+dW =TdS — pdV
Entropy --dS

Enthalpy --dH =d(E + pV)=TdS +Vdp

Heat capacity at constant pressure:
(i), 5), 15
ar), \ar) ~"\or),
C,=pc,d’r
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Conduction of heat -- continued
H = {pe, (T (r,t)=T,)d°r + Hy(T,, p)
14

Time rate of change of enthapy:

dH oT (rt) 5 . s
?:lpCpTd V:—jjl1'dA+qud r

 \

heat flux

heat source

QAT(nt) o
pPc, or b T PYq
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Conduction of heat -- continued

oT (r.1) . .
Pe =-V-j,+pq
Empirically:  j, =—k,VT(r,t)
= or(r.t) =kV°T(r,t)+ a4
Ot c,

K= & thermal diffusivity
P,

Typical values (m?/s)
Air 2x10%
Water  1x107
Copper 1x104
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Boundary value problems for heat conduction
To
c
b
oT (r,t a
() _ T (r,0) =L
ot c
»
oT (r,t
Without source term: % - KVZT(I‘,Z) =0
_ Example with boundary values:T (0, y,z,t) =T (a,y,2,t) =T,




Boundary value problems for heat conduction

o t) -kVT(r,t)=0 47."

le—
T(O Y.z, t) T(a V.2, t) T, b
6T(x,0,z,t) aT(x b,z, t)
6y Assuming thermally
6T(x y 0 t) 6T x y c, t insulated boundaries
oz
Separation of Varables (x V,2,t) =T, + Y (y)Z(z)e™
d’X d’y d’z
Let?:ﬂz ==Y 5 =-y’Z

:72,+K(az+ﬂz+y2):0
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Boundary value problems for heat conduction

=

T(xp.20) =T, + X ()Y (y)Z(z)e

X(O):X(a):O 3X x)—sm[ mrx

dY(O)_dY(b)_
77 & =0 2Y(y)7cos[ b j
d%io) = dZdic) =0 =>7Z(z)= cos(%)
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Boundary value problems for heat conduction

=4

/

Full solution:

T(x.y.z0)=T,+3C,, sin( mﬂx)cos[%) cos(ﬁ)e”’”‘”
C

a

mp
Y (mrzY 7Y

ﬂ""'l’ - K[() +(7j +[Lj j
a b c
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Initial value problem in an infinite domain; Fourier transform
M—;cva(r,z)= 0
ot
7(r,0)=f(r)

Let: f(q,t):'fd%e’“"'T(r,t)
Fla)=[d*re" s (r)
=T(q.0)= f(a)

6]~"(q,t)

Ve
= 2?7
ot kq (‘l,’)

2

T(q.,)=T(q,0)e """
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Initial value problem in an infinite domain; Fourier transform

T(q.0)= [@re ™ T(e) = T(er)= ﬁ [ &g T(q.1)
T(q.1)=T(q.0)™"
T(r,1)= ﬁ_‘.d%e’q"f(q,o)e”‘”:’
T(a.0)=7(a)=[d’re " £(r)
7(r,t)= jd3r‘G(r—r',t)T(r‘,0)

I
(@z)
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with G(r—r',¢)=

."querqv(rfr')e—mﬂ

1111112015

b

Initial value problem in an infinite domain; Fourier transform

T(r,t)= ja”r'G(r —r', )7 (r',0)

with G(l'—l”,t)E (271[)3 deqeiq'(r—r')e—qut
1 —le-r
G(l‘—r',t)= (47[](1)3/2 e




Heat equation in half-space
oT (r,t)

ot
T(r,t)= T(z,¢) with initial and boundary values :
T(z,t)=0 forz<0
T(z,0)0=0 forz>0

T0,0)=T, fort>0

~&VT(r,)=0

z
Solution : T =T, erfc
! [2$Ej

where erfe(x)= %J’e’”zdu
i x
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Heat equation in half-space -- continued
0T (z,t) « 0’7 (z,t)

=—==0
Ot o7
Solution : T =T, erfct j

2/ Kt
2% e
where erfc(x)=——=|e™ du
(x) J;I .
derfc(x) d 2 %7 _» 2
Note that ——“=""[e"du=——=
ore T dx dx\/;'!.e ! \/;e
z 2 ()| =
— erfc = e
ot [2«/1@) V4 4+/xt?

ierfc[ z jzie—(%(m»#
oz Wi ) r PP
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