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Bent Petersen

Two illustrations of Newton'slaw of cooling

In the graphs the red is the ambient temperature (which drives the system) and the blue is the
temperature of our wine cellar, root cellar, or whatever (the system response). The numbers are not
redistic.

Notice how the response tracks the ambient with atime delay (phase shift in the first example) and with
areduced amplitude of fluctuation.

[> restart:
"> ode: =di ff(T(t),t)+k*T(t)=k*F(t):
&9 _
ode:= g TN+ KT(1) = kF()

"> F. =t - >B+A*cos(onega*t);
L F:=t® B+Acos(wt)
[ > dsol ve(ode): Ts: =unappl y(rhs(%,t);

B2 +Bw + I Acos(wt) + kAwsin(wt) + e ¥ C11é+& Y c1w

Ts:=t®
i K + W
[ > B:=2: A =3: k: =3: onega: =3*Pi :
> solve(Ts(0)=8, Cl): Cl.=%
1+2p°
_C1:=3 2
1+p

> plot([F(t), Ts(t)],t=0..3,col or=[red, bl ue], thickness=3);
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[> restart:
"> ode:=di ff(T(t),t)+k*T(t)=k*F(t):

B |
o uz\ J 06 08 | 1 /' 12 14 \5 N '1 8 2 22\ 24 26 28 \ '3
| \ 6 08 | / 2 1 e\v/ \

d il T(t)Q+ kKT(t) =kFt)

ode:=g— x =

L gﬂt [7]

[ > F: =t->B+A*(Heavi side(t-1)-Heaviside(t-2))-A*(Heaviside(t-2)-Heavis
ide(t-3));

| F:=t® B+ A(Heavisideg(t- 1) - Heaviside(t- 2)) - A (Heaviside(t - 2) - Heaviside(t - 3))
[ > dsol ve(ode): Ts: =unappl y(rhs(%,t);

Ts:=t® B+AHeavisde(t- 1) - AHeaviside(t- 1) e "*® . 2 A Heaviside(t - 2)

. +2AHeaviside(t- 2) €2 + A Heaviside(t - 3) - A Heaviside(t- 3) e *'*39) + gk 1
[ > B:=2: A =4: k: =2: onmega: =3*Pi :

> solve(Ts(0)=3, _Cl): _Cl:=%

L Cl:=1
> plot([F(t), Ts(t)],t=0..5,color=[red, bl ue], thickness=3);
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