# author: sita gakkhar, gakkhar [at] math [dot] utah [dot] edu

restart
# lab 2 problem with a different model. created with maple 12. feel free to email any
corrections (be wary of typos!) or suggestions. keep in mind this is meant to help you
understand the lab and maple better, but you still have to do your own thinking.

> model:= diff (u(t), t) +k-u(t) =sin(t);

model:= % u(t) +ku(t) =sin(t) D

> dsolveé {mode] u(0) =u0}) #model solved using dsolve and matched against solution by hand

uit) = ekt (u0+ 1 J " -cos(t) +sin(t) k 5
v K +1 KK +1 @

# solving model using integrated factor approach

integratingFactor= exp(int(k, t));
integratingFactor= et (©))

> U:= (U0O+int(sin(x)-exp(k-x),x=0..t)) -exp(-k-t);

. [uO— -1+ &% cos(t) — ke sin(t) ] okt

K+ 1

> # note homogenous solution for this will have forrx(—kt), and everything else is with the
particular solution, and u0 = u(0)

> #indentify uh and up using this
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(4)

> uh:= (u0+ ij-exp(—k-t);
K+ 1
uh:=e ™ (u0+ 1 ) 5
K +1 )
> up=- (cos(t)—k-sin(t));
K+ 1
__cos(t) —sin(t) k
up:= - 6
P K +1 ©
> U= up-+uh;
__cos(t) —sin(t) k -kt 1
u:.=- +e ub+ ———
K+ 1 ( ¥+1j i
> # verifying the solution
> LHS:=diff (u,t) +k-u _
LHS = - -sin(t) —cos(t) k ke Kt (u0+ 1 j K [_ cos(t) —sin(t) k ekt [uo )
K +1 K +1 K +1
1
+ - -
¥+1j)
> RHS:= sin(t)
RHS:=sin(t) ©)
> simpliff LHS— RHS
0 (20

> simplify(subg {t =0}, u) ) # checking for u(0) = u0
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_c0s(0) —sin(0) k—u0k —u0—1

(11)
K+ 1
# since for uss, all terms with exp(tkare dropped, therefore
_ (cos(t) -k-sin(t) ) .
uss:=- ;
KK+ 1 _
USS'= - cos(t) —sin(t) k (12)
K+ 1
# now uss is to be turned into a function
# let’s unassign uss first, so we can turn uss into a function rather than a symbol
unassign’u’, 'uss);
u :== unapplyuh +up, (t, k, u0));
u:=(t Kk, uO)—>—COS(t) —sin(Y) k+e_kt(u0+1j (13
K +1 K +1
uss:= unapplyup, (t, k, u0)); _
uss:= (t, k, u0) — - oSt —Sin(t) K (14

K+ 1

# this was part 1 and 2 (almost)

# now for 3 — suppose the outdoor temperature here is sin(t) (our A(t) if you are following the
lab writeup), and the indoor temperature is u(t)

# we need to plot sin(t) against our A(t) — first let’s unassign everything just to be careful
unassign’k’,'t’, 'u0’;’A’)
A = unapplysin(t), (t)); #now A is a function of t

A:=t—sin(t) (25
# now by defintion of u(t) in terms of uss, we need uss(0)

uss0:= usg 0, k, u0); # just evaluate the function we made foruss att=0

1
ussO= - —— (16)
I+ 1
# we have u(t) = (u(0)—-uss(0Bxp(—kt) + uss(t), turning this into a function, but we need to
have uss as a symbol to be able to use unapply
# turning uss into a symbol again by resetting it to up
unassigi’uss)
uss:= up _
USS = - cos(t) —sin(t) Kk (17)
K+ 1

U := unapply (U0 — ussQ -exp( -k-t) + uss (uQ, k, t));

U:= (U0, k t)— - Cos(t:(z_jl”(” Kok (uO—i— —kzi 1] (18)




> #now we have everything in terms of functions, let’s plot!!!
> #letsusek=1landu0=1

> k:=1;u0:=0;

k=1
uo:=0 (29

> plot({U(u0, k, t), A(t) }, t=0..48, axes=boxed;
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# what we need for this part of lab is the time lag between peaks of A(t) and u(t). either zoom
into this graph, or print out the (x,y) pairs for a curve near a max, and then read off the
peak time from that.

# now lets see how we can have a 3—d plot allowing us to vary both k and t
with( plots) :

unassign’k’);

plot3d( {U (u0, k, t) },t=0..10, k=0..2, axes=framed style= patchnogrid;
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# you have to draw your own conclusions from looking at this surface generated by u(t) as both
k and t are varied. and also using implicit plot!

# see maple help on that.
# an example on using implicit plot
uo=0:
unassigri’U’) # need an expresison for implicit plot
U := unapply (u0 — ussQ -exp( -k-t) + uss (k t))
__ _)_cos(t) —sin(t) k e
U=k K +1 T

implicitplot(U (k, t) =1,t=0..10, k=0..1) #plots the implicitly defined curve U(k,t)

-tk

(20)
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> #implicit plots gives the values of k, t that give U(k,t) = 1, for example note thatk =0.5and t =
2 looks like a point on this curve

> evalf(U(.5,2)) #almost 1
0.9909399929 (2D

> #though what you need for your problem on the lab is not U(k,t) = C but {IQY)!!



