MAT 270 (FIPÉ)



Team Test 3 Fall 2001

Solutions



There are 6 questions.  Each question is worth 16 points.  Be sure to explain, illustrate, and/or justify

your method of solution.  If computer or calculator methods are used, describe how.  

Derivatives must be used  to find maximum and minimum values.  Remember to test the values to determine

the kind of points they are.

1.
Determine values of a, b, c, and d so that the function 
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will have two critical points.


> f:=x->a*x^3+b*x^2+c*x+d:
> fx:=D(f);
[image: image2.wmf] := 
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> solve(fx(x),x);
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 must be greater than 0 in order for the function to have 2 critical points


2.
A closed box with a square base is to be constructed so that the cost doesn’t exceed $30.00.  Find the volume of the largest box which can be constructed if the cost for the material used to make the base  and the top is $0.005 per square cm and the cost of the material to make the sides is $0.02 per square cm.


> c:=30=.01*x^2+.08*x*L:
> v:=x^2*L:
> c1:=solve(c,L);
[image: image5.wmf] := 
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> v1:=unapply(subs(L=c1,v),x);
[image: image6.wmf] := 
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> v1x:=D(v1);
[image: image7.wmf] := 
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> s:=solve(v1x(x));
[image: image8.wmf] := 

s

,
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> test1:=v1x(31.6);test2:=v1x(31.63);
[image: image9.wmf] := 

test1

.5400000


[image: image10.wmf] := 

test2

-.1713375


Therefore, a maximum

> Volume:=v1(s[2])*cubic_centimeters;
[image: image11.wmf] := 

Volume

7905.694150

cubic_centimeters


3.
The drawing below shows an open tank with ends which are equilateral triangles.  It is to be constructed so as to have a volume of 100 m³.  Find the dimensions which will minimize the amount of material used.
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> v:=100=1/2*(2*a)*(sqrt(3)*a)*L;
[image: image13.wmf] := 
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> surf:=2*(1/2*(2*a)*sqrt(3)*a)+2*(2*a*L);
[image: image14.wmf] := 
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> v1:=solve(v,L);
[image: image15.wmf] := 
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> s1:=unapply(subs(L=v1,surf),a);
[image: image16.wmf] := 
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> s1a:=D(s1);
[image: image17.wmf] := 
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> s:=evalf(solve(s1a(a)));
[image: image18.wmf] := 
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> test1:=evalf(s1a(3.2));test2:=evalf(s1a(3.22));
[image: image19.wmf] := 

test1

-.3824945477


[image: image20.wmf] := 

test2

.03535777343


Therefore, a minimum

> L1:=solve(v,L);
[image: image21.wmf] := 
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> L1 := 100/3/a^2*3^(1/2);
[image: image22.wmf] := 
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> Length:=evalf(subs(a=s[1],L1));
[image: image23.wmf] := 

Length

5.574255565


> Side_of_Triangle:=2*s[1];
[image: image24.wmf] := 

Side_of_Triangle

6.436595896


4.
How close does the point 
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> f:=x->x^3-8*x^2+17*x-6;
[image: image27.wmf] := 
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> plot(f(x),x=-2..5,y=-5..5);
> 

[image: image28.png]



> e:=x->sqrt((x-1.5)^2+(x^3-8*x^2+17*x-6-1)^2);
[image: image29.wmf] := 
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> ex:=D(e);
[image: image30.wmf] := 
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> s:=solve(ex(x));
[image: image31.wmf] := 
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> plot(e(x),x=0..5,y=0..5);
[image: image32.png]



> test1:=ex(.55);test2:=ex(.56);
[image: image33.wmf] := 

test1

-.07567965775


[image: image34.wmf] := 

test2

.7697926945


Therefore, a minimum

> dist:=e(s[1]);
[image: image35.wmf] := 

dist

.9548428848


5.
You are viewing a painting in a museum which is 1 meter high.  The bottom of the painting is 2 meters above the floor.  Determine how far you should stand from the pointing to maximize the viewing angle.
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> a:=tan(alpha)=2/x;b:=tan(alpha+theta)=3/x;
[image: image36.wmf] := 
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> a1:=solve(a,alpha);b1:=solve(b,alpha+theta);
[image: image38.wmf] := 
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> f:=unapply(b1-a1,x);
[image: image40.wmf] := 
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> fx:=D(f);
[image: image41.wmf] := 
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> s:=evalf(solve(fx(x)));
[image: image42.wmf] := 

s

,
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> test1:=fx(2.4);test2:=fx(2.5);
[image: image43.wmf] := 

test1

.0016660003


[image: image44.wmf] := 

test2

-.0015993603


Therefore, a maximum

You should stand 2.45 m away from the wall

6.
A sheet of paper is to have one inch margins on the top and bottom and 0.75 inch margins on the sides and is to contain 63 square inches of printed matter.  Find the dimensions of the smallest piece of paper which will fulfill these requirements.      
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> a:=(x+1.5)*(y+2);
[image: image46.wmf] := 
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> b:=63=x*y;
[image: image47.wmf] := 
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> c:=solve(b,y);
[image: image48.wmf] := 
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> d:=unapply(subs(y=c,a),x);
[image: image49.wmf] := 
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> dx:=D(d);
[image: image50.wmf] := 
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> s:=solve(dx(x));
[image: image51.wmf] := 

s
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> test1:=dx(5.9);test2:=dx(6.1);
[image: image52.wmf] := 

test1

-.71473715


[image: image53.wmf] := 

test2

-.53963989


Therefore, it is a minimum

> t:=subs(x=s[1],c);
[image: image54.wmf] := 

t

9.165151390


> Dimensions:=[s[1]+1.5,t+2];
[image: image55.wmf] := 
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