Fall 1999 Math 151 Common Exam 2 Solutions

¢ 1999, Art Belmonte, Math 151

Sections 3.3-4.2

| [MapleV Release 5.1 worksheet]

> restart;

Warni ng, new definition for norm
Warni ng, new definition for trace
Package: vec_calc Version 4.3

For all HELP, execute: ?vec_calc

To use aliases, execute: vc_al i ases;

B Al/B2

> exp(x”3 + x); derivative:=diff(% x);

e(x3+x)
I 2 (0 +x)
derivative:=(3x"+1) e

Bl A2/B3
> f:=x->sin(x)"2; derivative:=D(f)(Pi/4);
f:=x - sin(x)?
|| derivative:=1
B A3/B5
"> sin(sqrt(x”"2 + 1)); derivative:=diff(% x);
sin(4/x*+1)
[ 2
derivative := costyx +1)x
L X +1
B A4/B6

> f:=x->x"(1/3);

f(8) + Df)(8) * (x - 8);
L: =unappl y(% x); approximtion:=sinplify(L(8.012));

fr=x - x3)

g(1/3) +i 813 (x - 8)
24
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L:=x_»§1”)+j£8“’”(x—8)
24

approximation := 2.001000000

B A5/B1

> sinmplify(3*x + 3*x + 37X);
{ 3(1+x)

Bl A6/ B4
{> x*exp(x); diff(% x%$20);

X €

20€ + x &

Bl A7/B12

> sin(Pi/3) = h/x; op(solve(% {x}));
subs(% P=P(t), h=h(t), P = 3*x);
diff(% t); subs(diff(h(t), t)=2, %;

1 h

21375

nghVB
3

P(t) =2 h(t)4/3

0 0

ap(t)zz%h(t)éﬁ

0

i aP(t):4ﬁ

B A8/B7

> unassign(’'f’); x[2] = x[1] - f(x[1]) / DfF(x[1]);
subs(Df (x[1]) = m f(x[1])=3/2, x[2]=3/5, x[1]=1,
op(solve(% {n}));

_ )

27 bi(x,)

3_,.31

_:1
5 2m
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15
m=—
4

B A9/B10

(> Limt(sin(8*x)"2 [/ (3*x)"2, x=0); value(%;
1 sin(8x)?

09 X

64

L9
Bl A10/B8

(> xi=t->t72; yr=t->t73-3%t; r:i=t->[x(t),y(t)];
t vals:=solve(Dy)(t)=0, t);
check_dx_dt _nonzero: =D(x) (1) <>0, D(x)(-1)<>0;
Xy_pairs:=r(1), r(-1);

>

xi=t - t°

y:=t - -3t

r=t - [x(1),y(t)]

t vas:=1,-1

check dx dt nonzero:=2#0,-2#0
xy_pairs:=[1,-2],[1, 2]

B A11/B9

"> unassign('L, "X, 'y');
f:=x->sqrt(1+x);

L(x) = f(0) + D(f)(0) * (x - 0);

fi=x o a/x+1

B A12/B11

"> unassign('f"); Dg(x) = 1/Df(g(x));
subs(x=2, % ; subs(g(2)=4, 9% ; subs(Df(4)=3, 9;

P9 = D))
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P92) = bt(a(2))

1
Dy(2) =m

1
Dg(2) =3

Bl A13/B16

(> z(t)"2 = y(t)"2 + 5072

diff(% t); % (2z(t));

I hs(9% = subs(diff(y(t), t)=44, y(t)=120, z(t)=sqgrt(120"2 +
5072), rhs(%);

eval f (%, ft/s;

z(t)? = y(t)? + 2500

22(t) %.% z(t) E= 2y(t) %gty(t)ﬁ
3 y(t) %.%y(t)ﬁ

a0

0 528
—z(t)=——
ot 13

0 ft
— z(t) = 40.61538462, —
ot S

B A14/B14
H (a)

> g:=x->f(x)"3;
derivative_in_general:=D(g)(x);
derivative_in_particular:=D(g)(3);
answer : =subs(D(f)(3)=4, f(3)=6, %;

g:=x - f(x)*
derivative in_general := 3f(x)* D(f)(x)
derivative in_particular := 3 f(3)* D(f)(3)

answer =432

F (b)
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> h:=x->f (f(x));
derivative_in_general : =D(h) (x);
derivative_in_particular:=D(h)(3);
subs(D(f)(3)=4, f(3)=6, 9;
answer : =subs(D(f)(6)=-1, %;

h:=x - f(f(x))

derivative_in_general := D(f)(f(x)) D(f)(x)
derivative_in_particular := D(f)(f(3)) D(f)(3)
4 D(f)(6)

.| | answer :=-4

Al5/B17

(> f:=x->x [ sqrt(2-x"2);

Use the point_slope formula:=y - f(1) = D(f)(1) * (x - 1);
tangent line: =%+ (1=1);

X

fi=x->

A2 =%
Use the point_slope formula:=y-1=2x-2
| tangent_line:=y=2x-1

Bl A16/B13

Since the slopes of the curves at the point of intersection are negative reciprocals, the tangent lines
to the curves thereat are perpendicular.
(> eql: =x"2 + y"2 = 4*X; eq2:=x"2 + y"2 = 2%y;
ml: =implicitdiff(eql, y, x); n2:=inplicitdiff(eq2, y, x);
slope_1 at _intersection: =subs(x=4/5, y=8/5, nl);
sl ope_2 at _intersection:=subs(x=4/5, y=8/5, nR);

eql:=x’ +y’ = 4x

eR2:=xX+y’ =2y
X—2
ml:=-——
y
X
m2:= -
y-1

3
dope 1 at intersection := Z

4
slope 2_at_intersection := —
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B A17/B15

(> r:=M~(t, [6*sin(t), 3*cos(t)]);
v:=D(r); a:=D(v); s:=MF(t, len(v(t)));

r:=[t-6sn(t),t - 3cos(t)]

v:=[t > 6co3t),t - -3sn(t)]

a:=[t- —6sn(t),t - -3 cog(t)]

si=t o 3«/4003(t)2+sin(t)2

H

> r(Pi/l4); eval f(%;

3
52042k
2
|| [4.242640686, 2.121320343]

(b)

> v(Pi/l4); eval f(%;

12
y A2
HERE
|| [4.242640686, -2.121320343]

(©

> conbi ne(s(Pi/4)); eval f(%;

3
5 4/ 10
4.743416490

(@)

> a(Pi/l4); eval f(9%;

3
32,21
[-4.242640686, -2.121320343]

©

> with(plottools):
pl ot _of ellipse:=plot([op(r(t)), t=0..2*Pi],
scal i ng=constrai ned, thickness=3):
P.=r(Pi/4): Q=P + v(Pi/4): R=P + a(Pi/4):
pl ot _of _velocity:=arrow(P, Q 0.1, 0.4, 0.1, color=green):
pl ot _of acceleration:=arrom(P, R, 0.1, 0.4, 0.1, col or=blue):
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tv:=textplot([7,1.7,"velo'], align={ABOVE, CENTER}) :
ta:=textplot([2,1.7, acc’], align={ABOVE, CENTER}) :
di splay([pl ot _of _ellipse, plot_of velocity,

pl ot _of acceleration, tv, ta]);

Bl Bonus
> unassign('f’, 'g, 'X);
g: =x->f(x"2 - x); D(g)(x) = 0;
eql: =x"2 - x = 2; eg2:=x"2 - X = 6; eq3:=2*x - 1 = 0;
sol ve(eql, {x}); solve(eq2, {x}): solve(eq3, {x});
g:=x - f(x¢-x)
D(f)(>X*-x) (2x-1)=0
eql::xz—x=2
eR:=xX-x=6
eg3:=2x-1=0
{x=-1},{x=2}
{x=-2} {x=3}

_1
(x=3)
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