Math 131 Exam 2 Sample 1 SOLUTIONS Fall 2010

1. (a) Given f(x, v, Z): x2y —x’z+xIn y find f(-2, 1, 3).
FE2,1,3) = (=27 (1)- (2P 3)+ (- 2)in(1) = (4)1)- (-8)3)+ (- 2)(0) = 4+ 24 +0 =28

1. (b)J. J. x+y dy dx

JS[W ;yz} dx—f(f[f ;4} [O]dx—B 4+110x5}(6):B(64)+%(65)}:1101.6

114 0.425 H 0.725

2 (a) The surface area of a human body (in m?) is approximately A = 0.202 , where W is the

weight of the person in kilograms and H is the height in meters. Find an equation that represents how a
person’s surface area will change as her or his weight changes, assuming that height remains constant.

oA _ Ay = 0.202%0.425W 42T g0 = 0 08525W ~ 075 g 072

ow

2. (b) For g(x)=xy—e™ find g, and g, .

0
g, :a (xy —eV ) =y—ye¥ In the step below, note the use of the product rule for aiy(_ ye™ )
d|ad d
8xy = ay[ag} [y yexy] 1- (xyexy+exy) or 1—xye™ —e¥

3. (a) Let f(x,y)=x*—-10xy +% y? —7. It can be shown that the first partial derivatives of f (x, y) are zero

at (5, 50). Use the second derivative test to determine the nature of the function at this point. (Write the
appropriate term: relative maximum, relative minimum, neither a max nor a min (saddle point), or
inconclusive.)

Compute first partials. f, = 4x° —10y, f, =-10x+y
Compute three second partials (based on the first partials) f,, = 12x7; fyy =L fo=-10

Write D(x’ y) = (fxx)(fyy)_ ( xy)2 = 12x2 —100.
Observe that D(5,50) = 12(52) — 100 is positive and indicates a max/min
Observe that f, (5, 50) = 12(52) > 0 and conclude that f(x,y) has a relative minimum at (5,50).

3. (b) Solve the differential equation (t2 + 1)% =t(y+1). methods: separation of variables, substitution
t

1 : .
d—y: ! = —d —I ! dt = for the right side : u =241, du=2tds, la’u =2t dt
y+ldt 4241 y+1 2 +1 2

= 1n|y+1|:%jidu = In| y+1[=2In[ul+C

1
—ln(t2+1)+C 2 W
= y+l=e2 :eceln(t +1)2:C 241 = y=Cyt?+1-1




4. (a) The temperature of a frozen pizza rises at a rate expressed by the differential equation
y’ =9(400— y). A pizza with a temperature of 30° F is put into the oven. Solve to find an equation which
expresses the pizza’s temperature y as a function of time ¢ in minutes.

1
400-y

— 400-y=e " =Ce™ = —y=Ce " -400 = y=400-Ce " = 30=400-Ce"
= C=370 = y=400-370¢"""

Y =9(400-y) = | dy=[9dt = -In(400-y)=9%+C = In(400-y)=C—-9

4. (b) A population of wolverines is modeled by the differential equation ? =0.02y+16¢. Solve to find
t

an equation to represent population y at time ¢ (in years) given an initial population of 10,000 wolverines.
method: first —order linear process

%—0.02y=16t o ()=l 00 00 e_O'OZI%—O.OZe_O'OZIy:16te_0'02t
t t

= Idi[e_o'mty}dt = [16te 0% dr = dv=e"""dt, v==-50e% u=16t, du=16dt
t
= 002y - j16te —002 g =161 (—soe—o-”’)—j—soe—o-‘m (16) dt = — 800t e ~*0% — 40000¢ ~00% +C

—  y =—800f — 40000+ Ce "% = 10000 =—800(0)— 40000+ Ce ") — ¢ =50000
=y =—800r — 40000+ 50000 ¢ ***

5. (a) Let f(¢) be the solution to y" = y+ 4t2, y(l) = 6. Use Euler’s method with n = 2 to estimate f(2).

h:%:%, to=1, yg=6, y’:g(1,6)=6+4(12)=10

2
3 1 3 3
= Hh=—, =6+10| — | =11, —, 11 |=11+4|=| =20
T2 @ ’ (2 j @
1
= 1,=2, f(2)=y, :11+20[5j:21
(b) Given the system of linear differential equations, o =3x—2x, 0 = x; +e , a student has
t t
. . 1 2
found the necessary eigenvalues and eigenvectors to be 4 =1 = { and 4, =2 = i Do the next
dy

. d
steps of the solution process to answer % =7 and 72 = ? Do not solve these two DEs!
t t

the student’s preliminary work to identify M and find eigenvalues and eigenvectors:

1 0 1 -2

s NEH IS e

M:F _2} M—M:F_ﬂ' _2} det(M —AI)=(3-2)(=2)-(=2)1)= 2 =34+2=(21-1)(1-2)



3-2 -2 |x| |0 1 =210 x| |2
1 0-2|lx]| |0 1 210 | |1
the solution to the sample exam question: identify D and P, then find P~' , then find ()’1) and (y2)

SR

1 211 0 I 211 O I 2|1 O 1 0|-1 2
- - -
1 170 1 0 -1/-1 1 0 1|1 -1 0O 1|1 -1

d d d

o w1 270 “h=nad “tonm=2
r|_ i —, dt or At

Ay | [0 2y, |1 -1 D2 gy g Dy gy oy

L dt dt 2 dt 2

See Exam 2 Sample 2 answer key for the rest of the solution process.




