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1. Solve the following initial value problem:

(x2 + 1)y→ = 2xy → 3(x2 + 1); y(1) = →1.

1

y + A(x) - y = B(x)

y=+y - 3

y + zoy = -3

Step 1: A(x)=; B(x) = -3 Step4: (1 ,
-1)

y(1) = (()4+1) (3 arctan(i) +c]

Step 2: x(x) = eSA(x)dy
- 1 = 2(-3(π(4) +c]

=et x - 1 = - 3π/2 + 2C

-(n(x+11 - 1 + 3π/z = 2C

= 2

= enlix+)" - 2 +3π
= 2C

Z

= (x2+1)
- 2+

3
= C

= x2+1

Y(x) = (x2+1)(-3arctan(x) +3π]
Step3 : y(x)= atx((xix .B(x)dx + c]

= (x2+1)[Sxz+1
. (3)dx +c]

Y(x) = (x2+1)(-3arctan(x) +c]
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2a. A function f(x, y) is given by the selected points in the table.
Using linear approximation at (2.5,→1), estimate f(2.6,→0.8).

(x)

(y)

1.5 2 2.5
1 3 1.5 -1
0 4 3.5 2
→1 3 2.5 0.5

2b. Using central di!erence formula, estimate the sensitivity of f relative to x at (2, 1).

2c. Estimate the elasticity of f relative to y at (2, 1).

2

(a,
b) (X ,Y)

f(x
,y)= fx(a,b)(X-a) + fy(a,b)(y -b) + f(a,b)

=
- 4(2 . 6 -2 .5) + 2)- 0 . 8 - 1 -1) + 0 .5 fx=

0 .5-2.-2
= - 4

↑

=
- 4(0 .1 + 210 .2) + 0 .

S
backwards

=

- 0 . 4 + 0 .3 + 0 .
5 fy= 2 -0 .

5
= 2 = 3

= 0 .4
↑
forward

central =
f (2

.
5

, 1) - f(1 .5,
1)

2 .5-1 .
5

=- 1 - 3

I

=- 4

. 100ax=
fy(2 ,

1)= 3 .
5
%

1 .5
=

- 2

By = 1% of

Df = fx(a,b)Dx + fy(a ,b)By

= O + ( - z)(ido)
== s

elasticity=30 . 100

=
- 2

312

=- 4/3
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3a. A single dosage of 100mg of Drug A is given to a patient at 8:00am each day. 10% of the drug
remains in the body after one full day period (8:00am next day). What is the amount of drug in the
body 20 days after the treatment started before the next dose is given at 8:00am?

3b. Using geometric series, write the following repeated decimal as a fraction.

21.02

3

S = 100 · 10 . 1) = amount of drug in body at 7 : 59am

un
dose 1

Su = 100 . 10 .
12 + 100 . 10 .

11
un u
dose 1 dose 2

Szo = a , t... + Azo

= 100 . 10 .
1't... + 100 . 10 .

11 20

=K
A j

Szo =
a)1 - r20)

1 - r

=
10010 .1) (1-10 . 112%

1 - 0 . 1

= 10011-10 .
1220

= 21 + 0. 02 + 0 .
0002 + 0. 000002 +...

= 21+002
A ~

0 .
02

= 21t
1-1/100

= 2) t
2/100

99/100

= 21 + a

= 2079 + 2

99

=
208
99



3c. Consider the geometric series
↑∑

n=2

5

(
2

3

)n

. Find the number of terms N we need to add so that the

Nth partial sum has value
20

3
→ 10

(
221

321

)
.

4

=
all-uw) 20-10(3)SN =

1 - r
-

S(5)(1 - (43(4) -10)1 - 213

2019 (1 - (2/3(V)
= 10)

1/3

211 - (43(
*

) = 7-10()

20_)= -10)

-2) =-10

=

I
N = 20
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4. Consider a tank that contains 100 liters of brine with concentration 0.1 kg/L. Brine of concentration
0.5 kg/L is pumped in at a certain rate of R L/min syrup while mixture is continuously stirred. If
the mixture is pumped out at the same rate and the concentration of the mixture is found to be 0.3
kg/L after 30 minutes, what is the value of the flow rate R in L/min.

5

Y (t) = amount of salt vIt)= volume of tank

dy amount of amount of = 100 + R - R

It =

saltin
- salt out = 100

=(rate in) (concentration in)-(rate out) (concentration out

= (r) (0 .5) - (RL)
concentration = 0 . 1 at t = 0

a = 0.5r-Y concentration=me

=R-
0 . 1 Y
10 = y(0)

= iR(50-y) = separable concentration = 0 .3 at t = 30

a = P(X) -Q(y) concentration=me

Jsoy dyfidoRde
0.3 =

y(30)
100

- In 150-y)=R . t +C

30 = y(30)
& y (0) = 10

- In150-101 = idoR . (0) + C

- In140) = C

Dy (30) = 30

- In150 -301=o R(30) - In 1401

- In1201 = FoR-In140

In 1401 - In /201 = FoR

In 1= R

In 12)=R

In 121 = R
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5. Consider the initial value problem:

y→ = y(y + t); y(→2) = 1

Use Euler’s method with two equal steps to estimate y(→1).

6. Find
ωu

ωt
when t = 1 and s = →1 where u = ex+2y; x = t + 2s, and y = 3t→ s. Find also a formula

for
ωu

ωs
in terms of s and t.

6

+O.S + 0 .5

Xo = (-2) Yo= 1
I

&

1

Y ,
= 1 + z((i)((k+ (-2)

- Z -1 .5 - I

X1 = -2 + 0 .S

=

- 1 .
5

= H+ z)- 1)

= 1 - E
= -

Xz = - 1

Yz = z + z((z)(z + ( .5))

= z + z((z)( -1)

= + z)-z)

= - 4= 4

= =
x = (ex

+2 y](z] + (ze*+24](- 1]

Es s = (ex+2y](1) + (zex +24](3]
=zex +2y

-yex
+24

= ex+24
+4ex

+zy

= G
= 7ex+2y

=fe(t +25) + 2(3t -5)

=yet +2s +6t-25

=Feat
&t= 1: =7e7) =7e7

S= - 1



7. Using implicit di!erentiation, find
ωz

ωy
(→1, 0, 0) if cos(x2yz) + 5ez = yz2 → 3xy2 + 6.

7

product product

- sin(xyz)((xYz + zx2y] +5. =((1)(z4) +(2z·(4)] - Lexy +0

- sin(xyz)[xz +xy] +Se = z +2yz -6XY

-xzsin(xyz) - Xy ·Sin(yz)+5. = z +2yz-bxy

-xysin(x2yz)· +57 . E - 2yz ·E = z2- 6xy +x z ·sin(x2yz)

Exysin(x2yz) +Se-2yz]= z2- 6xy +xz ·sin(x
-

yz)

-6xy +xzsin(

SeF-2yz- x2y · sin (x2yz)

al- 1
,
0

,0

103-6)-1(0) - (-12(d) sin)(-12 (0)(0)
=
Se-2(0) (0) + ( -1)2(d)sin(1-13(d)(0)

=
0 -0 - 0

S(1) - 0 + O

= O



8. Consider the function f(x, y) = ln(x2y) + 10

8a. Use linear approximation to estimate the percentage change of f when (x, y) changes from (→1, 1)
to (→0.9, 1.1)

8b. Use the linear approximation of f(x, y) at (→1, 1) to estimate the value of f(→0.9, 1.1).

8

|a ,b)

percent change=abs 100

f( -1
,
1) = (n)1-113(1)) + 10

Df = fx(a,
b)(x -a) + fy(a,b)(y - b)

= In(1) + 10

fx= - 2x = 0 + 10

= 16
2)-1

fx(-1 ,
1) =

(-k2()= = -2
percent change = -. 100

fy= -
== 1

ful-11)= its = T = 1

Df = -2) -0 .
9 - (-1) + 1(1 . 1 - 1)

= - 2(0 .1 + 1(0 .1

== 0 .
2 + 0 . 1

== 0 . 1

Df = f(x ,y) - f(a ,b)

f(x,y) = Df + f(a,b)

==0 . 1 + 10

= 9 .
9



9a. Find the 53rd partial sum of the series
↑∑

n=3

2

4n2 + 8n+ 3
.

9

S53 = az +... + an + 2

2 2 = az+... + 955

4n2+8n+3
=

(2n+1)(2n+3)
= 12 + 12+3

z= A(2n+3) + B(2n+1)

n = - 12 : 2 = A(z)- (2)+3) + B(z)-2) + 1) n= -3/2 : 2 = A(z(-3/2) +3) +B(z(-3/2) + 1)

z = A)- 3 +3) + B)-3+ 1)
2 = A)- 1 +3) + B)- 1 +1)

2 = 0 + B)-2)
2 = A(z) + 0

- 1 = B
1 = A

n
a55

533
=[)+L] +Sin - i)

= -11



9b. Find the sum of the series
↑∑

n=3

2

4n2 + 8n+ 3
.

10

E as all else eventually cancels


