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1. Find the vertex, focus, and directrix of the parabola. Then sketch the parabola.
(a) y* =—6z (c) y* —dy—4z =0 ; (e)y2+6y+8:z+25=0(
(b) 4y =a*>—2z+5 (d) 2 +4z +4y—4=0 () > —2z+8+9=0

9. Find an equation of the parabola

L— (a) vertex: (3, 2);focus : (1,2) (c) focus: (2,‘2);directr'ix trx=—2
(b) vertex: (—1,2);§chs : (=1,0) (d) focus: (0,0); directrix : ¥ = 4
e

- 3. Find an equation of the parabola

(a) Axisis parallel to y-axis; graph passes through (0,3), (3.4),and (4,10)"
(b) Axis is parallel to x-axis; graph passes through (4, —2). (0, 0).and (3, —3)-*
(¢) Directrix:-y-= 1;length of latus rectum is 8: opens downward.’ I

(d) Directrix: y = —2; endpoints of latus rectum are 0,2) and‘(B, 2).

A. Find the center, foci, vertices, asy‘r"n'l;totes, and radius, as appropriate, of the following
conic sections: £

(a) 244z +yP=12"* () 272 —y? +6y=3
(b) 2245yt +dr =1 (g) 22—y +4z—6y=6
S @ P+yf-2z—dy=-1 '~ (h) 202 + 2 — 282 + 12 = 114
] : ~(d) P2y —2r+4y=4 : (i) y2—4y.—-8:z:-—12=0 :
e, T (o) P-4t +16z =24
. 5. Find the standard equation of the following conic sections:
(a) Foci: (0,%3); Eccentricity : 0.5 (e) Eccentricity : 3; Vertices : (0, 1)
—~  (b) Vertices: (0,%£70); Eccentricity : 0.1 (f) Eccentricity : 2; Vertices : (£2,0)
(c) Foci : (&8, 0); Eccentricity : 0.2 (g) Eccentricity : 3; Foci : (£3,0)-

(d) Vertices : (£10, 0); Eccentricity : 0.24 (h) Eccentricity : 1.25: Foci : (0,%5)-

6. Use the discriminant to determine whether the equations of the graph represent parabo-
las, ellipses, or hyperbolas. i ) ,
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(a) 162> — 24wy + 9y® — 30z — 40y = 0
(b) 2* —dzy— 2> —6=0
(c) 132% —8zy + Ty* — 45 =0

(€) 7* — 6zy — 5y +4z—22 =0
(f) 362% — 60zy + 255° + 9y =0
(&) 2 +4xy+4* —5x—y—3=0

(d) 22° +4zy + 5y + 3z -4y —20=0 (h) 2> +oy+ 42 +1+y—4=0 -

7. Rotate the axes to eliminate the zy-term. Sketch the graph of the resulting equation,
showing both sets of axes.
(a) -y =2

(8) V2a2+2V2zy+V2y*—
(b) 2 +zy+y2=1

8z +8y =0

(1) 92%+6y*+4zy—20 =0
(m) 2% —10zy+4>+1=0

8. Graph the equation /T + v/% =1 and show that it is a portion of a parabola.

9. The eccentricities of conic sections with one focus at the origin, along with the directrix
corresponding to that focus are given. Find a polar equation for each conic section.

(a) e=1,z=2 ey ol ==
o Teh @) e 5 10 (g) e ik 2
() e=5y=-6
. 1 ) (e)e=1,y=2 (h)€=ly=6 i .
C)E="2°wz=1 (f)e=2,z=“47 : B e S
0. Sketch and identify the graph. '
el e el 8. s
1 gi(nﬂ;f&i;\_r/ 3 +2cosf 24 4sinf
e e el ST s PO
Bk T e ((2 T(Z why L o7 2+ Gsing
i r(2+sinf) = S
) "= 2% cost (5)/r(3—2cose)=6'.- A, 1+ 2cosf
11. Write the polar form of the equation of the conic
(2) Ellipse: focus at (4,0); vertices at : (5,0), (5, 7)
(b) ngperbola: focus at (5,0); vertices at : (4,0), (4,m) :
o ' }
(d) % +y’ =1
2 2 )
& & S'L -X
ﬁé&,ﬁ% |
: : i . (\ (’L 'f\rq'\
P Ly
2 /\,,, : ; ) (2 4
bR R0 I S
]‘/6 CO . T = /\\/

Page 2.7

(c) 32%4+2V3zy+1y>—8z+ (h) zy—y—2z+1=0. (n) 522 —2xy+5y%—12 =0
8V3y =0 (i) 3z + 22y +3y* =19 (o) 92° + 24zy + 16y +
C(d) 2= VBEzy+ 22 =1 () 32> +4V3zy—4> =7 80z — 60y =0 _
) l (e) 22— 22y +3° =2 (k) 2?2 +4° +2zy+2vV2z — (p) zy —2y—4dz =0 ~
(f) 322 —2vBzy + 12 =1 2v2y +2=0 :
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THE UNIVERSITY OF ZAMBIA
SCHOQL OF NATUR.AL SCIENCES
_ LEPARTMENT QF. AMATE
. MAT 2100-Analytic Geom
Tutorial Sheet 2

April, 2018

-1. Evaluate the followmg hmxts

- i

ef —e™® 2 3sihx ﬁo/ sinz —tanz -
(a) h 50 ‘)smg; G f‘/ (c)i/ hm (d) i—»o z?sin =
B] W e L
\ ) ::i)O"’ VT 1 N
g
=y 2. Gwe an € — ¢ proof of the following limits: y .
(a) hm[ Vcfore> O 7 (e) hm(22—1) —-1v (e) lim : ; :i ?/
1 1 . i .
B b= L7 @ g T2~ 100
\ ~ & .
3. Find the following limits: ‘ ke
"(a) lim (tanz)"2= (@dlim = (9 I+l s
§ 4 : T Insin? z (Inz)?
®) fjmesst - (¢) Jim 2SR ) i =2
(¢) lim (1 S ® }"‘%(ta”"sec-f”) (1) lim z3lns
4. Verify that the function sa.tlsﬁes the three hypotheses of Rolle’s theorem on the given
interval. Then find all numbers ¢ that sat:/sfy the conclusion of Rolle’s theorem. -
o (a) f(z) =2>—4z+1,[0,4] (d) f(z) ==zvz +6,[—6,0]
(b) f(z) = 2® - 3z + 2x+5v 0,215 _(e) flz) =4z — tannz, =54
S (c) f(2) =sin2nz,{-1,1] (£) f(=) = & — 4sin®, [0, 7]

5. Decide whether the Mean Value Theorem applies to the given functxor on the given
mLerv-]] If it does, find all possible values of ¢.
\,a.) 7\'!‘,') ‘J;' ,1_‘2:

b} Flad= =g [~ 0.2

6. Use the Mean vaiue Theorem to show that s = + decreases on any interval over which
it is defined. =

7. The Intermediate value Theorem states that if f is a continuous function on the interval
la, b} and W is a number between f(a) and f{b), then there is at least one number ¢
such between @ and b such that f{c) = W.
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\

FIZIE MATH LAB



FIZIE MATH LAB

. Let

‘10.
1,

12.

Use the Intermediate Value-Theorem to show that the equation 7 — cosz = 0 has a
solution between x = 0 and z = %. )

T if = is rational
—z  if z is irrational.

-

Sketch the graph of the function and decide where it is continuous.

. Find equations for () the tangent lines and (i3) the normal lines to the hyperbols for

the given values of z.

2 2
K z g

B T-5=1 =z=4 g

. e - 22 y2 E = ' ‘ 4 -
Show that the equation: of the tangent line to — — il 1 at the point (Zg,%0) is

a

fﬂx oo g 4
a? 27 : ¥

Let C denote the circle whose-equation is (z —5)2 +%>. Notice that the point (8, —4) lies
on the circle C. Find the'equation of the line that is tangent to C at the point (8. —4).
Also, find the normal to the tangent at the same point.

The so called devil’s curve is described by the equation
¥ (y* —4) = 2%z - )
(a) Compute the y-intercept of the curve.

(b) Use implicit differentiation to find an expression for j—y at the point (z, ).
T

(c) Give an equation for the tangent line to the curve {(v/5,0),
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THE UNIVERSITY OF ZAMBIA
‘SCHOOL OF NATURAL SCIENCES

DEPARTMENT OF MATHEMATICS & STATISTICS
MAT 2100 —Analytic Geometry and Calculus

Tutorial Sheet 3

April, 2018

lim any:
n—yoo N
3n? + 2
(2) an = 2n —1

 Determine whether the following sequences converge oOr diverge. If it converges, find

V3?12 g w Uﬁ:
) =" Gl e A

_ Confirm that the integral test can be applied to the following series and use it to deter-

mine whether they converge or diverge.

=
® 2 7

n=1

Inn
® 25
n=2 S

series:
o<

s
8.2y o

n=1

e e L
o) Z 3n2+2
n=1

series:
oo

(a) ZSin %

n=1

®- 2 71,

 Determine whether the following series converge or diverge:
o0

(a) E (—’;1)”21

n=1 T

= lon T
@;# @;mj

g
o (d _—
()nzzjzn Inn

. Use the direct comparison to determine the convergence or divergence of the following

| w g
() 2_227;‘—1 ) 2211—1
o e M wibm
@ }_;————ﬁ_l sty

. Use the limit comparison test to determine the convergence or divergence of the following

o 1
© 2 7ET
(d) 2= 1

Bn
5m 41
n=1 ]

n

—1)n+t 2 (—3)» ! E
8 e © 2( & JMMMM&

n=1



= (=) o= {—1)"n
(d) (G T
iy Z: en () Zln(n—Fl)
n=1 n=1
6. Use the ratio test to determine the convergence or divergence of the following series’
o 1 o0 6 n " g (3) n
— s &5 1" 113
(a') Z on 7 (C) ETL( ) (e) Z ( ) \2 oo
n! ( 1>n+1('fb + 2) n=1
QM -4 ) Z

n(n+1)

7. Use the root test to determine the. Lomelgence or divergence of the following series:

(a) Z (7’{?1)” Ze‘s"

n*

(b)z[4n+3> () n

\in—1 4~ (Inn)"
8. Find the Maclaurin polynomial of degree n for the following functions
(a) flz)=¢€%, n=4 (©) f(g;) o pe=d  (d) flz) =secm n=2
() flz) =a%e? n=4 z+1

9. Find the nth Taylor poly nc*rua.l centh,d at c.
(a) f(x) sh=3E=1 e N
(b) f(z) = \Fnasb_ax H

i)l i 08 T M s R e B T

10. Find the radius of convergence of the following power series -

BE S P

n=0

= < (2n)!
®) S (4a)” () Z( i

n=0 ¢ i n=0

il. Find the interval of convergence of the following series (Be sure to check for convergence

at the end points of the interval. ) -
2n 1

L e |G )i (=12
&) Z (n 4 1)4n+1 Z 21+ 1 (©) Z n!

n=0 " n=0
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THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES
DEPARTMENT OF MATHEMATICS & STATISTICS
MAT2100 Tutorial Sheet 4

S . May, 2018

1. Evaluate the Riemann sum for f(z) = z?+ 1 on the interval [—1, 2] using equally spaced
on points —1 <0.5 < 0 < 0.5 <1 < 1.5 < 2, with the sample point Z; being the
} : midpoint of the ith subinterval.

2. Evaluate the Riemann sum for
— e
f(@) = (z+1)(z—2)(z—4) =2° - 52° + 22+ 8

on the interval [0,5] using the partition P with points 0 < 1.1 <2 < 3.2 <4 <5 and
the corresponding sample points 7; = 0.5, Ty = 1.5, T3 = 2.5, T4 = 3.6 and T5 = 5.

3. Use the3deﬁnition to evaluate the follg)wing definite integrals

(a) / (z +3)dz (b) / (2% — 8)dx &
i 5 i

4. Sketch the region corresponding to each definite integral. Then evaluate each integral
using a geometric formula formula

(a) / 4dz (b) /0 3(:c+2)dx (c) /A Zmdx

5. Evaluate the following integrals usmg the limit deﬁmtlon

(a) /::L 5 : ()/(m + 1)dz (c) / 4z%dx

6. Suppose f is integrable on [a,b] and m < f(z) < M for all z € [a,b], and m > 0, M > 0.
Prove that

b
m{b—a) < / flz)dz = M(b — a)

1
Use this result to estimate / V1+zide.

)7 Evaluate the following derivatives:
e —————————

7y [ /l r%t} (b) d[ 4 \/f/z_ J
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d - 2 s 37
(c) ﬂ[/, tan tcostd,t}, —2—<'x<7

x 8. Find the average value of the function defined by f(z) = @sin z* on the interval [0, v/7].
R

1

/97 Find all values c that satisfy the mean value Theorem for integrals for f(z) = e . O
— AT T -

" on [0,2].

KIO\ The region A under the curve y = 1/z2v/2% — 1, above the x-axis and between the lines

z = 2/v/3 and z = 2, is revolved around the y-axis. Find the volume of the resulting
solid

\ ll Find the volume of the generated when the reg10n between the semicircle y =
G o T 22 and the line y= l is rotated around the x-axis.

12. Sketch and find the area of the region between the curve y = z° and the lines y = —x
and g = 1. Y

¢

13. Find the area of the region bounded b\y the parabola z = g2 —r? and the liney = x — 8.

14. Find the area of the bounded region in the first guadram between the curves dy + 3z =7
andy =2 2

Ta

~o~ 15. Find the length of the arc of 24zy = z* + 48 from z = 2 to = = 4.
16. Find the length of the arc of 27y? = 4(z — 2)* from (2,0) to (11,6v/3).
17. Find the length of the arc of z = 3y*? — L from y =0 to y = 4.
Dl ofuhe arc o

18. Find the centroid of the given planar region bounded by the following region:
—

(a) y=2%,y=0andz=1 : |
(b) the semicircle y = va2 — 22, and y =0 SRS
(c) y=sinz,y=0fromz=0toz=m

V7

19. Find the volume generated by revolving the given region about the given axis.

(a) y= J,d “under the line y = 1, and between z = 0 and = 1; about the x-axis
(b) y = 2z, above the x-axis, and between z = 0 and z.= 1; about the y-axis

NoNe

Page 2

: - \ : «
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THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES
DEPARTMENT OF MATHEMATICS & STATISTICS
MAT2100 Tutorial Sheet 5

June, 2018

1. Evaluate the following antiderivatives:

1 x
d ——d
(®) / /T © / B ey g
(b) /COS‘/— () /x\/aaH— dz
. 0s 3r
gty ()./(4‘%)’&(# /Sln 3z
(d) /xzx/r‘ 23+ 5dx /tan zsect z dx
2. Evaluate tlée following mtegrals
2z
6l fies 0 f s m
(b) _ B /
V25 5 72 x\/917 — 16
s
5
(©) 25 — 16(3132 /I\/.ﬁx- -2
y e Ty
(z —3)Va? — 62+ 8 kl—r
) - dux / 2z dz
’ V3 — 222 Vbz — 22
3. Find the 1nd1cated antiderivative.
— (a) 2% dz /sm Lz)?
(b) /cos(lnx)dx / z"lnzdx
(c) /ﬁ” cos b du: /(‘/I(
@) / (Inz)?de / In(z? + 1)
¥(e) /IZ tan™" z da (1) / zsinnz dz
: Inz
) /?d:l} (m) /zr dz
(g) /I\/1+$d1‘ / 2-%dz
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() / 22 esc? o do
0 [antacotoan
) / Ve ~1dz
(n / V2% 1dx

Gl
k)/ .
z? 4 8z + 20

28 dx

0 Vi
w [

)/edz

4 + e2=

()/‘coszdr
5 +sin’z

( 0) 7.2\/52 da

() [ e seca(e —1)dt

6’
/ Jix_xdx
/a‘sm Y% d
t) /w tan"! 2 dx
(u) /sm x cos z In(sin 7) dz



B |

4. Find the reduction formula for the following:

(a) / cos” z dx (e) [ 2"sinazdzx (i) f tan"zdz

(b) / sin® 2 dz () / (a;—_z_d;? G4)
(c) /sec“md:c (g) /xm(lnm)” dz (k)
@ / e®dz (h) / T T

5. Use the bubjtltutxon z = tand / 2 to Lvaluate the following:
i

2
z"e® dz

2" cos X

e — S —

1—sinz

(b) /5+451n9

1+ BCost (
z

(d) /3 —4sinf + 2cosf

£ /5—_—%; ) /

m|§’

sinfcosf + sinf

6. Evaluate the following:

x4~4x2+z+1 2% dx
(“)/ e /(mfl)(m2+4)2

222 — 1 22+ 1
/(35“1 56—3)01@1) /x(z2+x+l)2dr

(c)/ 39:2 z—r—3d @) /111561
zf dx ; T
@ /(w DICEEEED) (J)/ iy
(e) / __—(xZ—gl)(zg%rél) (k) /xd—b—ldx
: 7 T
(f) ,/_—_m(scz—i» g 0] g +cosz
Page 2
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e / =
1+25m5‘9 2 1nz—tcos1 (m) 14 cosz

3—2smcc (n) ,/l—%-smx

/ *dz
(@ a2y
/sm zcos™ x dx

2" sin 1.'L'

z(lnz)" dz ) /($ +a®)de

) /§ dé
o z 1+ siné + cos@

do
m / sin@ — cos

Cos T
sinx — 1
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/ 1d§3r
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THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES
DEPARTMENT OF MATHEMATICS & STATISTICS
MAT2100 Tutorial Sheet &

August, 2018

ot

10.

. For the following vectors find; (i)A - B, ||A||,||B||; (i¢) the cosine of the angle between

A and B; (iii) the scalar component of B in the direction of Aj; (7v) the vector proj,B.

(a) A = 2i~4j+v5k, B = —2i+4j—v/5k ) A= —it+t—j+-—=kB=-"=J—k
(b) A = (3/5)i + (4/5)k, B = 5i + 12 0 V2 V3 VB V2
(c) A =10i+ 11j — 2k, B = 3j + 4k (8) A=—i+j,B=v2i+V3j+2

(d) A=2i+10j—11k,B=2i+2j+k (h) A= —5i+j,B=2+V17j + 0k
() A=—2i+7j,B=k

. Find the length of the indicated portion of the curve.

(a) r(t) = (4cost)i + (dsint)j + 3tk, 0<t< /2

(b) r(t) = (cost+tsint)i + (sint —tcost)j, w/2<t<w
(¢) r(t) = (et cost)i + (e'sint)j +e'k, —Ind<t<0

(h) r(t) = (1 +2t)i+ (1L +3t)j+(6—6t)k, —-1<t<0

. Find the unit vectors that are tangent and normal to the curve at the given point (four

vectors in all). Then sketch the vectors and curve together.

(a) y=a%,(2,4) (e) 2% —6zy +8y° — 2z —1=0,(1,1)
(b) =® +2y° =6,(2,1) ; f/ T dt, (0,0
(¢) y = tan"'x, (1,7/4) 0 v= s Va3 dr, (0.0)
(d) 3z%+ 8zy +2y°> —3=0,(1,0) @ y:/ In(In £) di(e, 0)
e

. Verify that A x B is perpendicular to both A and B, when A = (1,3,—1) and B =

(2,0,1).

. Find a vector N that is perpendicular to the plane of the three points P(1,-1,4),Q(2,0,1)

and R(0,2,3).

. Find the area of APQR of problem 5.
. Find the distance d from the origin to the plane of problem 5.

. Find the of the parallelepiped formed by the vectors PQ and PR problem 5 and the

vector PS, where S = (3,5,7).

. If A = (2,—3,1) is normal to one pane PB1. and B = (—1,4, —2) is normal to another

plane 9B,, show that 93, and 9B, intersect and find a vector parallel to the line £ in which
they intersect.

Find the vector representation, the parametric equations,and the rectangular equations
for the line through the points P(1, —2,5) and Q(3,4, 6).
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1.
12.

13.

14.

16.
17
18.
19,

20.

22.

23.

24.

Find the points at which the line of problem 10 cuts the coordinate planes.

Write equations for the line through the point (1,2, —6) and is parallel to the vector
(4, 1,3‘).

Write parametric equations for the line through (—1,4,2) and is parallel to the line

.’11—2_-_

4

3

(SR

Show that the lines ¢ = 1+t y =2t 2= 1+3tandx =35,y = 25, 2 = 2+
intersect,and find their point of intersection.

. By the methods of calculus, find the point Pi(z,y,2) on thelinez =3+¢,y =2+t 2z =

1+ ¢ that is closest to the point Py(1,2,1), and verify that /5P is perpendicular to the
lines. :

Find the equation of the plane through the points P(1,3,5), Q(—1,2,4) and R(4,4,0).
Find the equation of the plane through the points (3,2. —1), (1, —1,3) and R(3, —24,4).
Find the cosine of the angle # between the planes 4z +dy — 22 = 9 and 2z y+ 2z = —3.

Find parametric equations for the line £ that is the intersection of the planes in problem
16.

Find an equation of the plane containing the point P(1,3,1)-and the line £: o =ty =
Liz=142.

. Show that the line 58 = ¥l = 22 lies in the plane 3z + 4y — 52z = 25.

5 3
Show that the line £ of intersection of the planes z +y—z=0and 2 —y — 52 + 7 = 0
is parallel to the line 97 determined by £t = ¥l = 228,
Find an equation of the plane Fy(2,—1,—1) and Pi(1,2,3) and perpendictlar to the
plane 2z + 3y — 52 ~ 6 = 0.
Find T, N, and & for the following plane curves:
(a) r(t) =ti + (Incost)j,—w/2 < t < /2

(b) 7(t) = (Insect)i + tj,—m/2 <t < m/2
(¢) r(t) = (2t + 3)i + (5 — t2)j
(h) r(t) = (cost +tsint)i + (sint — tcost)j, ¢t > 0
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THE UNIVERSITY OF ZAMBIA
- SCHOOL OF NATURAL SCIENCES
DEPARTMENT OF MATHEMATICS & STATISTICS
MAT2100 Tutorial Sheet 7

September, 2018

2. Find the limit for the following, if it exists

. Find the domain of definition of the function

Y =<,

(B) flay) = ln(ié — 1' —y*) +In(z? + y* ~ 1)
(c) flz,y) = e In(zy)

2y P : Yy . ey |
li (d) im: == limy . e s
LR e v ()00 /a2 4 32 ) i a? 4y
2zy ’ & : z8 4y

1 —_— e lim ———— 1 m
) (m;y)l—xvl%ﬂ,O) xz it y34 (%) (z.9)-(0,0) 22 jjy"’ (b (:r:,y')1—>(0,0) x22+2y 5
Ty £ li e : oy
e 2 ()

> 1 e T g e
(c) (m-.y)nffo,o) z2 +y? (z9)=(0,0) T4 + y*

. Determine whether the function

= e o if (z,y) # (0,0)
/@) {O if (z,y) = (0,0)

is continuous at the origin.

. Suppose f is a function of two variables x and y. Show that if f is differentiable at

(z0,%0) then it is continuous at (zo,¥o).

. Show that f,(0,0) and £,(0,0) both exists, but the function is not differentiable at (0, 0),

where f is /d‘eﬂned as

3 : =2 if f(z,y) # (0,0)
) = z74y? 1
J(z,y) {0 2

if f(z,y) =(0,0)

. Find the partial derivatives f,, f, and f.

() f(=z,y,2) = xy?2®
g) f(z,y,2) =Inzx—Iny — ze*
(h) flz,v) = (=" —1)(y+2)

(2) flz,y) = 4z® — 32%y> 4 2z +- 3y
25
(b) flz,y) = %

(© I(wy) = {337 Q) f=z,y) = ff:%
(d) flz.y) = e \ () f(z,y)=e?lny
= (k) f(z,y) =cos*(3z —9®)

)i tan N
(@) f,9) = tan~'(%) e e s



7. If z is implicitly defined as a function of %z and y by 2% + 4 + 22 = 1, show that
8z Vil 1
Ta + Ysy =275

8. If 2 is implicitly defined as a function of z and y by 22 + y% — 22 = 3, find 22 and gﬁ'
- P 9z _ e
9. If z = In /22 + 42, show that To+yg =
10. Let 2z = u%® where u =2+ y and v = » — y. Find 22 and %’.

11. Verify Euler’s theorem for the function

{a) flz,y) = /22 £ 2 {c) Mx,y. 2) = 3z22 — 2ry> + 4%

(b) flz.y) = 2P + 2%y —

z? 4y

12 If 2= In(2® + %),z = e~y = ¢, find %&.

=13 B jr;'d' all the local maxima, local minima, and saddle poini;s'of the following functions:
(@) flz,y) = ny—5€3~2y:+4x+4y—4 i )~ 4 Ty + -
{b) f(z,y)=2xy—a; —2y°+3x+4 - T y
(c) flz,y) =22%+ 2y — 9z 4 SE = 12y \e.) fgz,y) = y2smx :
(f) J(z,y) = c* cosy
14. Find the absolute maximum and minimum values of the function 2?2 — 2zy + 2y on the
rectangle D = {(z,y) : 0<z < 3,0 < y <2}

15. If f(z,y) = e"y® — 2%Iny, verify that fezy, foye and fyqq all are equal.
16. Find the shortest distance from the point (1,0, ~-2) to the plane aﬁ 2y +§ =4y

17. A rectangular box withoust-a lid is to be made from 12m2 of cardboard. Find the
maximum volume of such a box.

18. (a) If z = f(z,y) = 2% w3zy — y2, find the differential dz.
(b) If z changes from 2 to 2.05 and y changes from 3 to 2.96, compare the values of Az
and dz.
19. The base and height of a right circular cone arc measured as 10cm and 25¢mn, r&spcctively,
with a possible error in the measurement of as much as 0.1em each. Use differentials to
estimate the maximum error in the calculated volume of the cone. TN

(,J
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THE UNIVERSITY OF ZAMBIA
SCHOOL OF NATURAL SCIENCES
DEPARTMENT OF MATHEMATICS AND STATISTICS

MAT 2100 TUTORIAL SHEET g
October 2018
1. Show that the following functions are solutions of the accompanying differential equation,
: 1 C
(@) ="~y =0, y=2z+3 (b) y’*§y=1, y=;+§
(©) 2" + 42y 4 2y 4 gy = o, y=(1/2)z
2. Separate the variables and solve the following differential equations:
() z(2y — 3)dz + (22 + l)dy =0 (b) 2*(y? + 1)dz + yv/z= + ldy =0
(c) % ="V (d) sin 15—; + ccish 2y=10
(e) \/Zzyj—z =

Show that the following equations are hor
(8) (#* +y®)dz + aydy = 0

nogeneous and solve thern
Solve the equation

(b) 2%dy + (y* — zy)dz = 0

‘(I+y+1)dz+(y—x—3)dy=0
by making a change of variable of the form

r=r+a, y=s-+b
and choosing the constants a and b so that the resulting

equation is

(r+s)dr +(r — s)ds =0

Then solve this equation and express its solution

in terms of z and v.
5. Solve the following linear differential equations
dy
a) —— 42y =¢e~%
@) —+2y=c

(b) 2% —y=e?

dy sinz
) 222 + 3y =
(c) 2—= + 3y
(d) zdy + ydz = ydy

z2
(e) (z - 1)3% + 4(z — 12)y =z+1

Test the following ordinary differential equations for exactness and solve
(2) 2zyPdz + (32292 + 2)dy =0

them
(b) cosada — 2sinydy = 0
(c) (we® + ¢= + y)dz + zdy = 0

If a,b and ¢ are constants and

is an exact equation, what rela
such conditions.

(a2” + by®)dz + caydy = 0 i
tions(s) among the constants ﬁmst hold? Solve the equation subject to

1
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10.

11

12.

16.

. If a,b and c are constants and

{az® + by?)dz + caydy = 0

is not an exact differential equation but has the integrating factor 1 /z?, what relations among the
constants must hold? Solve the equation subject to such conditions.

. Solve the following differential equations

d’y  dy dly  dy d?y 2 -
d)'&TﬁJ‘“Z%'O (b)a;-é-+ya-—0 (c)—(Ix—z—}-wy——O(w—-umstantr\J)

(d) oy — 2" = O (Hint: Substitute ¥ = )

Solve the following differential equations subject to the given initial conditions &

(a) ¥" =4 =0 y0) =1 ¢ =-2
) ¥ +2y +y=0 y(0) = 0, y'(0)=1
(©) 20"~y —y=0 () = -1, ¥(©)=0
Solve the following differential equations by variation of parameters:
d*y | dy d%y 7 T d?y dy
g) —= — = by — g = R S = el — e
(a) o gy (=2 (b) 22 TV tan, 55 <5 (c) 2 +2da: +y=¢€
Solve the following equations by the method of undetermined coefficients:
dy  .dy Py Ay Py Ly 2
G A B DU e Sd g o =
(a) o Sdz 10y 3 (b) =7 b sine (c) e 2= +y==z

d;
. Solve the following Bernoulli’s equation —% +y= (zy)?.

d:

t
. Solve the integral equation y(z) + / y(t)dt = z.

0

15. Use power series to solve the following differential equations and find the interval of convergence of the

power series.
(2) ¥ +3zy=0 (b y'—azy' =0 (Qy" -z —-y=0

Find the first three terms of each of the power series representing independent solutions of the following
differential equations:

(2) (x> +4)y" +y=0 (b) y"' + 2%y =0



FIZIE MATH LAB

dx
5 @ }:Z + C
2
Sy X
J =k E
Shewy



\2> ®) x (29 -3) dn 4 (M) 'ka = o

b,}'_ B win Jj
N Ay-2

J\/ zz:l cl?c +f*):l;?°«1\jzc

= 1) g’fepvvah’ J

Lol 40| 4 Linlag-3| = ¢
X L

(21 F In| ] = e

o IM[ER (gl <te ok

( (X%O (‘13 —3)/ o /
:'):H ( wi] & i,{ .;k
(4 Wﬁ) ‘

¥ Bl
=k | + 3
i) %

®) 2Tyt ) dae &y dacy Y=o

134 g’M\ 5
1l
f~" J f'—“i:ln e
J 4™

e

FIZIE MATH LAB



S

FIZIE MATH LAB

¢ ¢
e
% & ¢ -»
4 - il P
C %\\7(711
s k ]
! e I \
. % \[““g””’f‘
\j C%Wr\ \
© dy - X
JI



@) smx ,:f"( 4 Gghdy = o
h g
f St dx 4 cosiay dy = o
B d ) e
Jg,m( dx f ‘f(f@ﬁﬂfj d‘f =

—(Cos X *1“,( finhlj N
X *

-a[;gw\p}mj: GT(\OS"')C

§m Why = ef rt2corx {

; L =Rp

j g —;f: Diniy ™ (C’TQCM’C)

©) Jary i[f = |
/’7! dl 5y
5 dy - fr A

Y/a I/;\

J1 Inz
ll (’ @ cl)(
| n X
A

b .

FIZIE MATH LAB



Q}Q: f B

jhx

Lk y-= (’\v\x}" B Y (1n)” (1)()

FIZIE MATH LAB



FIZIE MATH LAB

Ly dy = = (xlayl)
B o ket
¥ IC :(j =

"
oo = b
F(v) [ = v)
hiwee 4)  ODE $ \xww,ocj&w;w;p

'“-; V2 ¥ -’rﬁb’

d
x

—qdy o Ay 4
di v
—xdy ooaya

dx AV

Il 2yt + 4 mye) = T
ln | 24 (WLH)\ =Go

| L
‘ Q\’k. q,‘L_.
o\ | 1™ + 1 {ekfc
’11q‘jq+1tf’ z C%
Wyt e T
,’k_\ K ,IL

= 5+ X
(j nt > 5

C‘

¢ C

¢



!
dy Ny - Y 1 1Ty
- : - gt -
Q‘X 3(1 = X ;?— = \1-Y c_fc\c)

2« \
crrml B L ETE

(M & ok 4 Goen) yea

W = kg 1= F+ s
: dx = d v Q'L\j: "LS*
(\r a3 + S ~+l) Q]r 2 (S,J[L,\k -2 ‘1)43‘:0

dnd b g = q
(.\ el P W -4
F oo 8 «LP)Q\r ¢ € 8wy #‘1/')015 = 0

ds)dr v G5or)ds apde vqds o
“ KF*S') dv + (.S"r)"’S ¥ O=p

FIZIE MATH LAB



OhSomed Ak ot p dr  doerds 1 eXg ed
it P Jr < %G dy = O
btlate 0P 0% _ o

e —

s dr
By Med M fau o sdg =rds
W baswt o (gor) ds = (r-s) ds

s (ra9de 3 e ds =0
(r "H\’) er :@wk)ds

éf’ = $-r 'f: =
3§ & = S
r s Ty
o
bed y = 8
-
ol éft = u = FC\/)
AN Ly
I"*WN%L‘WM S

N
d s m ~
D R s
§ e
0L [Ql“‘
- (s < 98

FIZIE MATH LAB

£o



\-“ J”f (t+v) \‘\1 } g _& e w= Inlgl 4 g

\ad )
fed Yo TEab .o BaTecly
dy = seclp de
» j k +1&Me><3@89/)4 \sl +c
SecXg

g f (14 me)«ie = Inls| v ¢

i (/&vi‘n\usel) s \V\\S'\ S

iy o w e e

4 \n cux(\ a g>\ = YEh R €

5
ks
S e

xX-3

=

FIZIE MATH LAB



FIZIE MATH LAB




FIZIE MATH LAB



lﬂ\x( 3
T L= “;H“l\"ff I | 2-v)
Q\h\‘x\ s i T L C\ﬂ\;\/\yﬁq)
\2u _yt
“(‘“ )L“-ﬁg—cx ) = 2lnlx| 4 2o

=~ (in] ay J” = 2Inl2| 4ac

I ‘mjx%}x s Unlz] tac
: [n l“{;};f::y -2
\ le‘%‘"{i\ = GXC
B e ha e

FIZIE MATH LAB



FIZIE MATH LAB

+ ___(5/< = (,) = ((x. ‘Lﬁ
/\V u:i ) o 36

L WA
!
Ifg \»i;_ _9“,_
2 Cx--i)w Q:(_‘)L' Q:C‘D%



CLIS 4R g
Y ax
YmaR é,”‘ 5 dj“ o ODE  \y Exawd
d k} dx »

FIZIE MATH LAB



FIZIE MATH LAB



GOD BLESS YOU IN YOUR EXAMS

FIZIE MATH LAB



