
Analytic Geometry and
Trigonometry

l. To find the width of a river, a surveyor sets up a
transit at point C on one river bank and sights directly
across to point B on the other bank. The surveyor then
walks along the bank for a distance of 275 m to point A.
The angle CAB is 57" 28'.

275 m

What is the approximate width of the river?

(A) 150 m

(B) 230 m

(C) 330 m

(D) a30 m

2. In the following illustration, angles 2 and 5 are 90o,
AD - 15, DC -20, and AC -25.

D

What are the lengths BC and BD, respectively?

(A) 12 and 16

(B) 13 and 17

(C) 16 and 12

(D) 18 and 13

3. What is the length of the line segment with slope 4/3
that extends from the point (6,4) to the paxis?

(A) 10

(B) 25

(c) 50

(D) 75

4. Which of the following expressions is equivalent to
sin20?

(A) 2sin?cosd

(B) cos2 0 - sin2 0

(C) sin 0 cos?

/n\ | - cos20
\rJi ,-

5. Which of the following equations describes a circle
with center at (2,3) and passing through the point
(-3, -4)?

(A) (r+3)2 + (a+ 4)2 :85
(B) (r + 3)2 + (y + 2)2 - \/74

(C) (r- 3)' + @ -2)2 :74
(D) ('-2)'+@-3)2:74

6. The equation for a circle is *+Ar+f +Ay-g.
What are the coordinates of the circle's center?

(A) (-4, -8)
(B) (-4, -2)
(c) (-2, -4)
(D) (2, -4)

7. Which of the following statements is FALStr for all
noncircular ellipses?

(A) The eccentricity, e, is less than one.

(B) The ellipse has two foci.

(C) The sum of the two distances from the two foci
to any point on the ellipse is 2a (i.e., twice the
semimajor distance).

(D) The coefficients A and Cpreceding the & and f
terms in the general form of the equation are
equal.
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t-2 FE CIVIT PRACTICE PROBTEMS

8. What is the area of the shaded portion of the circle
shown?

(D) aen - t/5

9. A pipe with a 20 cm inner diameter is filled to a
depth equal to one-third of its diameter. What is the
approximate area in flow?

(A) 33 cm2

(B) 60 cm2

(C) 92 cm2

(D) 100 cm2

lO. The equation U-- ar* aar is an algebraic expression
for which of the following?

(A) u cosine expansion series

(B) projectile motion

(C) u circle in polar form

(D) u straight line

I l. For the right triangle shown, r - 18 cm and
9: 13 cm.

lz: 13 cm

Most nearly, what is csc 0?

(A) o.e8

(B) r.2
(c) 1.7

(D) 15

72, A circular sector has a radius of 8 cm and an arc
length of 13 cm. Most nearly, what is its area?

(A) 48 cm2

(B) 50 cm2

(C) 52 cm2

(D) 60 cm2

13. The equation -3r2 - 4A': 1 defines

(A) u circle

(B) an ellipse

(C) u hyperbola

(D) a paraboia

14. What is the approximate surface area (including
both side and base) of a 4 m high right circular cone
with a base 3 m in diameter?

(A) 24 m2

(B) 27 m2

(C) 32 m2

(D) 36 m2

f 5. A particle moves in the r-y plane. After I s, the r-
and grcoordinates of the particle's location are
r - 8 sin f and U : 6 cos f. Which of the following equa-
tions describes the path of the particle?

(A) s6* +64,f -2J04
(B) 361 -64f -2304
(C) 64# +s6f -2J04
(D) 64i - 36a' :2304

ff-r
(fr)ts'-sr
50n

3

(A)

(B)

(c)

x: 18cm
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ANALYTIC GEOIIETRY A1{D TRIGONOIIETRY 1-3

soLurtol{s

l. Use the formula for the tangent of an angle in a right
triangle.

tan?: BC/AC

BC : AC tan0 : (z7b m)tan 57" 281

- 431.1 m (430 m)

The answer is (D).

2, For right triangle ABD,

(BD)'+ (AB)2: (15)2

(BD)'- (15)2 - (AB)',

For right triangle DBC,

(BD)'+ (25 - AB)' - (20)2

(BD)'-(20)2 -Q5-AB)',
Equate the two expressions for (BD)'.

(1b)' - (AB)' - (20)2 - Qb)'+ 50(AB) - (AB)'

AB: $q2 - Qo_)2 + Qqz - s-50
BC:25-AB -25 -9:16

(BD)'- (15)2 - (e)',

BD_ 12

Alternatively, this problem can be solved using the law
of cosines.

The answer is (C).

3. The equation of the line is of the form

u:mr*b
The slope is m:413, and a known point is

@,il: (6,4). Find the grintercept, b.

4: (t) (6) + b

b:4-(*)(6) :-+
The complete equation is

Y-tr-4
b is the grintercept, so the intersection with the graxis is
at point (0, -4). The distance between these two
points is

4, The double angle identity is

sin20-2sin0cos?

The answer is (A).

5. Substitute the known points into the center-radius
form of the equation of a circle.

,2: (* _ h), + (y _ k),

: (-B - 2)'+ (-4 - s)'
:74

The equation of the circle is

(r-2)'+@-3)2:74

(f :74. The radius is 1/fu.1

The answer is (D).

6. Use the standard form of the equation of a circle to
find the circle's center.

12+4r+a2+Bg:0
12 + 4r + 4+ g2 + 8y+ 16 : 4 + rG

(r+2)2 +(y+4)2:20

The center is at (-2,,-4).
The answer is (C).

7. The coefficients preceding the squared terms in the
general equation are equal only for a straight line or
circle, not for a noncircular ellipse.

Ar2 + Bry * Cy' + Dr * Ea *F : 0

The answer is (D).

8. The area of the circle is

4_(150")(%#) :f ,ud

o__r2(0 - sin4)
2

,-',2 /5It 5n)(// \6 -rtr 6/
2

: f19\ /r" _ l\
\2/\6 2/
/ AO\
(#J(5ft-3)

The answer is (B).@r-a)'*(*r-*r)'
(4- (-4))'+ (o - o)'

The answer is (A).
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t-4 FE GIVIL PRACTICE PROBLEIIS

9. Find the angle @.

d:2{arccosf(r - illr]]
6 /L0 cm - 6.67 cm\
Z arCCOSl 

---- 

I\ 10cm /
:2.462 rad

Find the area of flow.

A: [rr(@ _ sin il]12
(10 cm)2 (2.+a rad - sin(2.462 taa))t,

:9L67 cm2 (g2 cmz)

The answer is (C).

lO. A- rnr+ b is the slope-intercept form of the equa-
tion of a straight line. o1 and a2 are both constants, so

U: at+ oyr describes a straight line.

The answer is (D).

I l. Find the length of the hypotenuse, r.

, - 1/r\ u'- r/1ts c*)2 + (13 cm)2 - 22.2 cm

Find csc 0.

13. The general form of the conic section equation is

Ar2 + Bry -f CA' + Dr I EA *F - 0

A: -3, C: -4,, F-- -1, and B: D: E:0. A and C
are different, so the equation does not define a circle.
Calculate the discriminant.

82 - 4AC: (o)' - (4)(-s)(-4) - -48

This is less than zero) so the equation defines an ellipse.

The answer is (B).

14. Find the total surface area of a right circular cone.
The radius is r - d/2 - 3 m/2: 1.5 m.

,4. : sid.e area * base area : TEr (, + JF +F

- n(l.b '"1(r.r - + /(r.b *)' + (4 m)'?)

- 27.2 m2 (27 m2)

The answer is (B).

15. Rearrange the two coordinate equations.

frSlnU:,

cost -! 6

Use the following trigonometric identity.

sinz0*cos20-l
(s\'*(!\':t
\8/ \6/

To clear the fractions, multiply both sides by
(8)" (6)' : 2304.

3612 + 64a' -- 2Bo4

The answer is (A).

csco: rlu --22? 
cm 

- r.Ttu 13cm

The answer is (C).

12. Find the area of the circular sector.

A - sr/2:

The answer is (C).

(13 cm)(8 cm)
- 52 cm2
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Algebra and Linear Algebra

PRACTIGE PROBLEMS

l. \\rhat is thc niurrc fbr a vcctor that reprersents the
srurr of trvri vt'ctors'/

(A) scal:rr

(B) result:rnt

(C) tcrrsor

(D) nx)nlcrlt

2. 'Ihc' sccrorr<l arrcl sixth tc.r'nrs of a gcornctric progres-
sion arc :t11,0 ancl 243/160. re.spcctir-ely. \\'hat is the
first tcrnr of this scr;-rence?

(A) 1lu)
(R) I lr-t

(cr) 315

(D) :t l2

3. Usirrg iogarithrrric i<lerrtities. rvhat is niost nearlv the
rnuncrical valr-rc fbr the foilorn'irrs exprcssiorr'/

k,g.e 1 * log.j l2 - iog;; 2

(A) o e5

(B) 1.33

(c) 2.00

(D) 2.20

4. \\riricir of thc' follor,ving statelnunts is tme
sct'icr u'il lr tlu' gcuclal t('nrr e i.ri':

I. An infinite po\ver series conl'crgcs fbr

II. Pou'er scries (:arr lre acldccl togethcr or
u,itliirr thcir interval of cronverrgcncc.

III. Porverr serit:s can Lrc intcgratccl ririthirr
r.al of con\rergence.

(A) I orrlv

(B) II orrh'

(Cl) I zrncl III
(D) I[ r,uul III

5. \\rhat is most nearly the length of the resultant of the
following vectorsi

3i+4j-5k
7i + 2j + 3k

-16i-r4j+2k
(A) 3

(B) 4
(c) 10

(D) 14

6. What is the solution to the following system of sirnul-
taneous linear equations?

10r * 3y * l0z: 5

Br - 2y -f9z: 3

8r* y -l0z:7

(A) r:0.326; lJ: -0.192; z:0.586
(B) :r:0.748 g1:1.203; z:0.099
(C) :r::0.625 !/:0.186; z: -0.181
(D) r:0.282; y- -1.337; z: -0.131

7. Wirat is thc invcrsc of matrix A?

A-

lt
(A) l-

L1

Is(B) 
I,
It(c) 
I

L -1
[ -t(D) 
L,

l' 'lLl 1lfor a power

:r< 1.

subtractccl

therir intcr-

'l
1.1

,l
1.1

-31
)l-)

'l_tl"J
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2-2 FE CIVIT PRACTICE PROBLEMS

8. If the detcrminant of
dctcrrninant of matrix B

ln 3 , t]
lo r 2 -1 IA- | |

12 3 -l rl
tl
L1 1 1 2)

A is -40. what is thc

12 1.5 1 0.51

lo r 2 -1 IB- I I

l, 3 -1 rl
L1 1 1 2)

(A) -80
(B) -40
(c) -20
(D) 0.5

9. Given the origirr-baseri vector A: i +2j+ k. n'hat is
most ncarlv the angle between A and the :r-axis'/

(A) 22"

(B) 24'

(c) 66"

(D) 80'

lO. Which is a true statement altorrt these trvc,r vcctors'l

A:i+2j+k
B:i+3j-7k

(A) Both vectors pass through the point (0, -1,6)
(B) The vectors are parnllel.

(C) Ther vectors are orthogonal.

(D) The angle between the vectors is 17.11".

{ 1. What is rnost nearlv the acute angle betwccn verc-

tors A :(3,2, 1) and B - (2.:1,2). both based at thc
origin'/

(A) 25"

(B) 33"

(c) 35"

(D) 59"

12. Forcc vcctors A, B.arrcl C are a,ppliccl at a singk.
poirrt.

A:i+3j+4k
B:2i+7j-k
C:-i+ ljT2k

\\'hat is nrost ncarlv tlrc
forcc r.cc'tcir. R'J

(A) 13

(B) 11

(c) 15

(D) 16

niasnitrrrk. of thc lesultarrt

13. \\:lra1 is tlu'srun of 12 + B,j anrl 7 - f.il
(A) |e-22j
(R) 1e * .11

(cl) 25 -',22.j
(D) 2s + rj

14. \\'liat is thc pr'orlrrc't of thc c'cirripie.x rnrmirers 3 + -1.7

ancl 7 2.j'!

(A) t0+2j
(B) I:t + 22j

(C) 13 * 317

(D) 2e +22j

matrix
,I
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ALGEBRA AND LINEAR ALGEBRA 2-9

soruTroNs

L B-_v definiticin. thc surrr of tlvo vectors is known as the
rcsulttrnt.

The answer is (B).

2. Thc conrmon rat

: ill2

Thc ternr bcfbrc 3/10 is

: ll5

The answer is (B).

3, Use tlie logaritlunic identities.

IogrY =

Iogrly -

The length of the resultant vector is

The answer is (C).

6. There are sevcral wav

.)

,
1_
a

1
I

I
I

I
,B

LB

1B

s of solving this

AX: B
101 l11 l-5|tlellal: l3
lo] l,) Lr

AA-IX - A-
IX: A-
X: A-

problem.

Iro
l8
LS

I
r-'

o.)

..-10
.l
.)

t

Itl 20 47t
| 
806 403 806 | [5.1

x_176 -e0 -5 ll:rl
lr03 403 4031 l-l
l12 7 -22 1 L(r
L4m ro3 4rxi I

Ir'r(#) + (3)(#) + (')(#) 
I

: 
l,',(#) 

* (3)(#) + ,n(#) 
|

Lor(#) + (')(#) + (')(#) l
[ 0 625.l

: 
| 0.186 

|

L-, ttt.i
(Direct substitution of the four answer choices irrto the
origirral equations is probablv the fastest way of solving
this typc of probleni.)

The answer is (C).

7. Find the derterminant.

lAl :2x1-1x3:-1

The inverse of a2x 2 matrix is

l,,gr]*log., 12-iog2-

logr*logu
log ir - log y

z?r
(;,)(12)

lr)o'.' --"o,) 
2

Iog;1 9

Sirrc:er (:l;2 : I,

log3 9 : 2.00

The answer is (C).

4. Pou'er sr:ries c:rn bc addecl togethcr, sulttractecl from
each othcr. diffcrentiated. ancl integrated within their
intcrval of convergencc. The irrterval of convergencc is

-1 <r<1.
The answer is (D).

5, The resultant is producerl b1' adding tlie vectors.

3i+ 4j-5k
7i+ 2j+3k

-16i-1rj+2k

I u' -"'1
,r_r adj(A) L-br or)rr:!!:lAl

[ 1 -3.ltl
L-1 2)

-1
f-1 3l:L | _2)

The answer is (D).

(-o)' +

-6i- 8j+Ot
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2-4 FE CIVIL PRACTICE PROBTEMS

8. Thc first rou, of nratrix B is half that of A. ancl thc
other ro\\'s are the same irr A arrd B. so thc rlctrtnrrirrarit
of B is half the cleterminant of A.

The answer is (C).

9. Tht: nragrritrrdc of vector A is

| 1. Tire an

I : :ll'ccos

- AfCCOS

: |U'CCOS

- 2J.8' (25'')

The answer is (A).

12. Thc nragnitrrclc of R is

I

lRl :,u/tt+2 t)'+1:+7+t)'+(.1 - l+2)'
-- {l - l,t6 | 2\

: 02;
: 1il

The answer is (C).

13. Arlrl thc rcal parts anrl thc irrurgirrarr. palts of rruc'lr

c'ot r rlrlcx r rrtr rrhcr.

(u | .ib) * (c + .;jrl): (o + r'; + j(h + rl)

(12 + 137) + 3 - ej) : (72+ 7) + i(r; + (-e))
:19*-lJ

The answer is (B).

14. Iisc tlre algc.braic' rlistlibutivc lau, urrrl tlro crlrrivir-
lc'rrt:r' .j) : - 1,

(a + ;ih)(r' + /d): (rr,c: - h,1) * .t(a,rl, i br')

( 3 + a'; ) t - 2 j) 

:::.:' .:';,:

The answer is (D).

t-
lAl : /tr)t ,r (.2)2 + (1)' - \/6

,l
2l

The :r;cornponent
cosinc is

of the vectol is 1. so thc cliroctirxr

Tlie angle is

H- 65.g. (66" )

The answer is (C).

1O. Thc rnasnitudes of the tr,vo ve--ctors arc

1

E
v()

cos f/.,. :

cos (*) :

iAl :

lBl :
(1)' + (2)' + /;

Vt)

r-^: Vlllf(1)'+ (:l)'+ t -t')(- / I

The arrrile between thc:rrr

arb.,

IS

-1 (LttUl

@: cos-
* a-b-\

-)

'( lAllBi

c,os '(

90'

(l)(l) i (2)(3) t,il)(-7)\
,t|r-n )

The verctors are orthogonal.

The answer is (C).
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Galculus

PRACTICE PROBLEMS

1. \\thich of thc fbllolr'irrg is NOT tr correct dcrivative?

(A) 4".,r-r=-sir.r
dt

(B) 4*t - .r)" -- -J(t - r)rd.r '

,l 1 i((') ;:- --
0,:I: it: :t:2

I(D) -11- (.s(..r. : -(..1 .r.
rl:r

2. \\"]rat
., ,l l.r tl-P -

clcrivative, dy/dr. of the expression

(r\ )

(B)

(C) 2e2"' - 2L,ll

(D) ,r2 - r,os g

3. What is ther approxinratc rlrca
J/: 8 - / ancllj: -2 + :i'l

(A) 22

(B) 27

(c) 30

(r)) 15

bourrclerrl br. thc cur'\res

5.

I.

il.

In vcctor calculus, a graclient is a

vector that poirrts in the direction of a general
rate of change of a scalar field

vcctor that points irr ttre direction of the max-
irnunr rate of change of a scalar field

III. scalar that indicates the nragnitude of t]re rate of
change of a vector field in a generai dircction

IV. sc:rlar tirat indicates the maximum magnitude of
tlie rate of charrge of a vector field in any partic-
rular clircc:tion

(A) I onlv

(B) II onlv

(C) I trrid III
(D.) II and IV

5. Which of the illustrations shown represents the
vector ficld. F(r, y): -!Ji * ri, fbr nonzero values of
r aiid ;r7?

(A)

(B)
v

/
y''
\

\
4. \\'hat irr'e the
rcspcctivelv, of ther
irrterva.l l-2.2]'l

(A) 47.33

(B) 4,.1

(cr) 0.95, 1

(D) 0,0.'27

rnirrimrun ancl rrraxirnuni vtrlues.
cclrtntion f (:r):i-r:rlt- Z:i + 1 on thr:

(ct)

(D)
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3-2 FE CIVIL PRACTICE PROBLEMS

7. A pcach growcr cstinrates that if hc picks liis crop
no\r', he wiil obtairr 1000 hrgs of peraches, r,vhich he can
sell at $1.00 per lug. However, ire cstimatcs that his crolr
will iricrease by an additional 60 lugs of peacires for each
week that he delavs picking, but tlie price r,vill drop at a

rate of $0.025 pcr lug per week. In arlclitiorr. he ri,'ill
cxpelierncer a spoilage rate of approxirnatciy 10 hrgs fbr'
eacli week he delays. In order to maxiniize his revenllc'.
how many wceks slioulcl he u'ait lreftrre picking thc
peaches?

(A) 2 weeks

(B) 5 weeks

(C) 7 weeks

(D) 10 weeks

8. Determirre tlie folkrwing iridefinite integral.

(A) {+tnlri -f-eJ'r
(R) ^ llos.r-B;r-l C

'2

"2 .)
(C) Lf hrl.rl-a+C2''.r:t

_2A(D) i+lnl.r'l -:+ C
2rr:r

9. Find dy/dr for the paramctric cquations given.

, - )+) - +

lJ:t3-2t+r
(A) 3f
(B) zP 1z

(c) 4t-1
(D) (3i' - 2) let- D

f O. A two-dimensional function, .f(r, y). is clefinecl as

f (r', y) : 2r:2 - '!l) + 3t: - '11

What is the direction of the lirre passiri6l throrrgli thc
point (1, -2) that has the niaxinnrm slope?

(A) 4i + 2j

(B) 7i + 3j

(c) 7i + 4:

(D) ei - 7j

I 1. Evahratt' tirt' follorvirrg lirrrit.

t'r,r /''' l\
.rt\.,'-2/

(A) 0

(B) 2

(c) -1

(D) )c

12- rf .f (t-ll):.r2.r/'t +:r'!ll *sirr:r:f 1'e51.?r*siu;l u. r,r'hat is
Cf l0t:'l

(A) (2r * ti tt't i il sinz U 
('os tl

(B) (4r, - iJu'2\:r,,tl * ll sirrr u (os q

((l) (3r:-1 411).ru * ll sin2 tl(:os U

(D) (2r I y)'tii + Q -'2 -*in ;r)cros.r,

13. \\'-lrat is rlq/r|t: rf 'q- (2:r)"1

(A) (2:t:)'(2 * ln 2r:)

(B) )y(I -l In 2:r:) '

((l) (2:r)'(hr 2:r:2)

(D) (2t:)'(1 * lu 2.r')

l"t;*u,,
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CATCULUS 3-3

soLUTtoNs

1. Determine each of the derivatives.

d

ficosr- -sinr [OK]

rl

*O - ,)'- (s) (t - *)'(-1) : (-B) (r - ,)' toKldr'

L!: 4 *-, : (_r\(n-2\_ + IoKtdrr dr \ /\ ' trZ I r

d

frcsc tr: -cot r [incorrect]

The answer is (D).

2. Since neither tr nor A can be extracted from the
equality, rearrange to obtain a homogeneous expression
in r and y.

12a - e2': sina

f @,il - rzy - e2'- sin a:0
Take the partial derivatives with respect to r and y.

of(r,il 
^5;":2ra - 2e2'

of(*,il ,
AA - r- - cosY

Use implicit differentiation.

-of (*, v)
0y : A, _2e2' - 2ry
0r }f(r,il 12-cosy

Aa

The answer is (B).

3. Find the intersection points by setting the two func-
tions equal.

-2+12-8-12
2r2 : I0

*: +fb

The integral of fr(r) - f2(r) represents the area between
the two curves between the limits of integration.

fxzo: 
J,, 

(f ,(") - f 2@))dr

r{5: 
J_n(ta - ,') - (-2 + r21)ar

1t/s: 
J_nGo - 2rz)dr

1;: (ror - gr')l'_ru

: 29.8 (30)

The answer is (C).

4. The critical points are located where the first deriv-
ative is zero.

f(r)-5r3-2r2+I
f'(*) -- I5r2 - 4r

Lbn2 * 4r: 0

r(Lln - 4): 0

r-0 or r:41L5
Test for a maximum, minimum, or inflection point.

f" (r): 3or - 4

f'(o)-(30)(o) -4
--4

f"(o)<0 [maximum]

f'(1|) :(30)(#) --
-4

f"(o)>0 [minimum]

These could be a local maximum and minimum. Check
the endpoints of the interval and compare with the
function values at the critical points.

f(-2): (5)(-2)t - (2)(-2)' + L : -47
f(2) : (5)(2)' - (2)(z)' +1 - 33

/(o) : (5)(o)' - (2)(o)' + 1 : 1

./4\ ttt.3 tt;,2/(fl:(s)(is) -(2)(il +1

The mini*"J":':t-u*,*rrm vatues of the equation,
-47 and 33, respectively, are at the endpoints.

The answer is (A).

PPf . www.ppi2paas.com
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5. A gradient (gradient vector) at some point P is
described by use of the gradient (del, grad, nabla,
etc.) function, V/o .a, where a is a unit vector. In
three-dimensional rectangular coordinates, the gra-
dient is equivalent to the partial derivative vector
Vf .a:ffii+Hi+Hk. This is a vector that points in
the direction of the maximum rate of change (i.e., max-
imum slope).

The answer is (B).

6. From -yi, tt can be concluded that for

(a) positive values of gr, the vector field points to the
left, and

(b) negative values of gr, the vector field points to the
right.

From -frj, it can be concluded that for

(a) positive values of r, the vector field points upward,
and

(b) negative values of tr) the vector field points
downward.

The answer is (C).

7. Let, r represent the number of weeks.

The equation describing the price as a function of time is

ry: $1 - $o.ozsr
rug

The equation describing the yield is

lugs sold: 1000 + (60 - 10)r

: 1000 * 50r

The revenue function is

a: (ry) 1t,r*, sord)
\ rug ,/

: (1 - 0.025r)(1000 * 502)

- 1000 * 50r - 25r - L.25r2

- 1000 * 25r - 7.2512

To maximize the revenue function, set its derivative
equal to zero.

8. Separate the fraction into parts and integrate
each one.

The answer is (D).

9. Calculate the derivatives of r and 3r with respect to l.

)o,*!:3P 
-2dt

d,r

ffi,:4t-r
The derivative of g with respect to r is

dy
da : d,t

dn dr
dt
3P -2- 4t-I

The answer is (D).

lO. The direction of the line passing through (1, -2)
with maximum slope is found by inserting r- 1 and

a : -2 into the gradient vector function.

The gradient of the function is

Iry,._:"T^,.i/rT.^l!:

={* rnlrl +r(5) . "
:+* hVl-!+c

4!:2s- 2.br- o
dr

r - 10 weeks

vf (*,a, z):

,0(212-a2+3r-a)t-ayt

-- (4* + 3)i - (2a + 1)j

At (1, -2),

v/(1, -2): ((4x1) + 3)i - ((zl(-2) + 1)j

- 7i+3j

The answer is (B).

0f(*,U,2), , 0f (r,A,z) , , 0f (*,A,2) v
a.'-aaJ-ar*

0(212-a2+3r-a).
0r

The answer is (D).

i2pass.com



cArcuLus 3-5

11. Tiut t'x1-rrcssirili approacires 0/0 at thc lirrrit.

(2)'-,1 :!'2-2 0

L,sc L'Hopitu"l's lule.

13. F-r'orrr tire taltk, of dcrir.atives.

n (/(r)) !t\' ) - sQ) (f (r:);v(r')-t D/(r)

t"rr(;i) -l"rif++') :
'\*' \'' -')) )

/') t't
lnrr|-|
, -l \ I /

'f 
(:r:'1 :

.ri ( r:) :
, I t') r'\''' \-" /

,1.,

The answer is (D).

+ rrr (l'(r)) (flrl)u'"'T)s(r)
,rr

:r(2t:)' '(z) + (ln 2r) (2r)"'(I)

(;21:)' -r (2r)'hr2r
(2:r)" (1 * hr 2:r)

_ (2)(2)

I

-l

I'his coulcl also lx: solvccl llv firctorirrg tlu: rnrrrrerator'.

The answer is (C).

12. -f ire p:it'tial clcrir.ertiver rvith rcsltcct to .r is fbrrn<l bv
tlclrfi11g ull othcr valiuitles ers c<,rrrstarrts. Tircrefbrc. all
tcnrrs thtrt <lo rrot crontairr r have zel'o clt't'ivativt's.

( Jt'::L : 2.t'11:t + 'r/' + c'os x: + '2 c:os :r:(- sin .r,)
o:1:

: (2'rr + tl)Ytt + (1 - 2sitr:r:)cos::

The answer is (D).
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Differential Equations
and Transforms

PRACTIGE PROB.IEMS

l. \'\"hat is tlx' solrrti'rr to tlrr, foilorvirrg cliffr:r,eutial
cclrratiorr?

!/'+rr',1 :11

(A ) !: itt:l ('
(B) !J: Cc "'
(c) '!/: cti"
(D) cithcr (A) or (13)

2. \Vlur,t is thc solrrtiorr to thc fbllori-iug lirrerar'<liffcrcnct,
crlrrtrtit,rrr'/

(t I r )(,q(A -F 1)) _ A:u(A) : I

(A) y(k):n-+
A.

(B) yJ:) :1 - 7'2

A:

(C) 'y(k):12 t- 3,1,

(D) r(A) :3 Ita

3. wlrat is thc gcrx'r'iil solrrtiorr to tlu' fbllcilvirrg clif1'cr-
crrt i:rl crlrratiorr'/

f ll : o

(A) !/: c
(B) !/ : (l
(c) !/: r,:

(D) '!/: r:'

5. \\'hat is thrr cronrplementary solutiori to tlie followine
rlifTercrrtizrl crr uatioir?

(A)

(B)

(c)

(D)

y" - 4l/ + Iy: 10 cos 8:r

2C 1:r: * Czr - C3L;

C1e2" * Crefit''

C 16'2'cos 1.5:r; * Cze2,,sin 1.5r

C te'' tnrL r * Cze:"' c,ot,r

6. \\rhat is the gene.a.l solution to the followi'g cliff'er-
r:ntial cqrration'/

y" + y'l,g:0
1,./,.. 6 ,6 \(A) lJ= r o'(,', ,,*#r.i C.zrit'$r)

/I)\ -1(rJ) lt: (-t" (Cy cos jr* C2sinjr)

(( ') lJ : ( t' (r' ,.,r, f.,' * C zri,, f,r)
(D) lJ : e 'z'' 

(C t cos jz, -t Czsin !z)

7. \\i'h:rt is tlic solution to the fbllowing cliff'erential
crlrratiorr if z: 1 at l:0, and d:rf dt:0 at t:0?

,)
t Q-)' . dI)*-tfrt8,r':i

(A) :r: : (: rt a 47r'-Jt

(B) ,:fc 21(cos2f f sinZr) +i
(C) :I: :e t'+4t." "+i
(D) l-' : ie- tt * jte: tt + i

8. In the following <liff'ercntial cc|ration rvith the initial
conditir,xr r(0) : 12, what is the verlue of :r(2)'/

rl .r

A *'1.r : (.1

(A) 3.-l x 10 ;l

(B) a.0 x 10 :j

(Cr) 5.1 x 10 :r

(D) 6.2 x l0 :l

'v:
'lt :

'v:

.,1 ,lt tr\ , / ,l tr\ 
,'\,h')-'\,",,

1 t-roS .1' -l Cl2 sirr.r:

r (' + ('.,t '

1( (l1 {:r)s J: - (1.) sirr:r:)

(C'1 c'trs t, | (ltsi1.r')

4. \\rlrirt is tlrc gcncrul solLrtiorr tc; thc lbllori-irrg <liffcr.
t'ntial et<luutiorr'/

t)t

-"J 
- 2+ '2t1 - tlil.t'- (l.t'

(A) !/ : ('l t sin .r. - (,,r., r,oS .1:

(R) '!/ : C t ('os .i: - (-12 sin .r:

(C) ,!/ : C t cos r/,* (.12 siu .r:

(D) !./ : (: i((/1 cos t: I (i', sirr .r')
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9. What are the three general Fonrier cocfficii:nts for

tire sawtooth wave shown?

(A) 0,0:

(B) ao:

(c) ao:

(D) ao:

-1
fin,

1.2

to

1.

I
,,

0,

1

2',

1.

1

2

a,, :0,

an. --

ar,.:

10. The values of an unknown function follow a Fibo-
rracci numbcr sequence. It is knou'n that .f (l):4 arttl

f (2):1.3. What is /(a)?
(A) -4.r
(B) 0.33

(c) 2.7

(D) 6.6

'y : e"' ( C1 cos i.Jt: + C''2 sin,rJ,')

- (1, -2,r:;: t:,
, t/Th tF,)--- 2-

vre\z) - cr)'
2

-1
'9: ("'r (C1 ct)s t: I C't sin r:)

The answer is (D).

''i 
I

0, : 0, b,,

, -10rt.: 
-ffm

1
t

on. -- -fin
1

utt--
ftn,

SOLUTIONS

l. Tliis is a first-ordcr line:rr erclriatiou r,r'ith cfiaractcris-
tic eqrr:rtion r* I1:0. The fbnn of the sohrtion is

ll - c e-"'

In the ltrececling equatiorr. the constant, c.'. coulrl be

cletertnittecl frottt aclclititltal irrforrrratiorr.

The answer is (B).

2. Sincc nothing is krrorn'n altout tire gctttll'al fbrrrr oi
g(4,). the onlv rvav to solve this probietn is bY trial ancl

error, srrltstitutittg cactlt illls\\-('l' optiorr itrttl the: tlclttatiott

in turn. Opticin B is

1/(i') : 1 -

Substituter this irrtct thc rlifftlrcrrct,' tltltttrtiou.

(i; * 1)(y(r.+ 1)) - A'(v(k)) : 1

(,1 - I )(1-Ji) - r,(t- l?): 
'\ A+l/ \' l'/

(A+'(=:+) -^(T) -'
Ar *1-1'2- A; +12:7

l:1

'y(k) : | - 12l k solves tlie tlifferctrcc c'quation'

The answer is (B).

3. This is :r scconrl-orclcr'. hontogencolrs. lirrr:ar differen-

tial equatiorr. Start bv puttirlg it in gettelrtri fortrt.

g" +2u'tt' * bu:0
2y" -J'y'+4'y:o

'!)" -2'y' *rro:n_,

b:2
Sirice o,'2 < 4b. the fbrm of the eqrratiorr is



DIFFERENTIAL EQUATIONS 4-3

Tlrc roots art.

- rt * N';'2 Ib7't.: :

2

: (_1+ 
').(_1_ 

l)

Sirrr;r' ,l < Jb. ther solutiorr is

ll : t/,,((_11 ccts,J.r t C'2 sirr ^/.r.)

'' - 
- " - -'2 - -l'22

/- ,, V4t)- (r)--: )
VGP) -tt

-1

y : (: ,(C)1 
ccts r * C,tsirr -r:)

The answer is (D).

5. 'flre c'ornlrlernr:ntnrr- solution to ir rionhornogollcous
tlifft'r'r'rrtial errlttutiotr is tlxr sohrtion of' thc honrogcncorrs
rli f'li'r'r'r rt i;r I t'<lrirl iorr.

I']rc c:halac:t,c'r'istic rtrlr:rtir,rrr is

'fhe conrplerrrerrtarv solution is

'!J: tl'(.('', c'os 1.5i'f C2 siu 1.5e;)

: (ltez'cos 1.5.r * C2e.'2, sin 1.5r

The answer is (C).

6. This is a st'c't-r'il-onler. hornogcneous. linear cliffb.e'-
tirrl ct|ratiorr u'ith rt : b: L This cliffer.rntial ecutrtiorr
can Jrc solr.ecl bv the rnethoci of unrletc-r.ninecl coefiicicnts
u'itir n s<rlrrtiori in thc fbrrrr u : Q r,t. The substitution of
tlrc solution givr,rs

(,'r. ttrLlt)Ct":0

4. Tlic c'lrurtrc't,cristic.

.)
't'-

- (- 1)

crlratiorr is

-t2r'i2:0
rr 

-')

t,-.)

Berrattstt C'r:" cril,lr

tiou is
ncver bc zcro. thet charncteristic c(lua-

12 + ur' + b: 0

Becrarrse u,r : 7 ( -lb : 4. tirc ge'eral solutio' is irr the
lonrr

'!J : tr'' ( Cl {;tls fir * C'2 sin lir)

Tircrr.

o : - a,f 2: -l12

t;V.):-
2

f:\

C.r sirt rfr )'/
b

r) i,

-l

, Et, * ,,,,:V 2 :

r:! -r ar'*

12 Jr:

So. n- -1. nrr<l b:251J.
Tirc roots arc

-tt+ \eF - 4bI 1..:

,2

2 + 1.5i

Sirrcc t lit,r roots alc irrragirren')', tlr' horrrogclroolis soltrt ion
Irtrs tlrt' fil'rrr of'

,!/ : e',, (.(.i1 cos ,Jt: * C, sirr .J.r:)

., 
- 

t(t 
-,

t1-
') -- -r l.)1

'l'lrcrcrfblc. the gcrrcl:ri solutiorr is

The answer is (A).

7. Xhrltiplvirig thc equati<.irr lt1' 2 gives

:/'+8./*16n; :10

Thc cherruc'terristir. cclua,tiorr is

r'2 + 8r'* 16 : 0

'I'hc I'oots of' ther charircteristic erquation

l't - t':: --l

'fhc ironrog('n(rous (natrrral) r.esporrsc is

l1'rr:rtr'trl : At:-tt + Bte-Ll

:[J

- 
tl

2

+

(t )(2)

(4)(1) - (1)'z
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By inspcction, r:518 is a particular solntion that solves
the nonhonrogelieous equation. so the total response is

r: Ae-4t + Bte-at +i

Since r:1at f :0.

Differentiating r,

2' : $(-4)e-tt * B(4te ^t +, *t) + o

Since r':0 at f:0,

o:-++B(o+1)
p:i
r: $e-at +ite-Lt +i

The answer is (D).

8. This is a first-order, linear, homogeneous ciifferential
equation with characteristic equation r*4:0.

rt * 4r:0
tr: troe-Jt

r(0; : roe(-1)(o)

:12
ro: 12

r: L2e-at

r(Z):12''Gt)(z)
: I2e-8

: 4.03 x 1o :r (a.o x lo-3)

The answer is (B).

9. By inspection, f (t): I, with the period 7 : 1. The
arrgular frequency is

-)t

Tlrc getrct'al n tt'rttt is

The gcneral b term is

r),
:2 |

.tu

_ -1
ftn

The answer is (B).

1O. The valuer of a rturnbcr irt a Fibctrracci scclttellcc' ls

the surn of the previotts two rrtttrilrers irr the sequcrtce.

Use the second-orcler Cifferencer equation.

f(k):f(k-1,)+,f(k-2)
,/(3) : f (2) + /(1) : 1.3 +.1

: 5.3

f (4) :,/(3) + f (2) :5.3 + 1.3

: 6.6

The answer is (D).

L:At'+3
A--i

r
u,, : (2lT) I Jttl cos(n;ul)d/

,I

t.t 

0

:21 f cos(2nrtl)dl
Jo

-0

T
f

) | ltl)sin( rr*rt)ll
0

t sh(2nrt,t)rlt

b,,: (2f T

2n 2n*')71

The av

u0: 1-o
2

erage is

.r

f fr
trlr) ltttlrlt:(1 lr) |.l Jo

0

1
2

rl
r )+ 

- 
l rzl -L(It -tt l -- t0
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