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INTRODUCTION TO ENGINEERING
DESIGN PORTFOLIO

Name

Section

Problem Statement

In your own words, describe the problem clearly so someone else can understand it. What will the
solution accomplish? Are there imposed specifications and limitations?




i . A T T e

-
Investigation

What are some questions that must be answered to solve the problem? List at least three.

Resources

Make a list of resources that you have used to obtain information about the problem to answer questions
you listed above. These may include people, written material or electronic media.

Information

What information have you gathered from the resources noted above?

1. Information from people.

2. Information from written material..

3. Information from electronic media.
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Brainstorming for Ideas

Sketching is a great way to generate ideas. Use the space below to draw or sketch as many ideas as you can
think of. At this point, do not eliminate anything that may have possibilities. You may want to add
additional sketches, perhaps using graph paper. , '
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Describe three of your m
and limitations. In your

Solution 1.

Solution 2.

Solution 3.

Alternative Solutio

ns—Describe Your Best Ideas

ost workable solutions to the problem. Remember to consider the specifications

description indicate what you consider each solution's strengths and weaknesses.
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Selecting Your Best Solution

Describe you best solution and indicate below why you selected this solution.

Describe how you are going to construct the solution to the problem.
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Construct Your Solution

Construct your solution to the problem pased on the specifications and limitations. Pescribe any
modifications to the design you made as a resul¢ of the construction process. How did these alter the

solution?




Analysis and Testing

Describe how you will test the design to determine if it works. Plan to conduct the test more than once to
insure that the results are repeatable and not just luck.

Describe the results of your tests below. Use graphs, charts as appropriate supplements.
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Communicating fo the Class

If you are communicating your solution to the class, what media will you use?

Outline the contents of your presentation below.
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Design Assessment Rubrics
The Design Process

A. Identified problem criteria, constraints and specifications

B. Gathered background information from a variety of sources

C. Suggested several alternative solutions

D. Evalnated ideas against design criteria and made improvements
E. Justified the chosen solution

L o e R O )
)
LA S o N
WL W W

The Design Solution

A Provided an accurate drawing with basic details and dimensions ¢c 1 2 3
B. Constructed the model and used materials appropriately _ 0 1 2 3
C. The solution worked. It fulfilled the design criteria. 0 1 2 3
D. Originality and creativity of the design 0 1 2 3
Testing

A. Used knowledge gained from testing to inform design 0 1 2 3
Work Habits

A. Completed assigned task in a timely fashion 0 1 2 3
Communication and Presentation

A Demonstrated understanding of key ideas orally and/or in writing 6o 1 2 3
B. Report neatly written with good grammar o 1 2 3

Scoring Guide: 0 = No response or unacceptable response
1 = Acceptable response
2 = Good response
3 = Excellent response

Score
Total possible points 39
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Chapter Four

4.1 Find the equivalent resistance for the circuit in Figure P4.1.

50 o
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J Kei =S 4/0+24+C. %
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4.2 Find the equivalent resistance for the circuit i Figure P4.2.
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4.3 Find the equivalent resistance for the circuit in Figure P4.3.
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4.4 Find the equivalent resistance for the circuit in Figure P4.4.
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642 Y
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4.5 Find the equivalent resistance for the circuit in Figure P4.5 and the current flow through each
resistor.

SA.
— W | Lo 4o
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forchhe ffs o VT = VI

JZ2 = (0.884)s) + vam,/e
vfk?)ra.{g/ = 7! S’é?v'

¢ 4 L/-ﬁ‘-/L . /5 - O, 9058 &u-\v?
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4.6 Find the current flow through each resistor in Figure P4.2 if the voltage source 1s 12 V

E= VR
. ; /Z
; - r— 2 Pry 1t
-f_.__ / C’/o /0 /f w/’
= [dv < /o2 20 ' ,
20

4.7 The filamentin a ﬂashhght bulb has a resistance of 50 Q. The battery voltage is 6 volts,
- determine the current flow.

s

—e— iy
= ~ 2, L = - = = O,/
T “_",J R 50 12 snp

4.8 The maximum current flow from a 1.5 volt battery is 45 mA. What is the minimum size
resistor that can be connected to it?

5 L= ITmA = s
=15y D/ V=R
-T & .




4.9 TFour 5 O resistors are wired in parallel circuit, what is the equivalent resistance?  Ifthey

were wired in series, what is the equivalent circuit resistance?

S|

4.10 The equivalent resistance of a three-resistor series circuit is 39 ohms. If the three resistors,
each of the same value, are now connected in parallel, what is the equivalent circuit resistance?

—AMN— AW — AN A > =R = 3K
gi (T2 /s ‘ ’g <
Z = ‘-"3’__3;9 = /32
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4.11 Find the equivalent resistance for the circuit shown in Figure P4.11.
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4.12 TFind the equivalent resistance for the circuit shown in Figure P4.12.

—— MW AMA——
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4.13 Use Kirchhoff's current law to determine the unknown currents in Figure P4.13,

Ay erehh e f Currend bow
N Z2A g /24 p iA ] PAN Z bk
L, AL o &{ax_iar‘aic'. s.ow\c#’_
2 coevrvents at a pmede o
3Ty

8 A c C.7' 3 53

Nede A /0 —2-8 =o
/\/OC/QE A3 ¢; * A s2 ﬂ_O Cj, _ .._(4,4\ ;ﬂ ofpfgo.'i:i‘)‘é
o ﬁ/ " ofr recfeon
NVode C : : '
MNeode. D -2 +¢’,2,-=.4 =0 _ciz"--'- 6 A
- Node £ 22 =lb—dg =0 Laz=TFCA
4.14 Find the power absorbed in the 10 Q resistor in Figure P4.14. |
2051 3052 '
+ W - Find The Bag f3- The
—=— 20V é 405 105C crveoit amd ‘é\fm
cvrrent ,F/ca.); 00
. defernese 122 loss.
o %4051 - Reg 40 40
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A0 e
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(404)
34"'6-/’/15'/ /*&295

(= 0,5A
; > Since »e?a_c,ﬁr P
T S04t Mswémci ¢S ﬂe SsAamC, 77~—L
A 0 JOS o evreat .9;,&,3,/[7 SrvrdeEs
‘L_,_J____w Re power (035 Throvs The
/G TL Ms/;-ﬁ,&ce /5

2R = (0.25) (o) = 0,625 W

4.15 Find the current and voltage for the network in Figure P4.15.

AL BT
. e AN r ; ol
+ ' v, /// . {tfrr-cﬁ/w}é/s \fa//:x;d:;
= - o =1 z24v Jaum =x}->?/zes win??
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o = 249 - (2X(2)= #© wolts

for the circuit in Figure P4.16.

4.16 Determine the voltage, Vo,




4.17 Determine the current, i , for the circuit in Figure P4.17.

-
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4.18 Determine the value of the current source in Figure P4.18,

'A\f- J :,f\ /:/.v\c/ feg f;—r The seres
/{\ 9£§ 4‘-& ? {‘2_\,- c’air‘:‘.'.uijtt
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4.19 Find the voltage, V,, for the circuit network in Figure P4.19.

Corm bine series
e o g R2NCES

Zag = 4*‘/0*/4_(2-

e v,y y
%—JV\’VMWH - /235 = /'5’ * -G, 90495
— l - e et rarin e A
-y R (‘Zv* !2v+
247 ?/-Q. % 44T = .' i<t

d= l2v - 2/73A
5,497 A~

Vit (=173 AY /<L) = 2,173V

s
v T =V )7 - 2, (73 = 807

e = 2= 2073 = 7,807 v

420 Your car radio is broken, so you are using a 9.V transistor radio that uses 30 mA of
current. Being an engineering student, you wish to conserve the radio's battery and want to run
the radio from the car's 12-V battery. A resistor must be placed in series with the radio to reduce
the car's voltage to that of the radio; what is its value? What power does the transistor radio
dissipate?

= 30mA = @, 030~

Y y ‘-
= /2y ’ D 1%4’@ /(/rc%/wﬁ/fs u'o/ﬁvff’ /3 e

g P ,
o= = 3B _
/‘%w&t" C/ffgr/?d/éf//f “ e ’% R 5*:2—3‘/@.&)
P2 R (0,03) (r00)
/j"“: 0. 0% </
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4.21 Many home lighting circuits have a 15-A circuit breakers with a power supply of 110 V
How many 100-W light bulbs may be placed in parallel in the circuit before the breaker trips?

/5’]:_61 bireaker
&  Sond¥ |} % | : @ﬁd.:'ﬂﬁ cvprreat 76/{-‘-“
oV /oow§ fW.W Threogh sae /}yﬁé
o T = Vc‘_i _
L 00 =(Qro)d) = 0.907A
Chto) S 5 = Py .ﬁéwé ~ = a/;? = 1&:Y bulds

g /\/: /G 60/55 , :
Aloie nps? e fva) errcus /,é.f-eg/éw; 2re St-f(/é/?‘:f
o7 802; 47/ c“a/')dcréj%f 5}é@a/yA5/§/é cvrredt

4.22 You are using a 1250-W hairdryer on a 15-A, 110-V circuit. Your younger sister comes
into the room and turns on a 350-W stereo and a 100-W light, also in parallel on the same circuit

Does the circuit breaker trip?

— T
| ; 7%3 ‘z‘aZfd,/ 6L e

7y {

eV (250l 30/ m{jw ‘ %d/ﬁgé/ti’ é //7/5 c;rcw%d

|
7"?‘”’“’"”’ “’J”"“‘f”/d =250+ 3(0+/60 :/7027/4/
TAs S wsnds Foo auch co wrc‘n/ewc/ /7~e breabaor ﬁ'/s'

T

4.23 In the figure for problem 4.12 the voltage supply is 50 V, detcrmme the current flow

through the 20 Q resistor,

Re%r '}D %ﬁé&{f'b\ on \2
B0 _ o, 6] A
7;—5‘(,?4/’16_2_0%

Chts = /Zc,
Thes cf-urr-'c:yt /)é /a/][ j
r-e.sr.g/éfr- Aﬁ// ’7Vw;74 e o8 TKes é—f‘wc_.{

o, 2083 A

~—
—

Cé.ﬁ.{
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424 n the figure for problem 4.12, the voltage supply is 50 V. An open 0ccurs across the 10
Q resistor, find the current flow through the 20 Q) resistor.

3c.r:‘—‘ o pE” From Povblewn 412 The

&oJe /
fasl IS 20Je A Q'—’C w_ﬁ The ?414’?-({&‘
T—_ 30v = >
- r—'w"‘ e Ve J( Uy 2041 .
Fﬂﬂﬂ %6051 'ﬂusf There (4 9 Sewres
- & t‘ e u'l T
<0 I
| A /Zgé = O+ A0+40= /404
+] PRy 4oL
‘ :- $ov .= N = =32 - O.357TA
l— ogt [Lw (40

425 The power produced by the 50 V source in Figure P4.25 is 300 W. Determine R; .
AL

P L, Lo
R

-T Y %iu’l : 3o = (oY <)
\ | 1 = 6 A~

\{:ci/&g /3? = %‘2 = & 33302
"‘7'153’5&«

f?ég = ‘4‘!“/?/;5““ riﬂ, /%/)FN -

_/ - L L
<, 333 /Z 2,
&,2308 = ¢,.08 33 + 75

Ay

/‘f, = &.08 S

/
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4.26 What is meant by "balance" when referring to a bridge? How is it accomplished?

Balance ieans THesre ¢S no curyent %/c«a“%mqé
The arm, It s acmwp/tsl/(ee{ b.r/ xf{.ur:;fu; The

l‘t’ﬁf%/gx_ﬂ.Ct‘ in BT ot moere b ranches.

427 A Wheatstone bridge, as illustrated in Figure 4. 10 , is used to determine the value of R, .
The bridge is balanced, and R5 reads 137.5Q . R, and R4 are interchanged, the bridge is

balanced, and R; now reads 167.9 Q. Determine R;.
! ' '
R 7,
K2 Fs
A= K4
2

; %K‘m
< ,
@5 4 ‘ ‘/eiﬂ - . _E, _ __/?_‘i_
+ [~ /375 E-f] J VA oo
lll ' - -./_CZL)": .;6/
\Y4 A2y ;;Zf :
A= z303/ R, = /57 8L

4,28 TIn a Wheatstone bridge, the resistances R3 and R4 are .equal.l An unknown resistance R
is connected to the bridge and the bridge balanced, yielding a value for R; of 400 ohms. What is

R 's resistance?
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429 Are the following bridges (P4.2% and P4.29b) balanced?

8§§7\ 8851-
{Q:j"; {15 s
| '\oa\g,w:ml \ar\c\{lt .
e . €= E—,\ = BY . ]e6
K23 T ea ¥z 8.8
- @z _ (2N
.;‘34_-,0‘29 3.5 g5 . " T %, 62
DQ_‘, [odie] D":C_’f kDQ\, NNCCT f:_,: 9y T ;-‘a,l[ll laa-}a-’"LCES’

4.30 Preparca truth table for each of the following circuits.

A ——

EJ,_.._..-—-
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4.31 You have been assigned the task of creaﬁng the logic circuit for a bank alarm. The alarm is
to sound, logic 1 state, if the master switch is on, if the bank door is open, and if the safe door is.

open.
5‘W|Tc§_é_u_m. -
Bii i ﬁ%&.&@d () ._.__,,U) ALARQ
sAFE Daok oPer (1) <C) C
D
Vaf AT ‘ | : L AOGIE
AU 208 . SAFE DOOR o
Sa é TEJH ALD a o’;‘a,:g AXD O e AL?#?@M
A‘_.____;,_ . :
B _[AND  (E) - : :
MD)-—%» T AL GUNA
= G o o
AND
D s

A B < D £ =

D D O O O <

) @ O { S O

& \ 3 @) o D

O | D ! O )
o O @) o o (o
S/ (&) > { &) )

/ / o o |/ O

/ / / / 4 o/
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432 Design the logic circuit for starting an emergency diesel generator. For the generator to
statt, the generator must be disconnected from the bus, th

ere must be sufficient starting air
pressure, and the fuel tank must indicate there is oil. When these conditions are met, then the
diesel may be started. Presume therc are sensors to determine these values.

pysconnect KES) [
o ]

| DiESEL
FUuecL ofc "‘fc’f:S bl S ~ DrESEL
B —_—C0 ) A GINE = srRAeTS
AR PRESSVKE ZJES D <o
e T

o2 TEEE ) e ME TO & FRRT

DISCONNECT AMND FUE 9OF& AVD A2 PRESSURE
- PRrRESSULE T~

MUST BE MET Sjuau cra/sovsey

-

A B < D
o o © O
o o VO
O \ O <
o \ I o
{ O o O
f - ! @]
( { o O
| ( { {
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4.33 The figure below iltustrates a schematic diagr
digits and produce the resulting summation as o
combinations of binary input.

am for a half adder; it will add any two binary
utputs. Show that is will correctly add all

A , CAasd)
B_ }ﬁk\ ArE Gl sum
(of2) : =
o

3
CRuvERTER) S
R\ | s |
‘Z/J' <ARRY l
| CAmD v |
, < D
T u—g-s . Ou‘tp.u;{‘s_
Pl:() B < D
O O O O
o | O {
i O D )
Ll ] o
R

/S PRODUCES A Sy oUTPUT (D) AND A
ZARRY OUTPUT (C) FROM TWO SriELE
DI&GrT B/uARY UPUTS A AND s MoTeE
TS (5 THE BHARY TRUTH 7ABLE FEe.
ADDITION SHOWA /0 7765 APPEVDIK,
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4.34 Tn Figure 4.21a, let force A= 100N, B=80 N and C = 50 N. Determine the resultant
force's magnitude and direction.

~&

L

S04
3 -
go
A
o0 /00 eos = £ 70,7 /o7 crn A= +70.%
80 30 cosbo = 40,0 -8BO I 6o = 6>
50 -850 cos30 = ~493,3 50 sm 30 = ZS

g2= ¢749% 26,97

R =729+
— -1 2@;4 _ o
@ - —— — 2/,
7an 6%4) 79
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4,33, Itis possible to resolve concurrent forces graphica]ly. Perform the graphical solution for the
sitnation in Problem 34. _

N
AW
N LY
R
\ TN
N /?*
\[ | I/
1A
X
] N,
e VR
Ny \NE
ofZ S
1P/ L —va-
4/ 40 .4 _
AT [AFA
LA 14K
LA L s
.é/. K& (]

Fonlet | (lnbh = 2i5N

/(/ofe,’ ///re P/(!C&/ Mt:?%ﬂc/ re. ume's a /éW“Jc
c#ra-wfyzé anal CML’FJ/ c/ra—a}m&., 5//7/(5
f";(c'ﬂCiC.U r&lc:';e_s r,n am.c ‘Vc_’c_ﬁ"f‘ 56"4:/(&%7%2/

9‘{'7[9":/: 77%0‘3-'«:1/ f“c’_j://é,
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4,36. Determine the resultant force (magnitude and direction) for the following concurrent force

systems:
Y ~y
) IsaN
S J e J
—> ~ 19176
L5 > X R’:\&:;
QO/V t /\;‘
F = ~y
o + S50
IO
/1O /16 cos ¢ = +77.6 (0 st = =77©
2-9(_-‘—‘ 77!8/\( "Z"f-’%.: —-Z?.S;t(
k%= 272.8% z7.8% o= 82,6M
6 = 76&—”_[/-%7_’68 /?f?b ff'l 4ﬂ5uacfm;<+ av
340,3°
b) AN U&-
\
togy, B\
Voo ps
\
A¢° il o
3 o X
S~ /= %
NE) 73 aes 3¢ = 65,00 78 scn 30 = *3TAN
©0 -~ /60 eos gy = —70.7 60 s A =70, 77

S % =— X TA Zf"ffd‘ = 08,2/

—
T

/6'2—: x\/r’72+ 08,2°%
~ 08, 4N

= 8(—(0(“ '
3"42‘@5_({,

av @3¢

& :'7‘3,{'({0@,3)
5.
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4,36 a
s
30 |
(47.0" TN 45 gl wh- ’u:l e
BN o
zor _
_ 86/\/
N
= ~ Fy
75 "'75(20540:_3{7:3’-’ TSsmé0 = €5, 0
GO ~60cos 20 = -56:4 — 60 sen 20 = = 20,§ |
g0 &S0 e 4(.3'—:. 56.6 -8O03m4( = "Sﬂéié
Z Fx = = 37,34 Z'(:a:" —1Z |
e = Foul L2 Ce = /8° m I guadmnt
373 or /F8° g
41 3é G?’) 'TON /‘-% ll-a.
3N '
(‘30¢ 30513 hm Zg,?‘. - X
50 - '
3 24
o w\ AoN
e Fx e
) FDeoss 30 < 26 - BO srn 30 =y
/90 40@3?0:: ("”? ~"7'0 s/in 90:'3?.!4 ‘
Y, | SV ces §T=-28, ) s s §§ = -41.0
70 ~70 dos 30 = ~G0,& 70 s 30 = 35,0
Z = ~56,4 ZF‘O‘ = ~30.4
2 .
R==(s¢4)"+ (30,9)* R= &9./ N

o = “fam-',(

Jo, 4
5¢.4
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4,37. Two tugboats are puiling a barge as illustrated below. The horizontal force acting at Cis
20 000 N. Determine

the force (tension) in the ropes (lines in nautical jargon) AC and BC.

(ingert Figure P4.37) —
¢ - ) a
( ror / C 35“’3
( (< (€ zokN « %
(. (\ ( N : - i
, ‘ - o
./ A =2
P‘-"FGCJFVV\ .7{c}ﬂ‘¢€ b&/‘a,ﬂ oS " c»:aaj( a/;'r'ea‘AéM
2 A =0 20 000 = CA eos 35 + CI3 aos 25
20 000 = 0,8/9CA 1+ p, 706 S Ca)
2':6 =0 CA s 35° =13 sn25°

0,549 CA = 0.423 <83
cB = [/ 357 CA
20 000 = 0.:8(7CA 2 (6.506Y1. 35T cA)
CA = T764 M
cB = /32499 N

(b)

4,38, Given that the resultant force acting on the tent peg shown in Figure 4. 22a is 1000 N and
the angles are as indicated, determine the values of A and B.

A K7 ‘000'4

& =45 x=2(°

rove
= A= RemX _ jooo sin 25
sin(m—@) st (1357)
A= 598 A
B = Rsn(e~a«) _ (000 5i# zZ0
3in ('TT-—@) sin(r357)
B = 484N
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4,39, H is desired to determine the drag force on a boat hull. A mode! of the hull is placed in a
water channel and water flows past it modeling a given hull speed. There are lines to prevent the
boat from leaving the centerline of channel as well as a line to pull the boat with scales to measure

the force (tension) in the lines. The readings indicate a tension of 120 N in line AB and 180 N mn
line AD. Determme the drag force on the hull and the tension in line AC.

Be 2 —s07 &

) el h‘gM AR=12z0N]
o = \8oN
A (g—w\ : AD |
[ e=dan (=37
> = A (ﬁ‘:é%ﬁr”
) ' Sey

Z‘FA:O ABan o + AC sin i = \2Q
{120 e 3| « AC et 4 =180

AC =284
2 =0 ABces® = A~AC dosyw + FAN%
(220 ¢0% 3 = /28 cosé&T,4 “F"f:e/f'ﬂj

/:;(r'id “5‘3;6“7/\/

4,40. Two con_pected gables support a load as shown. Determine the tension in AC and BC.

/C- ma = (/Méf)(fgu/ )
~ = 78ons

?80 = ACsin SO+ BC sin 30

ACcosvo = BC cos 30
| AC = 1,399 8¢
280 =397 BN 0, 7¢¢) +(0. ) ¢
P86 = (firzz B¢
GC = £39 94
AC = &cl e n
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T_ a - +a_ ALY o
A=Y N (_2_—‘3) = 58
= ~ o
ﬁ’;_L doond 5 F[a‘h (%g ) = 36.%
Zx=0 400 = Al smIBN® &+ BC s 36:9°
EQem

_ZmFa——o AC cos §8,( = RBCcos 36,9
AC = 1LSHABC

At = (114 B¢ ) (o4%) + 0 & BC

AC = 22(, 3 N

4,42. The 6 kilogram collar, A, may slide on the frictionless vertical rod. 1t is connected via a
pulley to a 6.8 kilogram counterweight, C. Determine the value of height, z, for which the
system is in equilibrium.

e AOem 5\

N .
- Z{:a’io
by Gy €669 cos@ = 58,8
F=(e8)58) G = 28°
Yogln A Gy | tan 28 = 9o
Fama = (6)08) z
F=S88N RS2 em
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.4 43. A container and its contents weigh 1000 kN. Determine the shortest possible sling ACB
whlch may be used to lift the loaded contamer if the tension in the sling cannot exceed 750 kN..

AC = BC = 750 kAJ

Ain& = SO0 |
VaYe;

& = 4 8/°
: _

Bl

cosl 8} = /3:?;

a4 8l° |
AI B Scna ’ AC =4éf?é¢m

.«“; AC6= ?3;? < v

4,44. Determine the moment (torque) in foot-pounds about point A for the wrench.

g e

4,45. Determine the net moments about A and B for the beam.

Z606N gooon

) 1
A e | Cem | o
o ]
SSsoonS oo S
M_ —_ —_ S
=2 MA':"C‘_:’NX':.%ON) ~ (800612 m) + (A(com Y24 m) = ©

T Mg = - (24 »)(CSTON) + (zovon Y 1B w) +(Booo MY iz w) = O
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4.,46. The wheelbarrow must be sapported at an angle of 20 to the horizontal. Determine the

force required to do so.

_ =
2 Mp=C= ~-(’?—a‘0f};(.)C2 ?—E)

’*‘Q:fb&)ef:fcws;?,a‘ QLB
400 = 4,22 F |

F=a4,6 (b
4,47, Determine the moment about A for the following sketch.
Lo N Q4 N
\ S0 AM/m R2 1[ P
& [TLL A
s fz, g | e
o~ 6.5 —>1& ¢ (4 X |

h f—'DIS‘m—ﬂ ﬂ.‘ *H 0:6“’&'—3’ ‘&-Of3w\.

Eansa‘vf- ivord f.’r«‘cc m?lo co;u,owcu?é

= JjoOsm 70 = P9 N Fx = /00 cos 7O = 39,2

Y
Zhe /oé/ﬁ«»ce af cowntr ?/;,mwzj« ’s (3’0%)(6.8:«) = 40

P >

. | 4 -
SHp =+ (RANYETw) - (doHXien) = T A
A e waenct ema{‘s due to +w\9+-mi et
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4.48. Find the components bf the container's weight parallel and perpendicular to the inclined
plane.

‘l‘llpara(‘e_[-‘—" V\(swx‘50¢ C-)JS\AI

Wi = (deess0 = @fec;éw

4,49. A horizontal beam is 15 m long and weighs 2000 N. It has pinned supports at the extreme

Ieft end and 3 m from the right end. In addition, there is a concentrated load of 500 N a distance
of 5 m from the left end. Determine the reactions at the supports.

so N .
— :L = 4 B i v k"c*\l"”k
. ] ‘__:M_a‘ -‘?—-—G __/ 4
f-c—-5'w\"‘>t ["'—éu‘—?‘-'l‘-ﬁ--?:@i ' 12 ' ‘ T B |

3 R

4

A;ss'uw.e wmﬂ«"\‘ 5 wwh/ Jl&ﬁrzéc{kc/,- /600N befoeen
aul:-law'ils awnd oo A/ ou-efrﬁwmgf ’

2 Fe=0 ‘ 1::24 =0
" |

[ —

1 Z Fé =0 fat /s =_"S"c-o + /60T + <00 =200 A
2 Mp=0 = -(S‘o-oNXfM)_C;mNXéM) Zs (2 )
- (40”;5?613,5‘“) |
K3 = /48,3 nc 1

f2 = 1049/,7 5 ¢

427




4, 50. Refer to Figure 4.29 in Example problem 4. 5. Let the

angle be 120, determine the
reactions at A and B,

ot S N/ oM
77 ITTL R, k2
~ : 'ﬁ%‘;g !"-—,;_Ap. —4
gg: e —— | —»leo.zs‘ q-ods’f{‘
| o m ~——>L"°t"*l“’°=3“’|‘*'2{ Rz " i R

Fesolve 5?5/\/74%‘4:@ myézl?é cm]oe«mﬁ

g = -S5O &03 g0 = 25 & /Fa—=\5‘05”‘~éo= 432,83~

T/Z_e zﬁsféyéu}éc/ /Oc"ic/ 9&74 &7‘ 736’ lad 21 7(-4/ 4}{243«0':%
(0.3 m XS0 fu ) = FoNS

S =0 = L 125 L K = -2F m— achn b

/e ft
Rz #Rs +45.3 ~F0 4
Re+Rs = 467+ —

— g —
SMa o = (423010 w) —(30 A)(42tw) + R3Chbw)
Az = 73294 1

4.51. A'l5 foot plank that weighs 7 pounds/foot is horizontal, attached rigidly to the wall at the

right end and supported by a vertical cable 3 feet from the left end. A person weighing 150

2_%—‘*0 =

pounds is standing in the center of the plank. Determine the reactions at both end supports.
5oty Z) ey A isoth B4tk ﬁ."‘
P l=asi—, A Rz

) S

 J—
—} 15’ e 61—
- R
————

CUeer?" be foeen Suffw‘[“s C)(12) = 84 b 2 |

3 )t [Z

: ! ~ G
*wmjkf' 47’ wer/laxﬁ (7X3) = 2/t _?_;_;F:A’- = QO
rZ =0 = K+he -2/ -1S0 -84 R, +# = 2557k
B Ex /’-,—:ﬁ s v
Z My =0 = +(842C6) + (5o X15) — (& Xi2) +(zrf;3fr)
R, = 1594 /£7(
Kz = 05,¢ the
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4,52. The person in Problem 4.51 now moves past the cable and is standing 1.5 feet from the
left-hand side. Determine the reactions at both supports.

- | | |
:sﬂsth,fT i - 84 (b Rz
| | 4 A
= 1S 1S e 121 > Bl (Y ¢ e o]

ﬂe—/a-ersm'(’/ra/,{) Jos IR ‘ / yy 14 L
~ o) p u_e,. Jh= S ss Ban K por VT &M? (2115)
acet /.5 7 74—:?« feft, The /27@;{7/5@':74947, “‘fffé"*? g
84 /{’»f} acts 2 ¥ < 7/5 477" Jhat scea 2ot

D =0k Jo Kz=o
/51:;0 = /?,4*-/?;_»,"/7/"5)4} K+l =278
PMy =0 = 1‘-(;”? = L |
| A q4x¢) — (R N2) #Ori)irs5)
/‘E/ = 2344 /éf’f Az = 2ok /6'F g

4,53. A tire has a diameter of 0.65 m and supports a vertical load of 500 kg. A force, acting at
the centerline, must be sufficient to cause the tire to move over a 10 cm curb. What is the amount

of the force?

c= 325 con == w3

Fraass = (500 k)7 ]2

» N .
L(0.327~0,1)= ©1220m

460N ~
V0 320 =3
— o =F> . —
Z WM =0 = + (Ao Y 032Tw) —(FY 6. 22Tm)
~ = 7078 ~f
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4.54. Referring to Figure 4.30, let the force be 5000 N and the lengih 60 cm and the diameter 2
cm, Calculate the normal stress and strain for steel, alaminum and brass.

F = 5000
Cb“]\— Q= 2em

Steel R.o0x/08 AP
L= €Qcm Al s v e 70 ri0 .,
_L Brass S0x07 o
' A=1rdT= T (6,02w) = 0,000 31416 w"
F A 4
= ST A
o= Lo ZEN L ysqipn g
¢, 0003416 ail wgq)u~;;f5
stee/ - = 773 - N
A 208 = &0x0
& = ISP —
2 =4
= ‘ >
7f0ﬁl0+7 2 57 IO
Sprass = SV = /J, 9)‘/0-‘4
Pxr0t”?

4,55, Referring to Figure 4.30, let the bar be hollow with an inside diameter of 10 cm, an outside
diameter of 12.5 cm and a length of 1 m. The bar is subjected to a loading of 1000 kN.
_ Determine the elongation and the normal stress if the materia} is aluminum.

~3) 1Q cpfm—

@) Aly e = 7.0 207 ppg

L ! o= 5 A= Ir(own = o)

:' :' L ) A= 0,005628 m?

= iyt U AR

l-«»al;‘;—a} q < Ty s Hoohe's faw ‘*\??"tﬁ
P <= 2Zovo 2N

c= S = 177 718 kf2
'L:_ ’7;.(0’7/2,%)

/OLZ & L = 05002{'1&!\ = Zcfnﬂm




4,56. Referring to Figure 4.33 | let the bar be bored to an inside diameter of 2 cm. Determine

the loadings per Example 4.6.
= toer . F= 21047
T T _ ‘ ' = = '
- = I - )= g T
Steel 5T 2 Boa = I (o1~ 00 = 000754,
| [ Ovdvn ‘ G_od - (COQGZ-FN: )ZE2 629 hP
! | 'If ’ :AOH
Iy ’T :
o I, Of3m “ .
I 9, e 2 16TD . - P
| oy 2 B8P o o6 305 Lf
i a
! %—L T ‘ AG;U(
=/O0t ’
~ oo brd S, = T . /3ze29 o6
== _ = . )
5 Z2xr0% © .CG,(,,
£, _ = €06 3o |
ey 3“: O.00303

2Zx108
AL, = (0.00066)(0:5) = 0, 000 23 = 0:33% pmn

Al o,o¢ 2 (6,00303Y6/3) = G, 0 Q0| = 3,2 mpn

4.57. Two 1-cm diameter rivets join two metal sheets together. Ifthe force pulling the sheetsis -
35 kN, determine the average shear stress in each rivet.

[

7?‘6&/ C‘—msﬂ—secﬁoua-/ 44 &9 ]@-w é‘afﬁ r-w::?é", A

. \z
A: Zz_ro]zzg(ﬂrcf) = &, 000/57 m?

—= = 222 87 2Py
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er and glued. The parts’ mating surfaces have dimensions

4,58. Two plastic parts are butted togeth
ge normal stress at

of 100 mm by 5 mm. If a tensile force of 5000 N is applied, what is the avera
the interface?

F
A = (6.)(0.005) = 00,0005 m 2
s / «= & - TJooon
A (0(00‘359-\42)
T = /0 000 kFa
f\mr/
be

4.59. A riveted connection must support a load of 9000 N in single shear. What diameter steel
rivet should be used if the factor of safety is 1.5?

F’
L /Z‘a,//ow = ‘?_/‘__bg_é____g = Z38,67 A/
2= £ 2 238670= ?-____A/J
A A n?
= f x s =
F= 9000 N A 3TTIROTmE = T

d = 000w =67 mwm

4,60. A riveted connection with two rivets in double shear supports a 1500 kN load. What is the
rivet diameter if the rivets are steel and the factor of safety is 1.57

Fs=/45 2«3 = 358 MFs
- e® Fallow = 298 - zZ38,7 1Py
sl ' /’5
3= A= 1500 AN
5 _ A 238 700 ENju*

A= 0, 006284 m?
/7&"& are tewe r-wcfis /n a/oué/c 5'{&11—
A = CZ)C?»),EL‘JE= Tdé = ©.006284

c/: o0 4]4'7m = 4:4'7:;”1
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- 4,61. The cable in Problem 51 has an allowable stress of 58 500 kPa. Determme its dlameter for
the worst load condition.

2”'9{_ A84Ha,’: th?‘
J’ w"é-“'“{a_a
e -—5-“—&-“— &! —— A
T — IS’ -~

torst asse oeccurs when pErsam Vo af esfrene /efg,
2 %= 0 L Rz=o0

2Fy=e = E)+ Ry ~150 ~2/-84

g/ +/?2, = 25—5—/5{_
C My =0 = < (84)(6) = (R, Y2 + 2 Xi3) (5o X5y

R =@530 by Yaaa82 AL )= v2¥i8 8

by
T = S8S00 bfa = £ _ 12./278 AN
| A A e
A= 19294107 2 _ o 2

d= 0049
C2£ = 4,85 v
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462 A steam turbine has an inlet steam flow of 4 kg/s with a density of 20 kg/m®>. The inlet
diameter is 10 om, and the outlet diameter is 20 cm. The outlet density is 10 kg/m® . Determine
the inlet and outlet velocities.

L= Abgls €= 2O > S 2
e k‘i d:: O < Alngdt :_’{;—(O(f) :ofoorzgs—mz_
1 _ N '
Ap= L= 003416 w
{I(*z)“;, 2 = (0 kg Jeud o= e Ay
da = 20 cwvn =

= 4 { :

V, (‘ %‘5\ - = Z'gﬂl'q{o V-'-/S

(zo k@/ﬁs)(o,ooqss‘wlb
Vz = (4> = ﬂ'?..nq% M’g

(oY Oo02(416)

4.63 Water with a density of 1000 kg/® flows steadily through a pipe with an internal diametex
of 5 om. The volume flow rate is 0.5 m*/s. Determine the mass fiow and velocity.

-\'f:: C’b:Sma’/s

.y 3 e
6 = \000 "5—6/&‘&3 1\
™ = N ANV Ay =\ volume ?’w{;h
W= @ V= (1000 kgfiua Y0 S ) = 500 by Js

pt.'( = E) AV‘
(500 %/s) = (roe0 é&/kts)(%—@'“’)&”‘z)é‘/ /s )
\/ = Z—S_‘q! é M/S
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4.64 Two gaseous steams containing the same fluid enter a mixing chamber and leave as a single
stream. For the first gas the entrance conditions are A; = 500 cm?, vi= 130 mv/s, p; = 1.60
kg/m®. For the second gas the entrance conditions are A, =400cm ? | M, = 8.84 kg/s, and p2
= 1.992 kg/m> . The exit stream conditions is vs = 130 m/s and p3 = 2.288 kg/m®. Determine
the total mass flow leaving the chamber and the velocity of the second gas entering the chamber.

A= SoOcet
Vi = (30 m/s

& = {; & ﬁg/ws
- (l')i

| <32
)| Yz, =130 wufs
Av= 400 cm™ €3 =2:288 kg/u3

Wi = 884 kgfs .
= ? 2 3 ’
= (1292 kg C@m;c,me‘&cw« »g Meass
\ ,

\ A\
NB":U’\-\*—‘M—L

U\‘A\ = ©, Alv, = C(u" %/’wa 1:(':.!-_-?)-—08%23:-2- ><‘30 M/g)
: 00w _

Sy = 1004 kel e

Moy = 14,24 kgls

V-:‘-z,,: .E)&A;_n Ve = C\“?‘?Zx %Gx\-{z) = 8384
Yz = (/C)f?M/S'
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4.65 One hundred k)/kg is added to 10 kg of a fluid while 25 kJ/kg of work is extracted. -
Determine the change of internal energy. Find the temperature change if the substance is: a)

water; b) air.
g,ziong_i:‘ S
—E‘i‘?‘f yG : oo.—_‘zfs‘%_(?
¢ -
o & TL'— C@«»&@N&Mg‘, E«v«-w-r?(, fﬁ—\"
closed 9:?9:4’,«&«3 ‘s
q:) — e (CLZ"'Q_,) 7 dA (V’z.z-“\ffz‘) .,;.M-l(‘&é_"‘&,)a -+ L\f
z

Ae e,écma,g o uc/oc,é /s govo, 78 al@\ﬁ,z P AN
Fer0, heuce G = s (BL) + I/ y v e 65 r
_Df = AU A e
00 = AU +25 .63&‘1'—“’75-'/2.\3’7%

= O, LT , =28 = ¢04.0C
2 7‘”75 /élfhk Pa) Tw 0('_”'7 {,
Cwaknr = 4186 " A Twafer = 75 = 7,9°C
S E-1
4.66 A container holds 15 liters of water. If 2000 kJ of heat are added, what is the temperature
change?
260047 [1e 7" Q= AU+ AKE+LPE +)A
_——>' =, o = o
{ #eO HKE=0 | APE=O , W=0 (y=c)

Q=Aa0= me T

ﬂ":-diﬁ*\.Sf’lL-‘ c—;ﬁ woler s (6oo Q?-ﬁ/mg 5 Theve are (500 bt s
so eock M'm- cou hins \(u[ o,\{wqqefd r&us, = 'S.fz{ff
Q ake = AN86 BT /Lo
2000 = (15 Y41 86)(AT)
AT =307=307 °c
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4.67 An adiabatic tank contains 2 kg of water at 20 C and receives 20 kN . m of work from a
paddle wheel. Determine the final temperature. ‘

2 iy Bl ) a.’...ﬁ":'l-é‘"i) S--.)rsf"f""'4 .
leg . HP =20 &J ‘ B _
§“—f - | QR =a0+AKE F+2P E+] +ilp
@> O &C{ia(v&)‘lc— 7

252
BHE=O  APE=G ., W=0 (V=C)

) = ﬂ’l(%z.“tb,)*‘l‘lrg&) = chﬁ,ﬂ?‘;‘) f—wf?
O = (2 kg XAVe6 BY Y Ts-293k) - 20
2= 29,4 = 2z . 4°C

4.68 Two kg of boiling water (100 C) are poured into a 0.7 kg steel container at 20 C. What
will their final equilibrium temperature be, assuming no losses to the surroundings?

My Cs T+ Ww Cw T = W T+

(O kg X o.41 gk)@?? K)+Cz) 49,86 =73) =

73 (E)Xa186)+ (0. 1(00419))
73 = 3703k = 97.3°C
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from burning: a) one metric ton of coal; b) one liter of

4.69 Determine the energy release
¢) 5 kg of natural gas.

gasoline (specific gravity = 0.836);
q}rafca sedd Q’H h(‘? X ‘nL?.P ,.b_.f )
. }43

a)  (ieoo ‘maI?—"? oo 63 Y = 2,19 %O BT

L
b\) j’ﬂ{“/-‘ /7(2,0 = /Ea Jfgrm..n% = e/‘e(‘ho
l/(7[f/r~;deo/pne, = (/)(0.836)= ©/83¢ ky
L
(o0.836 X A4 Bo0) = 374953 bV

ey  (5)Y5T450) = 287250 LT

e the ground. Itis

a height of 3 m is located 50 m abov
the tank? If -

the ground. What energy is required to filt
is required? '

470 A tank with a diameter of 2 m and

filled with water from a pump located on
the tank fills in one hour, what average power

The work 15 The sawe =3
(\ "'agb&.\’; 5O v raﬂ’e

=
B 1‘;‘—{'\“-5 a .

el PAD 55 W Tle iz—v\’c i3 '_
o " =eFV=(im%X‘j}{‘2X3)

L - = 424, Blg

Q= AU +DKE + APE I
G20, no ket Aansfer , OHE=O
| \/Q( :“AIDE: —-Mg (%2"‘2‘!)
N = - (.'7424,8 %X?;B m/szXS‘or-O m) 4000 IS
L= — 96/8kT

Powt‘%’, }/L'// s

V= bl = —AEEET - 284K
o F 600 s
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471 A 0.5 kg container is dropped from t he top of a 75-m tall building. Determine its kinetic
energy and potential energy at: ' '

a) the moment it is dropped;

b) afier it has fallen 50 m;

¢) the instant before hitting the ground.

_—T—‘ 1o Shy ‘ &S e io\\’g'l&( Vﬂl“q% )kff:
M%%,

- q= % B i .
" PE, = (0:Sly Y082 Y 7T )
N . ‘

b) P = (Oas X281 z5)
FPES ——/az,f‘J"

tuejtc =n %\Z/

e, = PE~fF, = 295 T
<) +/ /)0?4“74'/3/ “eﬂ-&{f/ /5 c_wa-'a»;éq//é,é/”/{; tpm,\,;/.o
FPe=0 A= = 3670 J

472 An airplane weighting 10 000 kg is flying 2000 m above the earth's surface at 1000 km/h.
Determine the plane's kinetic and potential energies. '

ﬁm-(o,oomkg Bnd The valoatﬂ g

V= 1000 luu/
= C‘GQQ Q_MX[OQO Y \( bb“?)s) .
2600w - NTEE s |
kc:— £ {A-LV “" —-L Cﬂf_ﬁ) CZ'?‘?:S’?/;)
vV 2. < Lo T/HT)

AT = 3,858x10° AT

Frs = MaZ = (16000 4 )(7.8 wpsr ) (zo00 m)
(000 I/p o)

I

Pr = /9¢ oo AT
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473 A rifle bullet has a mass of 1.5 g and leaves the barrel of the gun at 500 m/s. Determine its

kinetic energy.
(:3g . 2
J_E KZ:—..- -ZL v
- - é /IS-
J00m/s . K== < (/ooo&‘g}"ﬂ XEMD M{S)L
’ KE= /805 T

4.74 TFive people are lifted on an elevator a distance of 100 m. The work is found to be 343 kJ.
Determine the average mass per person,

4 W =34%kT C (osed sclﬁ{ﬁw , BT law
= o
peeple| "<l FO 5 = AV AKE +HPE 14
T G=0, LKE =0, AU =0
/00 — = = _ _
" W= 4PE = § 22

J’ “6”543}2-3): Cmtk%X?a_B W’glem )
(/000 ‘T/AJ—)
My = 350 (za ( fve r:.o_offt)
F = IS0 Am:vr‘?oéjﬁ‘-ufimvw

4.75 An adiabatically insulated 2 kg container is dropped from a balloon 3.5 km above the earth.
Upon impact with the ground the box remains intact; the volume remains the same, so no work is
done on it. What is the change of intemal energy of the box after impact? o

Iv\su(a.l'ul C loszd §4_\5 #@w\. , VT bseo
2y 3 = A0+ AUE+ 4 PE A W
T ' Q = O w\s-&lé{le aohésoﬁ‘h‘li L(t(

i == veloatby 1ne
3,5bwm A < 5@,‘;1,,

L A\}’= "'APE'- "Né C%‘L"%i) = +Y“8 (%1" 2‘22‘
A0 = (2)R8 Ayt [(3500m) _ g (g

Cieo0 S/p T
4-40

ha.i[c{ 4 own T—uw&cl




4.76 A fluid enters a device with a steady flow of 3.7 kg/s, an initial pressure of 690 kPa, an
initial density of 3.2 kg/m®, an initial velocity of 60 m/s, and initial specific internal energy of
2000 kT/kg. It leaves at 172 kPa, p = 0.64 kg/m® and u = 1950 kV/kg. The heat loss is found to
be 18.6 kl/kg. Find the power (work per unit time) in kilowatts.

, |
M5 hgls B o= /72 kh

W= 30Thgfs -
P, =€ kfa [T : Ce = 064 leg /a3 spe=0
e, =32k \ Nz = {60 w5
V) =60 ws 1> W Uz = \] SO &v-‘il‘/h%

ty = Zo00 w/ﬁ‘f Y % A h‘rfﬁa
D pen Sys ‘(‘EW l%’f Laco
¥ 1 -
Q "\"V‘-“(L‘L—t*‘ P‘/ﬁ *.k_{*}?é \A(-Fw(‘-&z.‘i'fa/e 7—62‘/{3
(5:7 kg ) -18:C tﬂ/hé Y+ (37 h«a/é[zoowr m%‘i - fg,}@; %_ .

= ) 43X 450+ M%) o + L60%
( )C /0'64 (zX}voo)

\,L[ =~ (z6) kW

4.77 A fluid at 700 kPa, with a specific volume 0f 0.25 m> /kg and a velocity of 175 m/s enters a
device. Heat loss from t he device by radiation is 23 k¥/kg. The work done by the fluid is 465
kVkg. The fluid exits at 136 kPa, 0.94 m®/kg and 335 m/s. Determine the change of internal

energy.
{D."-.'?GOZ%‘Pa p=i136kbfa R Ua=?
o] R VESELT Open Sy
ey J ‘mm% ; éF‘f’- =0
_g =~23 é.u/t?

(§>+ uu.(LL|+ p;ﬂ+l?-z,+/) = () > (m?_+,9aﬂz.+ﬁez;;é )

ca//wc/e (7 P,
C - A v,
‘g AT *"-é‘)

=W (Uz+ Fg&"adh'_\fg')
=

=28 o+ (70c)(0:25) +LTS%F = D61+ Lua-w,) +(136)0,29)+ 335
Zz 1660’} Z (10%)

AU = —48f & [ei?/%
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478 An air compressor handles 8.5 m? /min of air with a density of 1.26 kg/m> and a pressure
of one atmosphere and discharges it at 550 kPa with a density of 4.86 kg/m®. The change in the
specific internal energy across the compressor is 82 k¥/kg, and the heat loss by cooling is 24
kl/kg. Neglecting changes in kinetic and potential energies, find the power in KW.

e, SI::::V\:;?MS_ ’/’“«? fz= 590 e oke =0
p = lol B¥a A Ce = A:8bkg/u>  ape =0
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479 Calculate the kinetic energy of a 1200 kg automobile moving at 60 mph.

\/=60meh V= 6020 4qq03% = 2882 m[s
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4.80 The automobile in Problem 4.7¢ is stopped. The brakes have an average specific heat of
0.92 kV/kg-K. Assume that one-half of the energy is adiabatically absorbed by the brakes, which

have a collective mass of 6 kg. Determine the temperature rise of the brakes
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4.81 A heat power cycle with a thermal efficiency of 0.4 produces 12 000 kJ of net work
Determine the heat added and heat rejected per cycle.
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LI RO EWnef.: |2 000 LT
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4.82 A heat power cycle with an efficiency of 35% receives 1500 MW of heat. Determine the
net power produced in MW.

i Al
@rn gﬂ‘ > 0’5 = S eat
B=YoYe

et = S z5 pp s

/300 S 5 ‘/LJM‘{

. = 357,

4.83 Refer to Example 4. 11. Determine the heat leaving the power plant. If water is used for
cooling, receiving the heat from the power plant, and it increases from 15 C to 25 C, what is the

required flow rate in cubic meters per second ?
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4.84 The cooling water in Problem 4. 83 comes from a lake where the return is mixed.

Atmospheric cooling at night maintains a stable temperature. However, the specifications require
that the lake must be large enough such that the mixing of the 25 C water into the lake water at

15 C will not cause the lake water to increase in temperature more than 0.5 C in a 24 hour period.
How large a volume must the lake be? (The density of water is 1000 kg/m?)

(0Z 39 b/ @ 25°C
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4.85 The power plant in Example 4.11 now uses coal with a 3% sulfur content. Determine the -
sulfur dioxide produced, with the same scrubber efficiency mentioned in the text, and the tons of
coal required each day. If a railroad car holds 86 000 kg, how many catloads of coal are needed
per week?
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Appendix

1. A student received grades of 85, 84, and 91 on her first three chemistry quizzes. What grade
- must she obtain on her fourth quiz to reach a 90 average?

BS+89+9( +x = 4+90 = 3¢0o
X = /00

2. A student received grades of 78, 82 and 72 on three tests in physics. The final exam counts ag

two test grades. What must she score on the final exam to have an average of 80 for the course? -

VB +BL+T2+ 2x = 5480 = <100
-

3. The octane rating of a gasoline is determined by comparing an engine's peak pressure from an
- actual gasoline mixture to a standard value. The octane rating of a mixture is determined by the
volumetric addition of the fuels, thus equal volumes of 80 octane and 100 octane yield a 90
octane mixture. Determine how many gallons of 95 octane fiel must be added to 100 gallons of
85 octane fiiel to obtain a 91 octane mixture,

x aalfems

‘/00 aé( PEO L aiﬂms
& octahe - ?foe{q_me

I

X (7€) + UeoX8) = (100 £X)(%)
T = gov
X = /sOg4 alfons
4. The pumps at a service station blend 87 octane with 95 octane gasoline to obtain an octane

rating between the two. A customer receives 15 gallons of 92 octane fiuel. How many gallons of
87 octane were used? - '

[ A f
BToctane R sclane if{j-a./
(lf"'ﬁ)aé.( ‘?Z.GC_AHC‘.'-

X qallons

Bl + ?Y(T=x) = ?205) = /380
Ex =4
X = 5, é’Zl"’g\l/
Al




5. Atank holds 500 kilograms of brine with a salt concentration of 20% by mass. How much
water must be evaporated so the concentration rises to 50%?

s b

209, s/t SO JalF

(o0:.2)J60) = soo % sa/F mr?‘éa/§ s /00 ks fiaf
&5 = [0 &rza'oéj et/

1 Jop 4(7 :-_Wdfm;é;/

6. The radiator in an automobile holds 4 gallons of a 10% antifreeze/water mixture. Tl}e :
percentage of antifreeze must be raised to 25% by draining some of the mixture and. adding 100%
antifreeze. How much mixture must be drained? All percents are on a volume basis.

. phliod
A g2 — o A g3l
l§7a @_za,rﬁ

T

4 5&, rewmotved )
ﬂ“%%@&e mm{a/-% /7%4%/863( aq/a/&/f /%’m%%g?,cque}
(G-xH @)y + x(10) = (4 )e.2Y)=/0
Moo= /5&/

7. A ceramic clay contains 50% silica, 10% water and 40% other minerals. Determine the
percentage of silica on a dry (water-fiee) basis.




8. Gold has a value of $12 a gram. A student finds a large gold ore nugget weighing 1000
grams that contains gold and quartz. The density of gold is 19.3 g/cm?, the density of quartz is
2.5 g/cm® and the density of nugget is 6.5 g/cm® . The student is offered $150 for the nugget;

should he accept the offer? .
G,_ga =193 §lemd 2 ﬁ/@
Q%u&v—é - .Zi{ajt“‘s

X = Bfama a,olej |
CIU'U'O %’) ‘6@&9 EUM’é
s (r9.3)+ Cevo- )c)(:.’, )= CevoX6)

16: 3% = F400 "
= Z38, /5 @ /Z/g

\#Z 8{”7 ———— U’:L/Uc i

L on ECCe/D%' %Tér«

9. A tank may be filled using pipe A or B with times of 10 and 20 minutes, respectively. It takes
only 5 minutes to fill the tank when p1pe C is used simultaneously with pipes A and B. How long

does it take to fill the tank using only pipe C?

26 wly
&
(5 patn
AY B \l /0 +ZO +C ) /O

©.(+0,00+XxX = 0,2
X = 0.05

< = 20 ‘V\'\I‘V\

"10. Two workers can assemble a device in 3 hours and 5 hours, respectively, How long would it
take to assemble the device if they worked together?

5}39\‘ O Sh ﬁ(;:gi..,t.sé)_____/’o
- ;‘( Z(0,{33)= /.0
= /,58h




11. An airplane flies with a velocity of 250 mph when there isno wind. In the flying with the
wind it travels a certain distance in 4 hours. However, in flying against the wind it can only travel
60% of that distance. What is the wind's velocity?

- ¥

e

RN

(.‘25@'\‘*‘/_) in 4 h

\-a-e:k . % aifes ,%1

(25D-v) = ©,6x w 4h

v = (250 +V)(4)

fan /%be bﬁ O:lo

o bx = @,4)(2«)4—\/) )

HAfso .
0. bx = (zvo—-v)@() Co)

Qﬁuqk (a) aund (b)
z,4 )(zvo+v) = 4 (270 ~V)
g,y = 400
v = éZi(bM}/[‘

12. A state's automobile inspection program checks headlight alignment with the specifications
that the light beam drop cannot be greater than 2 inches for each 25 feet in front of the car.
Suppose the headlights on your car are 28 inches above the ground and that they meet the 2 inch
drop requirement, what is minimum distance in front of the car they can {lluminate? Ifyou are
driving at 50 mph, how long does it take to travel that distance?

Yﬁrzsu z@"xzfrfé__': 235D [eet
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13. A tractor has a belt pulley diameter of 10 inches operating a 1100 revolutions per minute _
(tpm). The puliey is connected to another machine that needs to operate at 650 rpm. What size
pulley should be used on the machine?

O TPV e

— | ot e

oo ke X = [6,92 mches
LY @) /O

14. The following table lists the amount of grain and hay that a steer is fed to produce the
desired weight gain. The grain costs 0.15 $/pound and the hay costs 0.06 $/pound. ~ Determine -
the lowest cost combmatlon

Combinations of grain and hay to produce satisfactory weight gain in a steer.

Pounds of Hay . Pounds of Grain
1000 _ 1316
1100 | 1259
1200 ' 1208
1300 1162
1400 \ ‘ 1120
1500 ' 1081
1600 - 1046
1700 ' 1014
1800 o ‘ 984
1900 957
Uﬁ:z, A 5,»@&4[54?&'/ (9 se:/l/e 74—‘/ /ﬂca;,% f?xfuut.s; ve
Corat firp a.

1000 1316 2574
1100 1250  254.85
1200 1208 . 2532
1300 - 1162 252.3

1400 1120 252-&—"""'7[«915—/ WAl i ot Ui cw.':f
1500 1081 252.15
1800 1046 252.9
1700 1014 254 1
1800 o84 2556
1900 857  257.55
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15. Inventery turnover is the ratio of the cost of goods sold to the average inventory value,
Inventory value = Cost of goods sold/Average inventory value

The XYZ Office Supply Company started the year with an inventory worth $28,532 and ended

the year with an inventory worth $33,124. During the year the business sold $264,845 worth of

office supplies. What is the inventory turnover ratio? 1Is a high ratio desired or not? Why?

Lny, = ZM &:,59
T 20828
Ape mue‘uﬁwf valve =8 532
z23 {24

216! 656 = 3G 82ZS
\z&qk \"a"f'T@ _— WAeTE ] a(ua-:‘\( 50(4 o (emce a—ﬂ’-é'zir
16. The standard aspect ratio (width to height) for a television picture is 4:3. The program
director has scheduled to broadcast a wide-screen movie that was filmed with an aspect ratio of
2:1. Suppose that the showing will broadcast the full width of the movie, while maintaining the

aspect ratio of 2:1. What would the result look like on the television screen? Illustrate with a
sketch. What would happen if the movie were broadcast at full height?
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17. You are managing a mail-order business that has § workers assigned to process and package
orders. These workers are packaging an order for 2500 parts which needs to be mailed by the
end of the 8 hour shift. So far they have packaged 900 parts during the first four hours. It is
evident that they are not going to be able to finish the order during the time remaining without
additional help. How many additional workers are required to complete the task during the last

four hours?
9@@ a—r{'s > o <
—__E. _ “2’_.:)__!”%{\'\ = S pov ‘
< h N t;;u(;f-e s ( 1(3/'6\/! =0

2500~ 960 = /4600 ;so:éfﬁ‘qa:"'*? v
X= 6,88 o 5 Ah/
',| 4#‘_&4,{_ WAM‘S

18. During the first year of operation a clinic treated a total of 4916 patients and gave-' 624 of-
them flu immunizations. This year the clinic is treating more patients, 3384, during the first six
months and has given 487 flu immunizations. You need to order supplies; estimate the number

of patients and flu immunizations for the rest of the year.

TAe it yoar e flosbihffufock = 629 y2ep
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19. A water treatment plant deals with very large volumes of water and very small
concentrations of chemicals used in the water purification processes. In one process a chemical
must be added in the amount of 0.7 parts per million. The treatment facility has holding tanks
that contain 850,000 gallons. How many gallons of chemical should be added to the holdmg tank

to obtain the desired concentration?

Orqfa'rié/m‘r{/:e:% QS_O vlel®) ﬁc,//eu;
(0#8)" Mt(/fWid-/é-tgg )(@,7):‘:—. &7, (‘f} Jd//d“l/lﬁ

20. A two-inch diameter puiley is mounted on a motor shaft that rotates at 1200 revolutions per
minute (rpm).  This pulley is connected to a five-inch diameter pulley mounted on the shaft ofa

fan. Determine the fan's rpm.

. "Lﬂorpm f‘ng _E_ _ pye
) /200
. = “4gao Cpres

21. The gears in a transmission are often described in ratios, such as 3:1, which means that the
drive gear rotates three revolutions while the driven gear rotates one revolution. In a certain
automobile the final transmission and differential gear reduction is 3.2:1,  The engine crankshaft
rotates at 2600 rpm, how fast does the drive axle rotate? Iftires with a 26 inch diameter are
attached to the axles, what is speed of the car at this rpm?

K
“ Wheef - ZEeD
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22. A worm gear is used in manual winches, such as the one shown below. The worm gear has
a ratio of 45:1, indicating that 45 turns of the hand crank are needed to rotate the large gear once.
Suppose that the drum attached to the large gear has a diameter of 2.5 inches and is used to reel

in 12 feet of cable. In a test, you find you can rotate the hand crank at 40 tums per minute. .

How many minutes will it take to reel in the cable?

cable
' 25" L Disonee = o) = T (7)
{even diawme A 12
625"’ = 0,647 Fren

[
7 ﬁ:b:f'Q@; = {—EFE& = (3,23 rev e;](

oibs4y Z, 5" v

AT £ 18,33 82¢ mv#wggw
B2 € rev
7 A{O T‘—W/mm

23. The pressure in a system may be increased by using two pistons of different diameters
connected to a common push rod.  For the pistons to remain in static equilibrium, the force on
each piston surface (pressure times area) must be equal.  The larger piston has a diameter of 10
centimeters and the smaller piston has a diameter of 6 centimeters and the pressure acting on the-
larger piston is 140 kN/m?, what is the pressure acting on the smaller diameter piston? Ifthe
diameter of the larger piston increases by 20%, everything else remaining constant, what is the

pressure on the smaller piston?

= 20,6 nruwn
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24. The steepness of a railroad track over a three mile grade is reported as a rising grade of 11n
43, meaning that it rises one foot for every 42 feet in track. Following the rise, the track now
descends 5 miles with a descending grade of 1in 79. Is the elevation at the end of the 5 mile
descent less than, greater than or equal to the elevation at the start of three mile ascent?

fomer — gzt _—::;!‘?{
( -
1584° — , Sy N
/ 37 /ff = 2é‘7f£)zjf 3;@;(
y B b
“s 5
5840 _ 577, 2EHO_ pog o
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Lie st ;ue/? é-y {3'?7,/"&?3%() 57.-4%47{

25. The compression ratio of an internal combustion engine is described in terms of volume
ratios, the volume at the beginning of the compression divided by the volume remaining at the end
of compression. These compression ratios are expressed as 8:1 or 15:1. A diesel engine has a
cylinder of with a 6.25 inch bore and an 8 inch stroke. The volume left at the top of compression
stroke is 15.9 cubic inches. Determine the engine's compression ratio.

!g'—-—é'.z ”_,._-a, :

. z . _ .13
VAR \/:',WFJC ] (6.25)°(8)= 2474
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Vo) = 246,4+(CF = 2¢0,3,7
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26. A computer manufacturer ships 200 computers to two different stores, A and B. It costs
. $4.50 to ship to A and $3.75 to ship to B. The total shipping invoice was $806. 25. How many
~ computers were shipped to each location?

2o
Y20 |# Fers |4
200 ‘
cowmpy [ Fay . 13
200 = x4+
£06,25 = x (4,20) + @C?n?f)
Toe.25 = A2x + 3.95(z00- X)

X = (25 A A
’51 77 o 8

27. Tank A contains a mixture of 100 liters of water and 50 liters of alcohol while tank B has
120 liters of water and 30 liters of alcohol. How many liters should be taken from the tanks to
create an 80 liter mixture that is 25% alcohol by volume?

)<+8 = 80 |
(0:33%) + (o;'z.(a);-(o.zw')@o)

(0:33x) + (0,2)(go-x) = 2
X = 30,77 /ifrs
g = 423 ) feus
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78 Tn a material science laboratory a 100 gram alloy is found to contain 20% copper and 5% tin
by weight. How many grams of pure copper and pure tin must be added to this alloy to produce
another alloy that is 30% copper and 10% tin?

Copper Co pg _ Copper

L Aled = =L,
©.2 (160 + X (10) = 0:3(w0tx+y )
Ol =03y =10 (2

7in oI rov) + o (oY= O
e 6 7.0) | (oo +"‘+:3‘ )
=0 x O;‘?5=S" (6)

Sc"/u'r: [a)e;(é,) qu-ﬂ — O %a = [0

6 ’*'7:(—5 X = qu\’a

79, You are coordinating the ice cream making at a state agricultural fair where two types of
homemade ice cream will be available. There are two main ingredients, eggs and cream, and
there are 500 eggs and 900 cups of cream available . Plain Vanilla requires one egg and three
cups of cream per quart while French Vanilla needs two eggs and three cups of cream per quart.

Determine the number of quarts of each variety that should be made to use up all the ingredients.

C reaua = 00
Pafauee S+ 3’3

D%+ 64( -‘_'“ﬂo'o

P _
ji?,f a;lim [x + ZJ = 500 ()
(2) by 3

3{1 = 600
a = Zov 5’7&*
k= JoVs7s
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30. Tn intramural sports, one dorm has won a total of 12 games this year, some in vo]ley.baﬂ
others in soccer. There is a rating system where cach win in volleyball counts as two poinis and
each win in soccer counts as four points.. The dorm has a total of 38 points, how many soccer

and volleyball games did it win?

S| 2-gqavwes wen |
30 OO T ,:‘! \”LS/UJ(H %

Xrw o= (2. ¢a)
g 2% 4 Ay = =8
o A P‘; bk X b Ty 9 ', ,
' ‘Z.Q:,|A\ a"_‘, 7 st e ey ){mf\fo(ﬁ:réé][
31. As aproject manager, you are responsible for allocating 2 $10,000 bonus between 4 full-time

and 2 part-time employees. You decide on the algorithm that the full-time employees will receive
an amount which is twice that of the part-timers. What is the amount the full-timers and

part-timers receive?

& {OJ 000 bmu‘:’:
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32. The Tastee Beverage Company makes three types of juice drinks: CranOrange, using one
quart of cranberry juice and three quarts of orange juice; CranPine, using one quart of cranberry
juice and three quarts of pineapple juice; and PineOrange, using two quarts of pineapple and two
quarts of orange juice per gallon. Each day the company uses 350 quarts of cranberry juice, 800
quarts of orange juice and 650 quatts of pineapple juice. How many gallons of each blend are
produced daily to uniquely use the above amounts of juice?

(f')( eran ey ——-—"
B, 4+ o | CRAVEE
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'Se. 58 y 22 = €50

g~ (Y0 gal  Cran Hae
2 = /O‘Uéa,/ e 09-»wft’

A-14




33. As President of ExpressAir, you are considering the purchase of additional airplanes to
expand your company's capacity by 2000 seats. A mix of aircraft type is desired because of
routing and the following information is known: Boeing 747's cost $150 million each and carry
400 passengers; Boeing 777 cost $115 million each and carry 300 passengers and Airbus A321
cost $60 million and carry 200 passengers. The routes indicate that a wise mix of aircraft would
be equal numbers of 747's and 777's. The total budget available is $710 million. How many of
each aircraft can be purchased and satisfy the seatmg increase?

1477 j 777ﬂ A32]

—t

@ _ X U

/30 w&xiifiorn //5 a-uf/a'&r FE0 wilicn
~ACD /nassa‘ffws .
. 307 /pqlssm?ws 200 /gassevj%

() “(‘j
40‘6'))< + Swﬁ + 2002 = Z00O
@) - Ix Ja-FZg.:ZO

e
Z

(O /S0 x + //% + 602 = /0
| Jrﬂ‘c (2}, (A) (c) s;aw/ﬁfwwé Sol (3) i
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34. A company maintains two distribution warchouses, one in Jacksonville and the other in
Sarasota. The warchouses supply software manuals to two retail outlets, one in Orlando and the
other in Tallahassee. The Jacksonville warehouse has 1000 manuals and the one in Sarasota has
2000 manuals., Each retail store orders 1500 manuals. Tt costs $1 to ship a manual from
Jacksonville to Orlando and $2 to ship one from Sarasota to Orlando. It costs $5 to ship a
manual from Jacksonville to Tallahassee and $4 to ship a manual from Sarasota to Tallahassee.
For a budget of $9000, how many manuals should be shipped from each warehouse to satisfy
each store's requirements. '

Tai(abhassee

W+V= 2000

J‘x—/—é + 2w+ Gy = 7000
X+V =/i§60
&'f-a_ =jf00
5;‘)/6’6'— ﬂc’se -ééuaﬁ%cnmsﬁ" x, ﬁ;("v\/!
V= U = /000
)(:::ﬁ = 8§00
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35. Solve Example 4 using matrix methods.

Create a matrix of coefficients )
‘ Matrix A - Matrix D
0.25 0.2 0.4 22
0.4 0.3 0.2 28
0.3 0.1 0.2 18
Find the inverse of Matrix A
«2.85714 0| 5.714286
1.428571 5|--7.85714
3.571429 -2.5| 0.357143
Muitiply the inverse Matrix by Matrix D
Yielding the solution to the problem
40kg x
0kg vy
i5kg 2

36. A sexvice station sells three grades of gasoline, regular, premium and super. One day the ‘
station sold 150 gallons of regular, 400 gallons of premium and 130 gallons of super for a total of
$909. The next day it sold 170 gallons of regular, 380 gallons of premium and 150 gallons of
super for $931. The price difference between super and regular is one-half the difference

between premium and regular. Determine the cost per gallon for each grade of gasoline.

> @/‘&M bd ﬁ/aa—} Z= #/66/‘
EESs | PREM - [sepER &
(S'G«aaj ' 4&‘68” | (goa | = Q09
(10gsl F80g! (5D ga) - 73)

/SOx + 46Ty + 1307 = 909
(70 x + F80g *+ (SO &= 73/
Z-X = F(4-x)
Selbe Kz\;?};/'?/&a‘/
0‘( :‘/rq//ﬂd[
z = /IZ?/J.&/
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37. A chemical engineer has three salt solutions available, 5%, 15% and 25%, to make 50 liters
of a 20% solution. There is much more 5% solution available, so a requirement is to use twice

s much 5% solution as the 15% solution. Determine the amount of each salt solution that is
used to make the mixture.

P4 'ﬁ,é:—s -

S

5% (5%, 255l = | 5O hfes

X +5 + 2= 50
&,05 % + &,/{6 #0285 2= (0,2XsD)=)0
K:-Zg_
5"’/‘/‘37@‘”5‘:‘6;% ﬁ = 5 [1kes 15D

X= (0 litrs 5
2= 35 /ifkes 270

38. A manufacturing company produces two products. I and I, that require time on machines A
and B. Product I requires 1 hour on A and 2 hours on B, while product I requires 3 hours on A
and 1 hour on B. The company is open 16 hours per day, with the machines operating 15 hours
per day. What is the number of each product that can be produced daily? :

A B

Ceepver T H«-Ai Zhe B x
FPropuver I ke A, Ve & ‘&

Ma,c(nw\es G‘W‘a"e Yy ‘r\[ﬁja(.,
hacthine A e e+ 3y = y”
Machine B frwe Zx +\y = s
Selve = 3
x= b

I é Pmc/uc_-f- e 3 Pmc/dc: fﬂ“
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39. Three grades of resin are available which may be mixed together to form a fourth resin.

The costs of the initial resins are $4.60, $5.75 and $6.50 per pound. The mixture value will be
$5.25 per pound and 20 pounds are needed. In addition, the amount of the least expensive resin
should be equal to the total amount of the other two. Determine the amount of each resin

needed.
X 7 ”m - 1
7 Y

S | T ____/f SR LESN

X+—6+ 2= Z0°
760 x + 0’?'7? + 60 7= (20)(5725) = r0%5
- K = (9?—?: |
Svb valve ;{ x st /mu;e-a.‘s" eﬁ,‘.msﬁcy—cs/
Jﬁ/\/‘iufa%» é-ﬂ-ﬁ/ Thew <, -

40, An engineering club holds a benefit party and collects a total of $2480 consisting of five, ten

and twenty doliar bills.. The total number of bills is 290, The value of the total number of tens is
$60 more than the value of the total number of twenties. Determine the pumber of each type of

bill the club has.
P——r . . 1
_ 1 g, v |
2 N A R N e
Aé+g/+ 2=290
S X £~/ 5-*;20%:2480
/Oﬁ = 60 A202
. = &+ Zn
Sué y 'E’é/vazéciﬂ ‘A r‘S“?L 744.)‘0/ S!-c)/l/fu.? VQA/
XA, & #
= = /6 3 = &¢
%= =40 (o) X 7(5) 4 )

A—19




41. A right triangle is formed from a wire 60 cm long. The triangle's hypotenuse is 25 cm.
Find the length of the other two sides.

kT (35 xY =621

XKEF 122770 x+ x == ¢2%
X2 —3{x+36D =0

Cx-2z0 X x~17D=0

42. A student is given a 9 inch by 12 inch piece of paper and is construct an open box by cutting
equal squares from each of the comers of the paper and then folding up the sides. The base areas
should be 60 square inches. Find the length of the sides of the squared that are removed.

tﬁ—-—h— ci;u’ —_—]

: : '-i Clz-2xY(2x) =60
i e K OB ~A42x +4x> =60
@] | ot ZxE -l 24 =0
~ b T\ b= 4;\(:“
__LE-——w-ir--- X = ' 2 a
= x Lo 2 =\ 2022 Cay(enz4)
A
o X= 73, 43

PRE———

/KZC: cm% 2 @s/ca/éfa SS'rl/'c' vdlve s 3
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43. A student is driving home, a distance of 150 miles, for the weekend. From previous :
experience, the student knows that increasing the average speed 10 miles/hour could reduce the
time of the trip by 35 minutes. What is the actual average speed?

Vet .
[ V+0 @ £~ 3 |
— e —
Vit = /SO %= /504,

(\/%/o)/é*i):/xﬂ
'S0, —0,5833) = /(YO
(ViyrodX /520 7 33) |
(vrio))so -—5,$833)=ryOV
08332 _ ¢ FB3v prye0 =O
VEL/0v - 2576 =0
—_——
v= =0 X V/OZMG?U@')(;ZY"?/;G)
—""'_'—_'——-._____“_—‘“—-_ﬁ‘—«-k' N
Z | , : .
V= £ A = Al wph o = SCup h F”;té/ .
44. Two pipes, T and II, can be used to fill a tank. Pipe I fills the tank in four hours. Ifpipe Mis -

used by itself, it takes 3 hour longer than if both pipes are used simultaneously. Determine the
time it takes to fill the tank with pipe II. :

T o
= | -3ty
w | -
| 1 (£+3)
‘ A'&——"évffs—-r‘-ﬁ"::/'o
4(t+3)_7 | |
22 +7t = gtsr2 £2434-12 =0

f= —3B X @3-—@[/)(—/2) = +2,27( , -5, 27§
- _

Z=L = Z‘Z'?‘ﬁé 01(9 /aﬂsgfé/e (/'&/U'E-
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45. Assume the annual rate of inflation is 5%. Determine how long it will take for prices to
double if they rise in proportion to inflation. :

(=52 =z (/)"
2= . (fi05)"

(2) = g L oy )
n = {4;2-‘7"@‘3'(5

46. The half-life of radioactive carbon 14 is 5700 years. After a plant or animal dies, the level of
carbon 14 decreases as the radioactive carbon disintegrates. The decay of radioactive material is
given by the relationship, A = A, ¢ ™ , where A, is the initial amount of material at time zero
and t represent the time measured from time zero in years. For carbon 14, k=1.216 x 10~
years. Samples from an Egyptian mummy show that the carbon 14 level is one-third that found in
the atmosphere. Determine the approximate age of the mummy.

’ | - 5700 g~ 2 = /,;?./'4»-:!0"4 -
( iq)éﬁuf' /4_ )7 bt J
o ,40 e
Zhen I =" bt

A[o:zss):_la'b ANCE
— LO0FBErE = F’/;Ziéx/d“q/(zé)
= = ?f’??ﬂx_c.#f

47. Paint from cave drawings in France indicate a carbon 14 level 15% of that found in the
atmosphere. Determine the approximate age of the drawings.

DS Ae = Ao e At Mg_.\(‘o,;r): —.b.'(: .,alv\(c)

—~ 189012 = — (1216 xi6”T )(£)
“=/5¢0/ A
48. The amount of a certain chemical, A, that will dissolve in solution varies exponentiaily with

the Celsius temperature, T, according to the equation A =10 ¢®°'" . Determine the temperature
that allows 15 grams of chemical to dissolve.

A__ \oeCiO’T
0,07

/5 =/0<
(1 §) = Cor01)(T)Anle)
o0/
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49. Newton's law of cooling describes the cooling or heating of an object by a fluid (liquid or
gas). The temperature variation with time is given by the equation T (t)=T, + Ae™™ , where A
is a constant equal to 100, k is a constant equal tc 0.1, t is the time in minutes and T, is the
surrounding fluid temperature. Determine the time it will take a cup of hot coffee to cool to 30°
Cin a room at 20° C. ‘ :

-_'_ . : At Af—]OO

/(75_)3 70 -~ 4 E =]
- ~0,it E 7T=30C
TO = 20 +/00 € s

O = /0 e"o’,f S
l(O) = ~0, t ()= 0./t
= 23 parno s

50. Plutonium 239 decays at a rate of 0.00284% per year. If the initial sample size of P-239 is
10 grams, ho  much will remain as P-239 after 20,000 years?

— (0, cooo 284}[29 000 )

———

L = Sié'é‘cj‘f‘emj

51. A strain of bacteria is reproducing continuously at a rate of 0.31% per minute. A culture
with 1000 organisms will double in size in what amount of time? .

A= Pe*—h;b

. . fiC{-
2600 = (/1000) efco oozi )

Az} = 0,0031E LL(=)
= = 2.2;3,2, u«p.'m

52. The Richter scale is used to measure the intensity of earthquakes and is given by the formula
R =0.667(log E - 4.4) where E is the energy released in an earthquake in joules. The San
Francisco earthquake of 1906 registered 8.2 on the Richter scale and one in 1989 measured 7.1.
What is the percentage of energy released in the 1989 earthquake compared to one in 19067

A= Obe '7_(@;; £~44)

8. 2= 0667 log £ - ©.¢67)(44)
(16 2 = 4,993 x/0"° .

7./ = 0¢66‘7~4fo§ £~ (0,667 Y494
1985 4= = £,/09 %70 7%

— = A/U?l)fforr -— ...._..._/'/0; -= @1.022 212%
7 £ s 7, 77570 ¢ 4993
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53. The decibel level of sound from a stereo set decreases with distance according to relationship
D = 10log (320x 107)
B
Determine the decibel rating at 5, 10 and 15 feet. Express the relationship in the formD=a+b

log 1.
b = /0 fog(f}?_) = (o[[e%/.\ ~ log paj
Ob = JO[%SAﬂZbarj
D(O = O (.D% (32‘0&!0“)__ 2.6 wa -
Db = C?(,OT_Z@(pOr

54, A plot ofland is a 270 degree sector with a 10 foot radius. Determine the area..

A= Cocr)= &c°
=z z

gec[prtss S \r-aaila./u.s

T 270 = T
{820

A = (472)(10%) - 235¢ 7d,£2°
Z .

55. A curve along a highway is a circular arc 50 m long with a radius of curvature of 250 m.
How many degrees does the highway change its direction along the arc?

52)”1 SO0 = rr e
‘3 8 = __S:.C_) = 0,2 vadjans
o Z o

Z50

- (1g)er)e
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56. Find the area of the sector inside the square ABCD.

c
= ec®
=
Coad M = D _ o, ¢
A
K = &4
’
y @: eoc
@ :I xéo Ll (104‘7 ."’Ada
{80 :
. 2 ' ,
A = Cluﬂ“!“l)cio~ )_ﬁ___ F2,36m>
p, .

57. The angle of elevation to the top of a flagpole is 40 degrees from a pomt 30m from the base
of the pole. What is the height of the pole?

tou 90° = =
=

W

Z = 30 fam <0
2= 257 m

T

58. A kite string forms an angle of 42 degrees with the ground when the entire 800 feet of string
is used. What is the kite's elevation?

—r——

: _gﬁt'.?
Z = o0 s/a 2

2 = ;5”33’}3/4,4
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59.  An 80-foot pole is stabilized by guide wires which run from the top of the pole to the
ground. The wires are located 15 feet form the base of the pole. What length of wire is

required? What is the angle the wire makes with the ground?

2% = (% 8O°
J—
&o' == \/ /SE 80 = 8.4/

Po = /628’
\ o= Fan(E)= 799"

Mt {5 e (5

60. A surveyor measures the angle of clevation of 2 mowntain from point A and finds it to .be 2:.’:
degrees. The surveyor moves 1/4 mile closer to the mountain and finds the angle of elevation 13

43 degrees. What is the height of the mountain?

=l e ——,

180 ~43=737° /37,23 = /60"

AL Aew «T/ S s
0,25 _ V]
e 20° A 23

cn E
Atia 93 =

2 = (0,285C) w3
= = @f/?ru—m:
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61. A 12-foot flagpole stands at the edge of a building's roof. The angle of elev:ftion ﬁ:om. th.e |
ground 65 feet from the building to the top of the flagpole is 78 degrees. Determine the buildings
height.

' e ey

) s = 22
Flxe) =
2= 6

cos 75

Burldrasy freog bt =36l

= 3r2,6

.{é H’—y\r

62. A diagonal of a parallelogram has length of 60 inches and makes an angle of 20 degrées with
one of the sides. The side has a length of 25 inches. Determine the length of the other side of the
parallelogram. '

Dia ctme,’ bor> octs

Law of Cosenes anqle

£o® = 2(2’*52#2x23“4& B toa x
o = |FO-40 = (40"
34_;090 = 627+ B2 _50Bess 4O
B2 283 3- 257~
- 38,3 * \[

Qy
fi

3835 (ayi[(~297¢
=
ef

381’67 /a __[)’"3in

N
0

———

crmit——
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63. Determine the length of AB.

AZ= 252 3C S (2)(zn)Er) o

oz = [05°

AZ=ge(rizay + 417 7

2% o

and B located on the shoreline.

64. A surveyor is determining the distance between two points A
o be 180 m and BC to be 120

‘The surveyor is located at point C and measures the distance AC t
m. The angle at C is 56 degrees. Find the distance AB.

B

A
| / Léw “4’ Cosracs
(7/0%
i | |

/0(5 = ls”o.fm
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65. Two guide wires are attached to the top of a pole and are anchored into the ground on
opposite sides of the pole at points A and B. The ground is the same elevation relative to the
pole in all directions. The distance AB is 40 m and the angles of elevation at A and B are 70 and
55 degrees respectively, - Determine the guy wire lengths.

Lo oA e

X 40 . x
A §O° A 55
X = F2:77 M
l70,° .
' C ' A2 SO° Atin- 7O
a' = Fe/

67. An airplane is flying in a straight line and at constant elevation towards an airfield. A? a
given instant the angle of depression between the plane and airfield is 32 degrees. After flying
two miles, the angle of depression is 74 degrees. What is the distance between the plane and j:he

airfield at the second point?

A /,ﬁ AY r\z/—Q)’\

i

2»‘-«._1
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68. In the figure below, points A and B are on. the same side of the river where the distance AB

is 600 feet. Detem:ﬁne the g!istance CD on the opposite side of the river.

D
2o
e L DA
A 20. RN 4OQ
DB = wzze’
aD /22 cD= 972"

AN ?0“ AN -SDO

69. Wiite the following decimal numbers in powers of ten notation.

a) 1990  b) 2222  ¢) 0191

e) ¢ (gxr0t) +Cox 10)

- Q

1tt0,, = Cfmog)+(?><fo
(oo + T0O = TO

z) +(2x10°j + CZ?‘-“)_(_) +(2x!0“21)

22,22,, = (z;qo
. 2 S0 2

2-0 zZ

o ¥ = ((xfo"’) + (?x10”2)+(\xiq“3)+(\>c\o""")

Ol 009 ©:06 | o000}
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70. Write the following binary numbers in powers of two notation.

a) 11001 b) 100100111 c) 0.11101

/I oor = (rxz")+C(x23)+(ox2"’)+(0x'z’)+Clxa")

700100 j// :(‘/xzQJ_}L(OXZ’S’);.(oxz")J—(ixzf)+(0xz4)

+(0x23)+0xz?-)+0x2')+Cl’<2°)
ol 1o/ = (Ox 2°) 4+ ((x2 )-r({xz “)Y eCixz 3)1-((%2 )
*‘CtxZ )

71. Convert the following decimal numbers to their binary equivalent.

a) 296 b) 16941  ¢) 3.1416  d) 0.1110

a) (1x28) + (o xat) +(0r25) +((x25) 4 Coxz?) +szi)+(oxaz)
2t + o +~ O 322 4+.0 +~ 8 4 o
4+ (ox2!') +(ox2%) '

+ o O

-

- 1010 | 0o0, = 29060

b) (;xz,“*)—f» (0x2") ¢ (or2'?) +~(0x2") +(ox2'"®) +(1x2?) +(0 x2 €)
1384 + o - O +~ o +~ O +5‘|zz+—c3 '

+ (ox2™) t(0x2¢€) + C(x2T) t(ox2%) +((x23) +(1x27?) +(ox2")
+ o = o + 32 + © + @ 4

[}

-‘;_072 )- = 10000/000/0/{0/ /6?4/

+ O

<) (ix 2')+ C\ ®2)+(@x27 )+ (0x 772) « ( x2"3) < Coxz ~F)
- + O +~ 0O = ol2Y + o
+(0><Z 5) & sz ~) ¢ orz™?) +(0xz“g)f_f~Co»<2."9) + (tx2™')

+ ©  6.015¢27 + o < o
(f. 00l o0y (boo/

+ 0 + o.000%W%

y—

= E 46,

f
d) Coxz® )+ (0x2™") « Coxp™ Z‘)+ (onz__")+ ez ™y Cix2™s) « C(x2™®)
O -~ o + O O 0062y 9 @,0BI27 + O, 0ISLLS
+x27") t (ox2°8) +(oxz- ‘?) +(Ax2"

'°)"E‘Ctnz”")
+~ O +~ 0O - D 1“0!000‘?‘7\""016‘0’0498 =

6000 00z = O (110




72. Convert the following binary mumbers to their decimal equivalent.

a) 101.101  b) 10001001 ¢) 0.1110
-~ - ~3
«) dxzzj+(0x1‘)+QU~2.°)+CU~2 "Yeloxz®)+ (Ix2 )
4 r O + + o5 + O oIzt
101,101, = §1620,

b) (1x27)+ (0x2) +(ox2%)+(0x24) +C\xz'5)+(oxa"‘)+(o)<2')
28 + o & o + 0 -8 ~+~0 + O

+ (i 2°%)

+

<) Con°)+Cle“')+((s<2.“a)--r-C(xZ“;,)‘F(DrZ“q)
O + 0§ t+ 0,27 & o2y + O

tooor0o0(, =/37,

o 1oy = 0,87,

73. Convert the following decimal numbers to their octal and hexadecimal equivalents.

a) 19 b) 2015 c) 9220  d) 0.824
Qonvert fo binary ; Thea form aPP@prféfc qTovPS
2) 19,
[T = 234 = (3,

i

/00 (],

5 (1xz') #(1x27) #(1x28)#(1x27) # (1x24) + Cox27) +(1x2%)
+ (\x23)4 Clx2e)+ Cix2’) + (ix2®

20/S, = /1 1107 11¢ly -
@Cé-/ /I[c,xfc/fc;m«_;a/

e o or // o O 211

<7 37 7D F

A-32



@) (1x2*f) + Cox2")+((x29) + (1x2%) + (\x2%) + Cox2)+(or20)
+ (o) +(ox27 %) + (x2%) *(txz™)

?ZJZO’D = Jor//f 00,06 r/

Océ»/ l/‘(exé,;/ecwu«_a /

[ Ol t00. ol (o Lo 10O« O/

d) (ox22)+(x27) + (1x272) +(oxz D+ (1x27%) r(ox2D
+ CO‘i‘Z.qé_) + (I )‘lﬂj?)-)- C@FZ‘“‘Q) + (7 KZ._Q’)

S 01824 = ©101606/0(5

(Dc,{?v/ ,b(‘é')(éz/eau*—& /
OO0, (1O 106 10/ OO0 O] COIO (000
O, & 4 5 0, P 2 08

74. Convert the following binary numbers into their hexadecimal equivalent,

a) 1010101101 b) 1011.01 ¢) 0.101101

a) oool/ oflfvl orof (55,
/ 35 5

4)  cotl, or 00O Bad, .
B, <4
, 10/ 6r0Q ,

<) o / ¥ quey

o. B 9
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75. Add the following pairs of binary numbers.

a) 1001 b) 101 c) 1101 d) 10010010

101 111 10 10001110
ey /[/00/ 6) rof <) Jio/ Jd) /00loorO
/07 {11 /O [0oD /i O
(110 [ /00 (01 /0016300 ¢

76. Subtract the following pairs of binary numbers.

a) 111 b) 1001 ¢ 1111 d) 1100011

11 111 1001 1011100
a) il L) (ool <) d) \Woooil
— 11 -.,\c\ -~ (o0l - 30\t 1 OO
foo o\O tlo oooa t 1]

77. Multiply the following pairs of binary numbers.

a) 1101 b) 10000  ¢) 110 d) 110011
100 10110 11 100101
@) /:“% b) 1©ooo ) o
cogo \O‘(ﬁ_C__D_‘ ¢
0Qoo OO0 OO e
bt & |60 G O 1 (O
Lot ol 1000 O (oot O
0000 O
oo L
ol OO0 @ O
d) Hoo il
{oof(O(
V(oo | |
Qo000 O
(oo} ¢
D000 0O
da0o0 o
i oot |
lfrooo vt ||
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