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FE2312 [Type here] Economics & Accounting for Engineers

Question 01.

hl. Briefly describe T-accounts and Trial balance in accounting (06 marks)
. Explain Assets, Liabilities and Owner’s equity of a balance sheet (03marks)
Iﬁl. State under which area you update the below transactions.

Cash: $10,000

Accounts Receivable: $5,000

I[nventory: $3,000

Long-term Loans: $15,000

Accounts Payable: $2,000 (05marks)

iefly explain six (06) terms given in the list below.

e

Purchase returns and purchase discounts

IJ[. Rate of Return and Minimum Attractive Rate of Return
II.  Altemnative solutions and Opportunity cost

IV. ' Share capital and Retained earnings

V.  Revenues and Unearned revenues

YI.  Depreciation (06 marks)
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Question 02.
\ a) Define “time value of money ™ ( 05 marks)
\
b) Role of Engineering economy and accounting gives marvelous beneficiaries in engineering
project investment decision making. Give you comments positively or negatively with the
\ statement (05 marks)
¢) Explain how financial documents aid to make decisions for internal and external customers of
the business. ( 04 marks)
d)

A total of $1,250 is invested at a simple interest rate of 7% for 8 months. Calculate the interest to
be earned on this investment (03 marks)

e) ABC Bank is offering 5% interest on an account. Saman makes an initial deposit of $25,000.

Calculate the interest earned over 12 years if the bank calculates the interest using compound '
interest compounded annually. (03 marks)

uestion 03.

I

A\firm is considering an investment for which the net cash flows have been estimated as follows.

| Year 0 1 2 3 4
| NCF, |(1,950) | 625 950 965 660
| |Rs/000
\
|
uired to
a, Calculate net present value of the project for discount rates given below
‘ I 15%
Il 20% ( 08 marks)
b. State whether the project is profitable in each case (02marks)
c. Select the discount rate for your investment and explain the reason for your selection .
(04 marks)
d. Find the Internal Rate of Return (IRR) (06 marks)
stion 04.
Peﬁne the payback period of an investment (02 marks)
|
‘Exp[ain the importance of the payback period calculation of an investment. (03 marks)

BC company produces wool apparel, and the current sewing machine used by the company
is at the end of its life. As a solution management decided to purchase a new machine and
realized that several options available in the market, each of them resulting in cost savings

iven that they consume less electricity and/or require less maintenance than the current
odel used.
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| The company is going through a restructuring phase where there is not much money going

| around. Therefore, the Chief Financial Officer’s decision is to select the machine that will
| | allow the company to recover its money as quick as possible.
’ pany yasq p

| The company accounting analyst prepared the following analysis for each of the machine.

Lestion 05.

1o

i Compute the payback period of each machine

\ Machine M1 M2 M3
\ Cost and Installation ($) | 45,000 48,000 70,000
i Useful life (years) 10 12 15
| Annual depreciation ($) | 5,000 6,000 8,000
|‘ Annual cash savings (S) | 7,500 6,500 8,900
|\
Rb‘equired to,
I

| ABC Company
\ Adjusted Trial Balance
\
I‘ March 31,2023
|‘ Debit {3) Credit {$)
| Cash 11,000
\ Accounts Receivable 12,500
| Supplies 1,200
\ Prepaid Iinsurance 3,000
| Equipment 15,000
\ Accumulated Depreciation- 4,000
| Equipment
\ Accounts Payable 6,000
| Salaries and Wages payable 1,200
‘ Unearned Rent Revenue 1,100
| Owner’s Capital 16,000
| Service Revenue 34,000
| Rent Revenue 12,900
‘ Salaries and Wages Expense 16,200
Supplies Expence 1,300
Rent Expence 13,000
‘ Insurance Expense 1,500
Depreciation Expense 500
‘ 75,200 75,200
|

(09 marks)
I%I. Recommend the machine based on the CFQ’s criteria with explanation (03 marks)
IF. State one major disadvantage of payback period calculation (03 marks)

c}iusted trial balances for ABC Company at the end of its fiscal year are presented below;




|
11. Owner’s Equity Statement for the year 2023
|

Ql_sefu! formula & Data:

é{om pound interest formular,

F=P(1+i)"

\*Ihere;

Frfuture value
P-present value
i-Fnterest rate
N-period

|
CF formula for Net Present Value; NPV = Z:=o Ct/(1+i)n
here;

Ct - the net cash flow in a period

t - the period number

i — the discount rate

Discounting factors (DF) at 15% & 20% required rate of return of the project

\ Year 1 2 3 4
| DF for 15% 0.87 0.76 0.66 0.57
\ DF for 20% 0.83 0.69 0.58 0.48

(10 marks)
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|

|

&leq uired to prepare;

i. The Income Statement (10 marks)
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10 kN
3 kN/m
£ v JaVAVAVAVAVAN
Figure 1.1

Write down an equation for the bending moment (Mx) at any point x in the beam
given in Figure 1.1, using singularity functions.
(20 marks)

Solve that equation using Macaulay’s method and find the location and value of
the maximum deflection. Take EI = 2x10° kNm?

(60 marks)

If maximum allowable deflection is “span /2007, check whether the calculated

deflection can be allowed. .
(10 marks)

Write down an equation for the bending moment (Mx) at any point X in the beam
given in Figure 1.2.

O kN (10 marks)
T 3m 10 m 7 3m T
Figure 1.2
10kN
5 kN/m |
h 4
¥ (E) 4m 4y am (B) 2m 2y -

Figure 2

Use slope deflection equations to find support moments of the beam given in
Figure 2, if the middle support settles by 10 mm. Take EI = 3x10° kNm?.

(50 marks)

Verify your answers using moment distribution method.
(50 marks)
Faculty of Engineering & Technology 2
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3)

\ a) Anunsymmetrical three hinged parabolic arch is given in Figure 3.
| 20 kN/m

| i

6 m
‘I Figure 3
| i, Calculate the value of ho.

(10 marks)
|
\ ii.  Find the support reactions.

\ (10 marks)

.  Calculate the normal thrust and radial shear force at a section 2 m away from the
left support.

(30 marks)
|

A suspension bridge of span 80 m and a dip of 10 m has to be constructed over a wide
river, This bridge has two lanesiand each lane is designed for 3 kN/m. Determine

maximum tension in the cable and the diameter required for the cable if the allowable

| stress is 400 MPa.

(50 marks)
|

A hollow steel column is 4 m long and has the section given in Figure 4.1. If one end

is fixed and the other is free, calculate the Euler Buckling load. Take E = 2x10°
N/mm? for steel.

(50 marks)
\ rn‘ri("u‘(l({/,(}‘:‘,/-‘il/ gt
2 3 iz "l,
\ % z-‘;.a’ 37 ek 7
‘\ i %54 |00 mm
fl CoLs ’I
150 mm Jr‘::f(‘ﬂ e, % :
i &’ PO
", (’o’ 'y i L
Y - :-’ 7 e e,
,r?,f(‘{./az.’f ot L
«
300 mm
Figure 4.1
& (] Campus Faculty of Engineering & Technology 3
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| b) A moving load system consists of a uniformly distributed load and four concentrated
loads as given in Figure 4.2. The load system is moving from left to right. Calculate
the maximum positive shear force and maximum positive bending moment at a
section 5 m away from the left support.
(50 marks)
10E kN 105kN 2 kN/m 10kN 10kN
\d v JAYAYAATYA v
2m 2m  2m Zm T 2m
L 10m J
Figure 4.2
|
|
|
|
; ]Z? Campus Faculty of Engineering & Technology 4
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Determine the particular solution of % + 2y = 2024 using the
integrating factor, given thaty = 1011 whent =0 [15 Marks]

The displacement s of a body in a damped mechanical system, with

no external forces, satisfies the following differential equation
d*s ds
Et_z + 12 a +36s=0

If initially, when ¢ = 0, s = 2and = = =5,

Solve the differential equation for s.

[20 Marks]
Determine the particular solution of the differential equation
d?y
W—Qy = —6cos 3x
dy
Whenx =0, y=-—=
. Y= ax [40 Marks]
a) Find the domain and range of function,
z = f(x,y) = y/x? + 9y? and then sketch the graph. [15 Marks)]
4.3
b) Determine whether the limit,  lim —5—:31—; exists or not.
(x.¥)—=(0,0) X>y=+y
[10 Marks]
Find the 2024t" derivative of y = x%e** using the Leibnitz’s
[10 Marks]
theorem.
Show that the power series solution of the differential equation
d*y dy
2x—1)—=—-(2x+1)/—+2y =
(2x— 1) 75— @x+ D +2y =0
Using the Leibnitz — Maclaurin method, is given by
y=2+4x—e*
Given the boundary conditions that at x = 0,y = 1 and z—z =3. _
- Sl ¥ .o X
(Note that e* =E?f=0?17= 1+x+;+-3;+3+---) [45 Marks]

NEC CAMPUS FACULTY OF ENGINEERING & TECHNOLOGY 2
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i)  Let Z—:=y+x, y(0) =a

a) If y(0.1) = 1.4415 using the Improved Euler (Euler-Cauchy)
method with a step size of h = 0.1 then find the value of a.

[10 Marks]
b) Apply the Improved Euler method to find ¥(0.3). (Consider

the step size in a)) [20 Marks]
¢) Solve the differential equation using integrating factor
method. [10 Marks]
d) Hence, find the percentage error with Improved Euler
method for x = 0.3. [5 Marks]

Find the Laplace transform of f(t) = te?! by integration.

(L{f()} = f0°° f(t)e st dt). Show the details of your work. [15 Marks]

Solve the following shifted data IVP by the Laplace transform. Show
the details of your work.

y'+5y' +4y =3e'2, y(2)=—-2 and y'(2) =5
[30 Marks]
Tank T; in the figure initially contains 200 gal of water in which
80 Ib of salt are dissolved. Tank T, initially contains 200 gal of pure
| water. Liquid is pumped through the system as indicated, and the
|

mixtures are kept uniform by stirring. Find the amounts of salt y1(t)
| and y,(t) in T; and T,, respectively.

| 16 gal/min g
|

\ (Pure water

9 gal/min

[25 Marks]
v)  Find the real general solution and sketch or graph some of the

| trajectories in the phase plane for the following system of equation
. and determine the type of the critical point.
| ’
| Y1 ==3y1+y;

| Y2 =3y — 5y, [30 Marks]
|

\
| VI&’US FACULTY OF ENGINEERING & TECHNOLOGY
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Assume that each of your calls to a popular radio station has a
probability of 0.04 of connecting, that is, of not obtaining a busy
signal. Assume that your calls are independent.

a) What is the probability that your first call that connects is your

10% call? [6 Marks]
b) What is the probability that it requires more than three calls for

you to connect? [10 Marks]
¢) What is the mean number of calls needed to connect? [4 Marks]

Traffic flow is traditionally modeled as a Poisson distribution. A -
traffic engineer monitors the traffic flowing through an intersection :

with an average of four cars per minute. Determine the following
probabilities.

a) What is the probability that no cars pass through the intersection

within 30 seconds? [6 Marks)]
b) What is the probability that more than two cars pass through the

intersection within 2 minutes? [14 Marks]
c¢) Calculate the minimum number of cars such that the probability

of this number or fewer cars pass through the intersection [8 Marks]

within 30 seconds is at least 90%.
d) If the variance of the number of cars through the intersection

per minute is 20, is the Poisson distribution appropriate? [2 Marks]
Explain.

FACULTY OF ENGINEERING & TECHNOLOGY




|\|

iii)

00012

Resit Examination Engineering Mathematics I11
A utility company might offer electrical rates based on time-of-day
consumption to decrease the peak demand in a day. Enough customers
need to accept the plan for it to be successful. Suppose that among 50
major customers, 14 would accept the plan. The company selects 10

major customers randomly (without replacement) to contact and
promote the plan.

a) What is the probability that exactly two of the selected major
customers accept the plan?

b) What is the probability that at least one of the selected major [9 Marks]
customers accept the plan?
¢) Instead of 14 customers, what is the minimum number of major

customers that would need to accept the plan to meet the following
objective? The probability that at least 1 selected major customer
accepts the plan is greater than or equal to 0.95?

[8 Marks]

[8 Marks]

| kv) A company produces widgets.45% of the widgets are manufactured in
‘ |

China, 30% of the widgets are manufactured in German, and 25% of
the widgets are produced in Korea. In the sample of 10 widgets,

a) What is the probability that exactly 4,4 and 2 widgets are

manufactured in China, German and Korea, respectively?

[7 Marks]
b) What is the probability that at least one of the widgets made in [8 Marks]
China and exactly one of the widgets made in Korea?
¢) What is the conditional probability that exactly 3 of the widgets
made in China given that exactly 2 of the widgets made in [10 Marks]
German?

FACULTY OF ENGINEERING & TECHNOLOGY
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able 1 ; Form of particular integral for different functions

fype Straiphifo | cases ‘Spag’ cases

Iry as particular integral: - Try as particular integral:

v=a+bx+ext+ -
=L+Mx+Nx"+ .

- any of the coefficients

be zero)

a sine or cosine function v=Asin px+ Bcos px v.ﬁx(Asinﬁx-{-Beospx)
y=asin px+bcos px, (used when sin px and/or
a or b may be zero) cos px appears in the C.F)

v=e*(Asin2x+ Bcos2x)

s theorem:

i .

|
?la rin’s Series:

i 2 3
B FG) = FO) +xf'(©) + SO+ F @)+

orTnu for Euler-Cauchy Method:
Yp, = Yo + 1Yo

1 r
Y, =Y + Eh[yo +f(x1! ym)]
orm:

J e (r) dt.
0

FACULTY OF ENGINEERING & TECHNOLOGY 6
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LS = sL(f) — £(0)
4f”) = s°L(f) — sf(0) — £ (0).

M) L) = ") = sH©) — - = fP D).
|
‘|‘ Some Functions f(t) and Their Laplace Transforms ¥£(f)
Bl o) #(f) £ #()
|l
|‘ ' 1 1/s 7 cos w! 2
| 52 + o
B
|
| 2 . w
|‘| | 2 ! /s 8 sin w? EPr
| ]
\ 3 t* 21/5° 9 cosh at .
| 5 = 02
| 1 |
[ | n 1 {
r ! i a
‘I‘ ! 4 s B L5 5 Eye 10 sinh at ERr
|1
| [(a+1 =
l\’ 5 ta ; gt 11 e cos wit SR, el XN
I (a positive) §9*1 (s — a)2 b |
I |
l\l 6 £4t - 12 e sin ot =
| o b S
'E B (s —a)? + o?
|
| : 5
The F rr)bability Mass Function of Hypergeometric Random Variable X:
HiREE (K‘* (N —K)
1
| \ X\ n-x
. £ / s i 2
!% fx)= re x=max {0, n+K - N} tomin{K, n}
i
|
{ of N objects contains
bjects classified as successes
K objects classified as failures
dthple of size n objects is selected randomly (without replacement) from the N
‘ ; where K <N andn< N.
|
CINEC|C +J;PUS FACULTY OF ENGINEERING & TECHNOLOGY 7
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| $ is a Hypergeometric Random Variable with parameters N, K and n, then
3& 2 N-n

| BEr=EX)=np ad o =V(X)=np(1~p)(N_l)

\ \?}lhere p=K/N.
i

|

e&l Probability Mass Function of Poisson Random Variable X:
-aT x

| & e (AT

| f(x)= L

| x!

o

x=DL1L2...

|
I‘Joint Probability Mass Function of Random Variables X, X5, ..., Xj
¢h have a Multinomial Distribution:

—=——

| n! : ;
i P(Xlsz-XZ“_"'x?."--v szxk)z———l)?’ p3...pit
| | xln!...x!

l

-F:’M +X+...+x=nand py+pr+...+pr =1L
i

|
IPl_‘obability Mass Function of Negative Binomial Random Variable X:

[h o series of Bernoulli trials (independent trials with constant probability p of a suc-
tbss), the random variable X that equals the number of trials until r successes occur is a
ﬁgative binomial random variable with parameters0< p<landr=1,2,3,...,and

B e
f(x)=(x :](l—p)“p' x=r.r+Lr+2...
‘ 15|

|
I )%I i? a negative binomial random variable with parameters p and r,
e
qE(X)zr/p and (52zV(X)::r(l~--p)/p2
nin

|
Ty Frobability Mass Function of Geometric Random Variable X:

rl(.:c)z(l—p)x_lp x=12 ..

)

|
If X| js a Geometric Random Variable with parameters p,

EX)stp md 0 =v(X)=(1-p)/s’

|

| \
CW\T b qAMPUS FACULTY OF ENGINEERING & TECHNOLOGY 8
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3*5 Re-sit Ex;amination Electricity 00 05 1
1

)
a) Use the Thevenin’'s Theorem to calculate the value of load resistance R. to which
|

| maximum power may be transferred from the circuit shown in Figure 01. Also determine
| the value of maximum power transferred.

|

‘ 400 60 Q A
| ——) AW—
|

| L 120v §zoo %RL

‘ Figure 01

‘ (10 Marks)

) \ Using Millman’s theorem, find the current flowing through the load resistance RL in the
circuit of Figure 02

[
\ §1on 50 §zog ;150

|
8
<

‘ T10V 20V TS5V

\ Figure 02
(5 Marks)
|

Lampus Faculty of Engineering & Technology Page 2 of 8
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Ve ()
S o
_1/“ | | i (t)
- 1
C =100 yF
— E=10V §
R=1kQ
Figure 03

Write the differential equation to find the current through the circuit after closing the

switch S1 (you may use the current i(t) as the variable)
(5 Marks)

Write the characteristic equation for current through a capacitor.
(5 Marks)

CEmpus Faculty of Engineering & Technology Page 3 of 8
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Re-sit Examination | Electricity 0005 ]_

fetermine the governing differential equation for the following circuit in Figure 04. Express
!(‘ e answer in standard form and determine the capacitor value when the circuit has a
critical damping response.

H{ZO 400 4H
N

| 04

4_@ V@ T

‘ Figure 04
‘ (5 Marks).

a) r{the circuit of Figure 05, it is given that L=10mH, C=3pF, and R=400Q
R

| MW

L

| - |

‘ Figure 05 .

CINEC C#w us Faculty of Engineering & Technology Page 4 of 8
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b Re-sit Examina{ic;n Electricity 0005 l

The current and voltage of the capacitor, as measured with a multi-meter at AC setting,
read 10mA and 5V respectively. Calculate the current through the R and L

(6 Marks)
Calculate the supply voltage, and express it in the time domain (in the form

Vms=Vpsin ((J.)ti a))

(2 Marks)
Calculate the active power, reactive power, apparent power, and power factor for the
given circuit.
(4 Marks)
For the circuit in Figure 05, Calculate the resonance frequency.
(7Marks)

o

\ capacitor of 50uF is connected in parallel with a coil that has a resistance of 20Q and an
inductance of 0.05H. if this parallel combination is connected across 200V, 50Hz supply,

as shown in Figure 06.

Figure 06

Draw the phasor diagram.
Calculate the line current. (line current must be calculated using a phasor diagram.)

(6 Marks)

A coil of resistance 15Q and inductance 0.5H is connected to a 250V, 50Hz supply.
Calculate the capacitance of the capacitor to be connected in parallel with the coil as shown
in Figure 07 so that the overall power factor is unity. Also, find the supply current also. (The

capacitor value and supply current must be calculated using a phasor diagram.)

ampus Faculty of Engineering & Technology Page 5 of 8




Re-sit Examination Electn'citv- 0005 l

250V, 50 H,
Figure 07
(5 Marks).
Draw a sketch of a simple bridge wave rectifier circuit.

| (2 Mark)

i‘ Sketch the waveform of the output voltage.

| (2 Mark)

|

| Explain the behavior of the circuit after connecting a smoothing capacitor.

(4 Marks)
J?\ moving coil ammeter has 200uA (meter current), A movement with an internal resistance

r#f 500Q. It is to be converted to, .
E A milliammeter with a range of 10mA (full-scale current) and

’ An ammeter with a range of 5A (full-scale current), by the use of a shunt. Calculate the
| value of the shunt required in each case.

\ (5 Marks)

. State coulomb’s law of electrostatics.

(2 Mark)
. Calculate the force on a unit positive charge at P as shown in Figure 8 on X axis whose
k‘ coordinates are (x=2m, y=0) due to the following two charges.
i
'1 2m
| 8 »P
‘I L
t Figure 8
r'ld‘)us Faculty of Engineering & Technology

Page 6 of 8
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Electricity OOO 5 l

(Assume air as the medium, — =9 *10%)
4mEQ

A positive charge of 10-9C, situated in air the origin (x=0, y=0)
A negative charge of -2 x 10-9C, situated on X axis (x=1m, y=0)

(4 Marks)
List the types of MCB.
(1 Mark)
List the components of the MCB.
(1 Mark)
For what purpose MCB is used?
(1 Mark)

State Faraday's law of electromagnetic induction

(1 Mark)
A coil of 100 turns is linked by a magnetic flux of 20mWhb. If this magnetic flux is

reversed in a time of 2ms. Calculate the average e.m.f induced in the coil.
(2 Marks)

Explain Biot-Savart law.

(5 Marks)

With its help derive an expression for the magnetic field at the center of a current-
'\i carrying circular loop.

(5 Marks)
|‘| Determine the magnetic field at the centre of a circular coil of radius R, number of turns

‘|‘N, and current | use the above expression (i)

(2 Marks)
‘|‘Compute the ,magnitude of the magnetic field of a long, straight wire carrying a current

'lpf 1A at distance of 1m from it. po = 4m x 10-7

(3 Marks)
[
|

Faculty of Engineering & Technology Page 7 of 8
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CINEC C

| :

| £ Data Sheet
| 1
| Vc(t)=EIIC(t)dt

| i@ =E —
| dt

| dIL

| vV (t)=L.
\ L
| 1 dt

| A (8) = ZIVL(t) dt

| A T= L/R .
| ) T=RC

| V =I(Ry.+ Ry,

| § ( R )

| In =l o——) I

| R,+ R,

a'nﬁus Faculty of Engineering & Technology Page 8 of 8
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Section A

\1. Consider two bars A and B of same material tightly secured between two unyielding walls.
oefficient of thermal expansion of bar A is more than that of B. What are the stresses induced
on increasing the temperature?
a) Tension in both the materials
| 'b) Tension in material A and compression in material B
\ ¢) Compression in material A and tension in material B
‘ d) Compression in both the materials

|
\
2{ Most engineering metals can deform at a much lower yield strength than the theoretical yield
s‘rength because

l\ (a) Vacancies in polycrystalline materials will cluster together under the applied stress
| | causing the materials to yield.

(b) All engineering materials possess a granular structure allowing the grains to slide past

| one another.
|

‘(c) All engineering materials usually contain dislocations which are mobile under applied
stresses.

d) The Young's modulus of engineering metals is much lower than that of ideal materials.

We) The number of dislocations in engineering materials is very small.

|

hich of the following statement is true?

) The electrical conductivity is directly proportional to both the number of free electrons
and the electron mobility.

) Theelectrical conductivity is inversely proportional to both the number of free electrons
and the electron mobility.

c)  The electrical conductivity is directly proportional to the number of free electrons but
5 inversely proportional to the electron mobility.

|

|

The electrical conductivity is inversely proportional to the number of free electrons but
directly proportional to the electron mobility

lich of the following is true about ductile to brittle transition (DBT) temperature?
h) DBT temperature is not an imported consideration in materials selection for
components that operate in low temperature environments.

)| In BCC metals like steel, a slow (gradual) change in behavior is observed over anarrow
¢ of temperature.
)

4)| Above DBT temperature, a metal will absorb high amount of energy before fracturing.
+) Below DBT temperature, a metal will fail is a ductile manner

— . os




CE-1313 2024 Final Resit Examination

-Which of the following is true regarding n-type extrinsic semi-conductors?
(a) There is an equal number of electrons and holes.
' (b) There is a donor energy level just below the conduction band.
\ (c) n type extrinsic semiconductors generally have a lower conductivity than intrinsic
semiconductors since they only have one type of charge carrier.
(d) n-type extrinsic semiconductors are doped with atoms with a valency of 3.

e

|
|
|
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Section B

Question 01

excess of 825MPa and ductility of at least 12%
8.9 mm. explain how this process may be accomplished

70 T
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|
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Tensile

Final Resit Examination

A cylindrical rod of 1040 steel originally 11.4mm in diameter is to be cold worked by drawing, the
circular cross section will be maintained during the deformation. A cold —worked tensile strength in
EL are desired. Furthermore, the final diameter must be

t cold work

@
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uestion 02

atlures of material can be defined as an undesirable event occurs which lead to economic loss,

oss of human lives and loss of time. Therefore it is essential to avoid the occurrence of failures
i‘ engineering products.

I
\

|

a. Determine the “constant representing the structural detail” and the “Slope coefficient
of mean test result line” by using the data given below with reference to the given

\ graph

PP {(10°, 6), (10°, 5)}

| PMMA {(10°, 14), (105, 11)}

b. Determine the endurance limit for above two

g
w
gL
'I__‘.
<
& &
a
g @
:J‘.:

A0
=
3

ﬁ -

g’ in? 13 10® i’

Cycles to Failure

)| Assume you have entitled to engineering research team which finds the “root cause for
recently failed bridge. Major concern is to determine whether the failure happened due to
using of poor quality materials or due to failure of construction”. Comment on the way you
propose to compare these two assumptions and how to evaluate the obtained results?
) | Recommend two methods to enhance the lifetime of a material against rupture failure.
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Question 03

A steel alloy specimen having a rectangular cross section of dimensions 19mm * 3.2mm has
the stress-strain behavior as shown in below graph. If the specimen subjects to a tensile force
of 110,000 N

4 300
2000 b [

a

47

ey

Stresa L0 pa

GO0 OO0 QOI0  pois

Siraem
7 | TS b SR RSy o8 i 7 i i 4
G000 0020 G040 0.060 0.0
Slraip

a) Determine the elastic and plastic strain values

b) If the original length is 610mm, what will be its final length after above load is
applied and then released?

¢) Briefly explain the term “Poison’s ratio™

d) A cylindrical steel bar using for concrete subjects to tensile stress along the long axis
which is having the diameter of 12 mm. Determine the magnitude of the load
required to produce 3 *10~ mm change in the diameter if the deformation is entirely
elastic. Poisson’s ratio is 0.4 and modulus of elasticity of steel is 69 GPa

Question 04

Mechanical properties of a materials may play a vital role in deciding the accurate engineering
applieation of those materials. Based on the mechanical properties materials are categorizing
in to various sections. Based on the mechanical properties of materials answer the below given
questions.

a) Briefly describe the strength of a brittle material with the aid of a diagram

b) Briefly describe the term work hardening

c) Briefly describe the toughness of a ductile material and name the test which uses to
measure the toughness.




00025

(QE-1313 2024 Final Resit Examination

d) Assume that following observations received from bending test of material.

Breaking load =160 N
Distance between the knife edges where sample supported =4 0mm
Average specimen breadth =20mm
Average specimen depth =10mm

Calculate the tensile strength of the material

e) Tensile stress is to be applied along the long axis of cylindrical brass rod that has a
diameter of 20mm. Determine the magnitude of the load required to produce a 4.0 *
107(-3)mm change in diameter if the deformation is entirely elastic. Poisson’s ratio for
brass 0.34, modulus of elasticity 97GPa.

Puestion 05

pnnealing is a critical process in the manufacturing of various products, including metal
¢omponents, wires, sheets, and other materials where specific mechanical, thermal, or electrical
roperties are required. It helps optimize the microstructure of the material for its intended
dpplications.

‘ a) Briefly describe 3 stages annealing process.

b) Mention 5 aims of using annealing as a metal fabrication technique.

c) What is the magnitude of the maximum stress that exists at the tip of an internal
crack having the curvature of 2.3 * 10 mm and a crack length of 4.6 * 10 mm
when a tensile stress of 280MPa is applied?
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(b)

(a)

i1
.8

3

1.

11

Define power factor of a load.

What is the meaning of lagging power factor and leading power factor?

00069

(1 marks)
(2 marks)

What techniques can be used to improve power factor in the power system? (2 marks)

Discuss Benefits of power factor correction.

(3 marks)

Proof that an equation for capacitor which is used in power factor (3 marks)

correction. (Relevant sketches also can be use)
State Energy Audit process.

Discuss the role of Energy audit services.

(2 marks)
(3 marks)

A synchronous motor improves the power factor of a load of 250kW from

0.7 lagging to 0.95 lagging. Simultaneously the motor carries a load of

60kW.

Find the leading kVar taken by the motor, kVA rating of the motor, and

power factor at which the motor operates.

Instead of a synchronous motor, find the capacitance that can improve the

power factor from 0.7 lagging to 0.95 lagging.

What is the importance of protection of electrical wiring?
List suitable electrical protection device that can be used for.
i Over current
ii. Short circuit
iii. Earth leakage
iv. Surge

State the difference between ring and radial circuit.

Draw Single phase consumer connection diagram.

List important factors to be consider when energy generation planning?

(5 marks)

(1 marks)
(2 marks)

(2 marks)

(3 marks)

(2 marks)




(d)

00069

What are the cons of variable load in power system? (2 marks)

Study the power system shown in Figure 2.1. The rated power output of (8 marks)
each generator is 120MW. Power ratings of L1, L2, L3 and L4 loads are
80MW, 100MW, 150MW and 120MW respectively. Daily power
consumption profile of the three loads is given in the Table 2.1. Draw
the daily load curve and the daily load duration curve for the given power
system. Find following values for the power plant.
i.  Installed/plant capacity
ii.  Connected load
iii.  Peak demand
iv.  Average load
v.  Reserve capacity
vi.  Demand factor
vii.  Load factor

viii. Utilization factor

o
o
B
o

Figure 2.1: Power System
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Table 2.1: Daily power consumption profile
|

‘ 24.00-|03.00-| 06.00-| 09.00-(12.00-/15.00- 18.00-| 21.00-
[ 03.00| 06.00]| 09.00( 12.00 | 15.00{18.00| 21.00| 24.00
\
I‘ L1 ]| 35| 40 | 50 | 65 | 55 | 70:] 80 | 45
\ 2 | 45 | 55 { 65 [ 75 | 60| 75 | 90 | 60
\ 3 ] 160~| Z0::{ “7#5-100="BB>|-95 | 135, 115
| 4| 50 | 60 | 100 {.60 40 | 20| .10 | 25
|
|
|

D%ﬂ (a) What are the types of construction for transformer core? (2 marks)
|
[
\
I‘ (b)  List the losses associate with the transformer. (3 marks)
| o
\ (c¢) 1. Draw the phasor diagram of a transformer. (3 marks)
[

Hint: =V + R I Cos6 + X I Sind
a s eq's eqs
2. Draw the equivalent circuit of the transformer and hence obtain the (5 marks)

\ referred to primary circuit with usual notations.
|
|
\ (d) Solve for the current, load voltage and load power in the circuit shown in figure (7 marks)

\ 3.1 using per unit analysis with an Sg of 200 MVA, and voltage bases of 8 kV,
| 80 kV and 16 kV, respectively.

Honm 24 obre siohm
f E ! !

| 25 \Eﬁj 5 Lagj mg -
Il | EO W -

\ Figure 3.1: Power system circuit

10

Ta) 1. Briefly explain the laws associate with the DC motor operation.

(2 marks)
List main components of DC machine. (3 marks)
)}wb) 1. Explain the Open Circuit Characteristic (OCC) for DC machine with (4 marks)
| essential sketches.

What is the meaning of armature reaction?

(1 marks)
(*:) 1. Define the DC generator and list the types of it.

(2 marks)




(b)
(c)
(d)

2. Sketch the power flow diagram of DC Generator.

1.  What are the characteristics of separately excited dc generators?

2. Draw the performance graph of separately excited dc generators.

1.  State the difference between synchronous motor and induction motor.
2.

What is the meaning of excitation in synchronous motor?
In brief describe about the losses involve with synchronous motor.
Explain about rotating magnetic field of induction motor.

Write a short note about wound rotor induction motor and squirrel cage
induction motor.

End of paper

00058

(2 marks)
(3 marks)
(3 marks)

(3 marks)
(3 marks)
(3 marks)
(5 marks)
(6 marks)
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(a)

(b)

(c)

(d)

K}

Define power factor of a load.

What is the meaning of lagging power factor and leading power factor?

00029

(1 marks)
(2 marks)

What techniques can be used to improve power factor in the power system? (2 marks)

Discuss Benefits of power factor correction.

(3 marks)

Proof that an equation for capacitor which is used in power factor (3 marks)

correction. (Relevant sketches also can be use)
State Energy Audit process.

Discuss the role of Energy audit services.

(2 marks)
(3 marks) .

A synchronous motor improves the power factor of a load of 250kW from

0.7 lagging to 0.95 lagging. Simultaneously the motor carries a load of

60kW.

Find the leading kVar taken by the motor, kVA rating of the motor, and

power factor at which the motor operates.

Instead of a synchronous motor, find the capacitance that can improve the

power factor from 0.7 lagging to 0.95 lagging.

What is the importance of protection of electrical wiring?

List suitable electrical protection device that can be used for.

i. Over current
ii. Short circuit
iii. Earth leakage
iv. Surge

State the difference between ring and radial circuit.

Draw Single phase consumer connection diagram.

List important factors to be consider when energy generation planning?

(5 marks)

(1 marks)
(2 marks)

(2 marks)

(3 marks)

(2 marks)
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|

| . What are the cons of variable load in power system? (2 marks)
\
|\ (d) Study the power system shown in Figure 2.1. The rated power output of (8 marks)
|\ each generator is 120MW. Power ratings of L1, L2, L3 and L4 loads are
|\ 80MW, 100MW, 150MW and 120MW respectively. Daily power
consumption profile of the three loads is given in the Table 2.1. Draw
the daily load curve and the daily load duration curve for the given power
system. Find following values for the power plant.
i.  Installed/plant capacity
ii.  Connected load
( ‘ \ iii.  Peak demand
\ iv.  Average load

| v.  Reserve capacity
\ vi.  Demand factor
‘\ vii.  Load factor

\ viii. Utilization factor

\ Figure 2.1: Power System




(b)

(©)

(d)

(a)

(b)

(c)

Table 2.1: Daily power consumption profile

24.00- 03.00-| 06.00-| 09.00-{12.00-/15.00-| 18.00-| 21.00-
03.00| 06.00| 09.00 | 12.00 | 15.00| 18.00| 21.00 | 24.00
L1 135|140 | b0 65 1 55 | 70| 80 | 45
L2 |45 ] 55 | 65 ] 75 160 | 75 | 20 | 60
I3 | 60 | 70 | 251 100°1 80 | 95 1 1351 115
L4 | 50 | 60 | 100| 60 | 40 { 20 | 10 | 25

What are the types of construction for transformer core?
List the losses associate with the transformer.

1. Draw the phasor diagram of a transformer.
Hint: = V + R I Cos6 + X I Sin®
a s eq s eqs
2. Draw the equivalent circuit of the transformer and hence obtain the

referred to primary circuit with usual notations.

Solve for the current, load voltage and load power in the circuit shown in figure
3.1 using per unit analysis with an Sg 0f 200 MV A, and voltage bases of 8 kV,
80 kV and 16 kV, respectively.

fonm 24 oy term

5 W W 1
ol n -

10 51

Figure 3.1: Power system circuit

Briefly explain the laws associate with the DC motor operation.

2.  List main components of DC machine.

1. Explain the Open Circuit Characteristic (OCC) for DC machine with
essential sketches.

2. What is the meaning of armature reaction?

1.  Define the DC generator and list the types of it.

00029

(2 marks)
(3 marks)

(3 marks)

(5 marks)

(7 marks)

(2 marks)
(3 marks)
(4 marks)

(1 marks)
(2 marks)



2. Sketch the power flow diagram of DC Generator.
1. What are the characteristics of separately excited dc generators?

2. Draw the performance graph of separately excited dc generators.

1.  State the difference between synchronous motor and induction motor.
2. What is the meaning of excitation in synchronous motor?

In brief describe about the losses involve with synchronous motor.

Explain about rotating magnetic field of induction motor.

Write a short note about wound rotor induction motor and squirrel cage

induction motor.

End of paper

00029

(2 marks)
(3 marks)
(3 marks)

(3 marks)
(3 marks)
(3 marks)
(5 marks)
(6 marks)
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Let f(x,v,2z) =xy?+z® . Find the magnitude of the greatest rate of

change of f at (1,—2, 3). (15 Mark
Consider the vector field G = y2z%i + 2axyz3j + bxy*z*k

a) Compute the values of ‘a’ and ‘b’ if G is irrotational (15 Mark
b) Hence, find the divergence of G in general terms and at (0,-1,1). (5 Marks

Given the surface z = f(x,y) = 2x% — 3x%y — 12x% — 3y?

a) Find f,(x,¥), f,(x.¥), fix®¥), fry(x¥), fry(x,y¥) and frx(x,¥) (10 Marl
b) Find and classify the stationary points of f (2iMarL

A company is designing a container with an open top is to have 500 cubic
meters capacity. The company wants to minimize the material used for
constructing the container, which means minimizing the surface area. Find
the dimensions of the container (length, width, and height) that will minimize
the surface area.

(30 Marl

2 2
Let a be a positive integer. If [}’ foz & % dxdydz = % then find the
value of a. (25 Mar

Find the area of the region R enclosed between the curve

y = —x2 4+ 18x — 66 and the line y = 2x — 3 using a double integral. (20 Mar

Integrate the function z = x2y over the triangle with vertices at (0,0), (2,3)
and (5,0).

(25 Ma

G\]NEC CAMPUS FACULTY OF ENGINEERING & TECHNOLOGY 2
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a_x ox Ox

du ov ow

jarn o o o
u, v, w/ lau av ow
dz % dz

du dv Jw

If x=uvw, x+y=v? and x +2z =w? (30 Mark

i) = Consider the vector field F = 3x2yz?i + x32%j + 2x3yzk
b ]

Let C; and C; be the curves from 0 = (0,0,0) to A = (1,1,3) given by

Ci: x=t, y=t,
Gt x=F, ys=ith

a) Find fcl F.dr and fcz F.dr

z=3t (0t<1])
z=3t (0<t<1)

(30 Mark:

b) Find fﬁc F.dr where C is the closed path along C; from O to A and (5 Marks
back along C, from A to 0.

¢) Determine whether or not F is a conservative vector field by (15 Marks
evaluating curl F.

d) Find a scalar field ¢ such that grad ¢ = F . Hence, show that

f F.dr = ¢(1,1,3) — ¢(0,0,0) (10 Marks
Gy

bero={)" TiSi)  fe+rm=5@

a) Sketch a graph of f(t) inthe interval -t <t <m (5 Marks’
b) Find the Fourier series representation of f(t)

(30 Mark:
¢) How should f(t) be defined at t = 0 in order that the Fourier series
will convergeto f(t) for—nm<t<m (5 Marks)

FACULTY OF ENGINEERING & TECHNOLOGY
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Let X be a continuous random variable with the probability density
function given by

kx* D<x<2

flx)=
0 otherwise
a) Find k (5 Marks
b) Find E(X) (10 Mark
¢) Find P(X <15|X>1) .  (Hint: P(A|B) = Pffgf’ ) (10 Mark

In a semiconductor manufacturing process, 90% of silicon wafers

produced meet quality standards. A batch of 300 wafers is randomly
selected for inspection.

a) Use the normal approximation to estimate the probability that

) (7 Mark:
exactly 290 wafers meet quality standards.

b) Find the probability that fewer than 270 wafers meet quality
standards. Gk

c) Given that the probability that at least n wafers meet quality
standards is 0.2, find the value of n. (10 Mar!

The thicknesses of twenty 1 mm metal sheets are measured. The data )
are:

1.01, 0.98, 0.97, 0.97, 1.02, 0.99, 1.01, 1.01, 0.99, 1.02,
1.01, 1.01, 1.02, 0.98, 1.02, 1.00, 0.97, 1.00, 1.03, 1.01

a) Calculate the sum of the thicknesses of the metal sheets, (5 Mark

b) Find a 95% confidence interval for the standard deviation o. (15 Mar

[I*hEC CAMPUS FACULTY OF ENGINEERING & TECHNOLOGY 2
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iv)  Two types of steel alloys are being evaluated to determine their effect
) on the tensile strength of a new bridge design. Currently, Alloy A is
| used; however, Alloy B is being considered due to its lower cost. Alloy
\ B will be adopted if it does not affect the tensile strength of the bridge.
A series of tests are conducted, and the following tensile strength
measurements (in MPa) are obtained from samples of both alloys.

Observation Alloy A Alloy B
Number
1 410 405
( 2 412 407
3 408 406
4 415 408
\ 5 409 409
6 413 404
\ 7 407 403
| 8 411 407
| 9 414 406
10 408 405
10 10
fo' — 1686813 ny — 1648390
\ i=1 i=1

~ . Assuming the populations from which the samples are drawn have equal
\ variances, is there any difference in the mean tensile strengths? Use a
\ 5% level of significance.

\ (30 Marks)

CINE(] £ AMPUS FACULTY OF ENGINEERING & TECHNOLOGY 5
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l Additional Information
artial Derivatives
\ [) = fr.rfyy e (_f:y)g
\Lector Calculus
o, (Jh I
he gradient of the scalar field 0 = f(r.y.z) is grad o = Vo = f,f, - (———- ok = —k
, oxr~ ()u— dJdz—
nsider the vector field /' = Fi + F‘g_i + Fhk. div F = ‘)i b OF; + OF;

dx E Frh
e curl of the vector field given by F = Fii + Fyj + F3k is defined as the vector field

| i j ok 8
g a 0
| F F=| — — —
. VxE Jdr Oy 0z
Fl F2 R!

(Lurler Series

2 2nt
o 88 T f(!)w-.( ”;)dt n=f12...

T/ ) sin (Q"mrt) dt n=12..
1

hese integrals give the Fourier coefficients for a function of period T" whose Fourier series is

T 2nwt . [ 2nnt .
f(l‘}= ‘2_+Z:{ﬂu('0h'( T ) -!-b"hlll( T )}

n=1

WM =

b,

e

Continuous Random Variable

l

t| X be a continuous random variable with associated pdf f(x). Then its expectation and variance
nrted by E(X) (or ;1) and V(X) (or o?) respectively are given by:

= E(X) = /"-‘: r f(x)dx

'__\___.
B —

a«rd
=X = [ - wiiente= [~ P -

o0 e <]

CAMPUS FACULTY OF ENGINEERING & TECHNOLOGY 6
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di L Estimation

ol

: _ -
|st|mate jt using the sample mean: §f = 2
n

stimate o using the sample variance:

1

) == 8 2 _ 1 2
$° = II_IZ(yi*U)":”_l{Zy‘-_;[zyl}}

al Estimation

| that if we do not know the population variance, we must use the estimate & in place of o.
% and 99% confidence intervals (for large samples) become

c a o o
F—1960—=< u<i+ 19— and F—238—= < pu<i+258-—
+ s = i< ¥~ I 5} y BT+ -
,:,.L A Z(z : j.)‘
n—-1
|, .o+ .z, is @ random sample with variance S? taken from a normal population with
i a? then a 100(1 — a)% confidence interval for o2 is
-1)s* . , — 1)8%
("2 ) <o’< (7: )S"°
\ \'0/2."—-1 X1 -a/2,n-1

/2.1 @d X7_,, 4, are the appropriate right-hand and left-hand values respectively of a
red distribution with n — 1 degrees of freedom.

?oﬁncerning Two Samples (Unknown But Equal Variances)

(X1 — X3) — (1 — pa)
St_ A s 2l

nj na

|

will fﬁb“l w Student's {-distribution with 1, + n, — 2 degrees of freedom.

(Tl] — 1)312 + (ng — I)Sg
Ny + Ny — 2

OR

CINEC CAMPUS FACULTY OF ENGINEERING & TECHNOLOGY 7
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Figure 3
Table 1: The Standard Normal Probability Integral
Z=k 0 1 2 3 1 5 6 7 8 9

0 0000 | 0040 | 0080 | 0120 | 0160 | 0199 | 0239 | 0279 | 0319 | 0359
by 0398 | 0438 | 0478 | 0517 | 0577 | 0696 | 0636 | 0675 | 0714 | 0753
k. 0793 | 0832 | 0871 | 0909 | 0948 | 0987 | 1026 | 1064 | 1103 | 1141
3 1179 | 1217 | 1255 | 1293 | 1331 | 1368 | 1406 | 1443 | 1480 | 1517
4 1555 | 1591 | 1628 | 1664 | 1700 | 1736 | 1772 | 1808 | 1844 | 1879
D 1915 | 1950 | 1985 | 2019 | 2054 | 2088 | 2123 | 2157 | 2190 | 2224
6 2257 | 2291 | 2324 | 2357 | 2380 | 2422 | 2454 | 2486 | 2517 | 2549
b | 2580 | 2611 | 2642 | 2673 | 2703 | 2734 | 2764 | 2794 | 2822 | 2852
.8 2881 | 2910 | 2939 | 2067 | 2995 | 3023 | 3051 | 3078 | 3106 | 3133
9 3159 | 3186 | 3212 | 3238 | 3264 | 3289 [ 3315 | 3340 | 3365 | 3389
1.0 3413 | 3438 | 3461 | 3485 | 3508 | 3531 | 3554 | 3577 | 3599 | 3621
3643 | 3665 | 3686 | 3T08 | 3729 | 3749 | 3770 | 3790 | 3810 | 3830
1.2 3849 | 3869 | 3888 | 3907 | 3925 | 3944 | 3962 | 3980 | 3997 | 4015
1.3 4032 | 4049 | 4066 | 4082 | 4099 | 4115 | 4131 | 4147 | 4162 | 4177
1.4 4192 | 4207 | 4222 | 4236 | 42561 | 4265 | 4279 | 4292 | 4306 | 4319
1.5 4332 | 4345 | 4357 | 4370 | 4382 | 4394 | 4406 | 4418 | 4429 | 4441
1.6 4452 | 4463 | 4474 | 4484 | 4495 | 4505 | 4515 | 4525 | 4535 | 4545

1.7 4554 | 4564 | 4573 | 4582 | 4501 | 4599 | 4608 | 4616 | 4625 | 4633 .
1.8 4641 | 4649 | 4656 | 4664 | 4671 | 4678 | 4686 | 4693 | 4699 | 4706
19 AT13 | ATIO | 4726 | 4732 | 4738 | 4744 | 4750 | 4756 | 4761 | 4767
2.0 4772 | ATTR | 4783 | 4788 | 4793 | 4798 | 4803 | 4808 | 4812 | 4817
21 4821 | 4826 | 4830 | 4834 | 4838 | 4842 | 4846 | 4850 | 4854 | 4857
2.2 4861 | 4865 | A8GR | ABT1 | AR75H | 4878 | 4881 | 48R4 | 4887 | 4890
23 4893 | 4896 | A89K | 4901 | 4904 | 4906 | 4909 | 4911 | 4913 | 4916
24 4918 | 4920 | 4922 | 4925 | 4927 | 4929 | 4931 | 4932 | 4934 | 4936
2.5 4938 | 4940 | 4941 | 4943 | 496 | 4947 | 4948 | 4949 | 49561 | 4952
2.6 4953 | 4955 | 4956 | 4957 | 4959 | 4960 | 4961 | 4962 | 4963 | 1964
20 4965 | 4966 | 4967 | 4968 | 4969 | 4970 | 4971 | 4972 | 4973 | 4974
238 4974 | 4975 | 4976 | 4977 | 4977 | 4978 | 4979 | 4979 | 4980 | 4981
2.9 4981 | 4082 | 4982 | 4983 | 49584 | 4984 | 4985 | 4985 | 4986 | 4986
3.0 3.1 3.2 3.3 34 3.5 3.6 3.7 3.8 3.9
4987 | 4990 | 4993 | 4995 | 4997 | 4998 | 4998 | 4999 | 4999 | 4999

CINEC CAMPUS FACULTY OF ENGINEERING & TECHNOLOGY 8
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able 2: Percentage Points of the Students t-distribution

]

t" ¥

( A0 25 10 05 025 .01 005 {0025 001 0005

I | 325 | 1.000 | 3.078 | 6.314 | 12.706 | 31.825 | 63.657 | 127.32 | 318.31 | 636.62
2 [ 280 | 516 | 1.886 | 2.002 | 4.303 | 6.965 | 9.025 | 14.089 | 23.326 | 31.508
3 | 279765 | 1.638 | 2.353 | 3.182 | 4.514 | 5.841 | 7.453 | 10.213 | 12.924
M) | 2780741 | 1.533 ] 2.132 | 2.776 | 3.747 | 4.604 | 5598 | 7.173 | 8.610
6 | 268 .727 | 1.476 | 2.015 | 2.571 | 3.365 | 4.032 4.773 | 5.893 | 6.869

6| | 268 718 [ 1.440 | 1.943 | 2447 | 3.143 | 3.707 | 4.317 | 5.208 | 5.959
P11 263] 711 | 1415 1.895 | 2.365 | 2.998 | 3.499 | 4.029 | 4.785 | 5.408
B | 2620 706 [ 1.397 | 1.860 | 2.306 | 2.896 | 3.355 | 3.833 | 1.501 | 5.041
APl | 268] .703 | 1.383 ] 1.833 | 2.262 | 2.821 | 3.250 | 3.690 | 4.207 | 4.781
o T 2600 5700 1372 [ 1.812 | 2228 | 2.764 | 3.169 | 3.581 | 4.144 | 4.487 |
| 260 1.363 | 1.796 | 2201 | 2718 | 3.106 | 3.497 | 4.025 | 4.437
1.356 | 1.782 | 2.179 2.681 3.055 3.428 3.930 41.318
1.350 | 1,771 | 2.160 | 2.650 | 3.012 | 3.372 | 3.852 | 1.221
1.345| 1.761 | 2.145 | 2624 | 2.977 | 3.326 | 3.787 | 4.140
1.341 | 1.753 | 2.131 | 2.602 | 2.047 | 3.28 | 3.733 | 4.073 |
1.337 | 1.746 | 2120 | 2583 | 2921 | 3.252 | 3.686 | 4.015
1.333 | 1.740 | 2.110 | 2.567 | 2.898 | 3.222 | 3.646 | 3.965
1330 [ 1.734 | 2,101 | 2552 | 2.878 | 3.197 | 3.610 | 3.922
1328 1.720 | 2.003 | 2530 | 2.861 | 3.174 | 3.579 | 3.8%3
1.325 | 1.725 | 2.086 | 2.528 | 2.845 | 3.153 | 3.552 | 3.850
1.323 | 1.721 | 2.080 | 2518 | 2.831 | 3.135 | 3.527 | 3.819
1.321 | 1.717 | 2.074 | 2.508 | 2.819 | 3.119 | 3.505 | 3.792 |
1.319 [ 1.714 [ 2069 | 2500 | 2.807 | 3.104 | 3.485 | 3.767
I3I8 [ 1.711 | 2.064 | 2492 | 2.797 | 3.001 | 3.467 | 3.745
1.316 | 1.708 | 2.060 | 2.485 | 2.787 | 3.078 | 3.450 | 3.725
1.315 | 1.700 | 2.0606 | 2.479 | 2.779 | 3.007 | 3.435 | 3.707
1.314 [ 1.703 | 2052 | 2473 | 2771 | 3.057 | 3.421 | 3.690
1313 [ 1,701 | 2.048 | 2.467 | 2.763 | 3.047 | 3.408 | 3.614 |
1.311 | 1.699 | 2045 | 2462 | 2.756 | 3.038 | 3.396 | 3.659
1.310 [ 1.697 | 2042 | 2457 | 2.750 | 3.030 | 3.385 | 3.616
1303 ] 1.684 | 2.021 | 2423 | 2.704 | 2.971 | 3.307 | 3.501
1.296 | 1.671 | 2.000 | 2.390 | - 2015 | 3.232 | 3.460
1.280 | 1.658 | 1.980 | 2.358 2.800 | 3.160 | 3.373 |
1.282 | 1.645 | 1.960 | 2.326 2.807 | 3.000 | 3.201

=
s

o e
ol
b | B
= B |
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Table 3 : Percentage Points \-, of the y° distribution
Vi,
@ |10.995]0.990]0.975]0.950 | 0.000 | 0.500 | 0.100 | 0.050 | 0.025 [ 0.010 | 0.005 |
i
1 | 0.00 | 0.00 | 0.00 | 0.00 | 0.02 | 045 | 271 | 384 | 502 | 663 | 788
2 | 001 | 002 | 005 | 001 | 021 | 139 | 461 | 509 | 738 | 921 | 1060
3 | 007 | 011 | 022 | 035 | 058 | 237 | 6.25 | 781 | 935 | 1134 | 1228
2 | 021 | 030|048 | 071 | 106 | 3.36 | 7.78 | 049 | 11.14 | 13.28 | 14.86
5 | 041 | 055 | 083 | 115 | 161 | 435 | 9.24 | 11.07 | 12.83 | 1509 | 16.75
6 | 068 | 087 | 1.24 | 164 | 220 | 535 | 10.65 | 1259 | 14.45 | 16.81 | 18.55
7 1099 | 124 | 169 | 217 | 283 | 635 | 1202 | 1407 | 1601 | 1848 | 20.28
8 | 1.34 | 165 | 218 | 273 | 349 | 734 | 13.36 | 1551 | 17.53 | 20.09 | 21.96
9 | 1.73 | 200 | 270 | 333 | 417 | 834 | 1468 | 1692 | 19.02 | 2167 | 2359
10| 216 | 256 | 325 | 304 | 487 | 934 | 15900 | 1831 | 2048 | 2321 | 2519
11 | 260 | 305 | 382 | 457 | 558 1034 | 17.28 1968 | 21.92 | 24.72 | 26.76
12 | 3.07 | 357 | 440 | 523 | 630 |11.34 | 18.55 | 21.03 | 23.34 | 26.22 | 28.30
13| 3567 | 411 | 501 | 580 | 7.04 | 1234 | 1081 | 2236 | 24.74 | 27.60 | 29.82
14 | 407 | 466 | 563 | 657 | 7.79 | 1334 | 21.06 | 2368 | 2612 | 29.14 | 31.32
15 | 460 | 523 | 6.27 | 7.26 | 855 | 1434 | 22.31 | 25.00 | 27.49 | 30.58 | 32.80
6 1514 | 581 | 691 | 706 | 031 | 1534 | 23.54 | 26.30 | 28.85 | 31.00 | 34.27
17 | 570 | 6.41 | 756 | 8.67 | 1000|1634 | 24.77 | 27.59 | 30.10 | 33.41 | 35.72
18 701 | 823 | 930 | 1087 |17.34 | 2599 | 28.87 | 3153 | 3481 | 37.16
19 | 763 | 801 |10.12| 1165|1834 | 27.20 | 30.14 | 32.85 | 36.10 | 3858
20 [ 826 | 050 | 1085|1244 | 1034 | 28.41 | 31.41 | 3417 | 37.57 | 40.00
21 | 8,03 | 8.90 |10.28 | 11.59 | 13.24 | 20.34 | 29.62 | 32.67 | 3548 | 38.93 | 4140
22 | 4 954 | 1008 | 12.34 | 1404 | 21.34 | 30.81 | 33.92 | 36.78 | 40.20 | 42.80
23 | 0 10.20 | 1160 | 13.00 | 1485 | 22.34 | 32.01 | 35.17 | 38.08 | 41.64 | 44.18
24 g 10.86 | 12.40 | 13.85 | 15.66 | 23.34 | 33.20 | 36.42 | 39.36 | 42.98 | 4556
25 1152 | 1312 | 1461 | 1647 | 24.34 | 34.28 | 37.65 | 40.65 | 44.31 | 46.93
76 | 10.16 | 1220 | 13.84 | 15.38 | 17.20 | 25.34 | 35.56 | 38.80 | 41.92 | 45.64 | 48.29
(27 | 11.81 | 12.88 | 14.57 | 16.15 | 18.11 | 26.34 | 36.74 | 40.11 | 43.19 | 46.96 | 49.65
|28 | 1d 13.57 | 15.31 | 16.93 | 18.94 [ 2734 | 37.92 | 4134 | 4446 | 48.28 | 50.99
30 | 13.12 | 14.26 | 16.05 | 17.71 [ 10.77 | 28.34 | 39.09 | 4256 | 4572 | 49.50 | 52.34
130 g_ 14.95 | 16.79 | 18.49 | 20.60 | 20.34 | 40.26 | 43.77 | 46.98 | 50.89 | 53.67 |
|40 22,16 | 24.43 | 26.51 | 29.05 | 39.34 | 51.81 | 55.76 | 50.34 | 63.69 | 66.77
150 % 39.71 | 32.36 | 34.76 | 37.69 | 49.33 | 63.17 | 67.50 | 7142 | 76.15 | 79.49
[60 | 35,53 | 37.48 | 40.48 | 43.19 | 4646 | 59.33 | 74.40 | 79.08 | 8330 | 8838 | 9195
70 | 43.28 | 45.44 | 48.76 | 51.74 | 55.33 | 69.33 | 85.53 | 00.53 | 95.02 | 100.42 [ 10422
80 | 5117 | 53.54 | 57.15 | 60.39 | 64.28 | 79.33 | 96.58 | 101.88 | 106.63 [ 112.33 | 116.32
90 50.20 | 61.75 | 65.65 | 60.13 | 7329 | 80.33 | 107.57 | 113.14 | 118.14 | 124.12 | 128.30
100 | 67,33 | 70.06 | 74.22 | 77.93 | 82.36 | 99.33 | 118.50 [ 124.34 | 129.56 | 13581 | 140.17
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|
. This guestion paper consists of seven questions in six pages.

" Answer any five questions.

| If you have answered more than five questions, either in part or in full, strike out the extra

| answers. Otherwise, only the first five answers appearing in the book will be evaluated.
| The allocated time for the paper is 3 hours.

‘. Show all stages of your work, with diagrams where appropriate.

" Drawings and sketches should be clear, neat, and in approximate proportion.
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‘Maximum marks allocated for each section of questions are shown.
'Non-programmable calculators may be used.

‘iStart your answers to each question on a new page.
Assume reasonable values for the data not given, but state the assumed values.

/Any indications of copied work will be scrutinized heavily and may even be subject to academic
‘lmisconduct
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| Question 1

a) Explain the differences between a ground survey and an aerial survey by describing the
| methods used, their applications, advantages, and disadvantages.

| b) lllustrate the differences between accuracy and precision
\

(2 marks)

(2 marks)
|‘c) A steel tape with a cross-sectional area of 0.020cm?, measured the distance of four spans

| in & traverse survey. Measurements taken for the survey conducted at a temperature of
. 25°C, are given in Table Q1.

Table Q1
|\ Span Measured length | Pull Applied | Level difference between ends
' (m) (N) (m)
’ 1 29.440 80 0
‘ 2 29.365 80 2.20
\ 3 29.652 85 0
| 4 12.140 80 3.05

ﬁnder standardized conditions of 20°C temperature and 100N pull, the tape measured
0.00m. Find the true length of the survey line.
\

| Young's modulus of steel

=0.207 x 10° N/mm?

| Coefficient of linear expansion of steel =1.15x10° m per°C

| Weight per unit length = 0.020kg/m

{The effect of temperature, sag, slope and pull on the length are (T — T.)KL, W2L3 p2
EL P,)L

2ap7 20 ANd
he respectively, in standard notation.]
\

(16 marks)
\
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t#luestion 2

eb A rectangular plot of land measures 30cm x 50cm on a map drawn to a scale of 1cm: 50m.

A new map must be drawn at a scale of 1cm:100m. What is the area of the same plot of
| land on the new map?

| (4 marks)

b) P, Q, R and S are four stations whose coordinates are as shown in Table Q2. Another

. station X is to be fixed at the intersection of the lines PR and QS. Calculate the coordinates
| of Xi

‘ Table Q2

| Station Easting (m) Northing (m)
\ P 1000.00 1000.00

| Q 1180.94 1075.18

\| R 1021.98 1215.62

| S 939.70 1102.36

(8 marks) .
|

)‘| Figure Q2 shows a survey line OABC crossing a lake, where the chainage at O and A are
| 0.00m and 560.80m, respectively. A perpendicular to line OABC is drawn from B to the

| points P and Q located on opposite sides of the lake. If the distance from P to Q is 1000m,
\| find the chainage at B.

| Figure Q2

(8 marks)
\




&)uestion 3

%) What is the purpose of a flyback when conducting a levelling survey?

00029

| (5 marks)
|
|
tq The level sheet given by Table Q3 is missing several readings.
\ Table Q3
| _BS IS FS Rise Fall RL Remarks
A X1 BMA
\, B 1.305 X2 Curb 1
c 3.980 D X3 CP1
| 1.250 1.623 X4 Lamp post
| 2.854 E 97.401 |Curb?2
I 1.533 G 98.722 | CP2
'\ 2.580 1.300 X5 Curb 3
H 1.540 1.04 X6 CP3
\, 3.060 0.945 X7 Curb 4
k I 2.475 X8 BMA
zps =7.63 SFS=X9 | YRise = X10 | SFall = 6.467
|
|
\(i) Fill in the gaps of the level sheet.
\ (12 marks)

i) Calculate and verify the obtained error using the relevant checks for the Rise and
Fall method.

(3 marks)




|
‘. Question 4

| a) How would you apply Bowditch’s correction to a traverse conducted between two stations
| whose positions are known?

(5 marks)
|

| b) The readings given by Table Q4 were obtained for a closed loop traverse run in a
\ caonstruction zone where local attraction is suspected.

‘ Table Q4
i Line Whole Circle Bearing Length (m)
| AB 0°00°00” 50.60
BC 63°49°00” 91.08
I CD 89°13'00" 67.06
| DE 160°55'00” 61.57
| EF 264°02'00" 41.15
| FA 258°18'00" 121.62

(i) Compute the interior angles at each control point.

| (5 marks)
| (ii) Adjust the traverse using Bowditch rule and calculate the bearing of each line.

| (10 marks)
Question 5

E) There are several errors that occur when conducting a traverse. What is a parallax error
and how can you avoid it when conducting a survey?
|

| (5 marks)

b) A traverse survey is conducted between two known stations P and Q, with four control

. points A, B, C, and D. The readings obtained are given in Table Q5. The coordinates of P
| are given as (87.50mN, 110.00mE) and Q as (366.83mN, 64.28mE).

‘ Table Q5

l\ Line Length (m) Whole Circle Bearing
- : .
| PA 82.56 31 25 00 N
| AB 100.72 56 18 20
| BC | 9385 08 50 00
| CD 128.14 312 33 00
| DQ | 96.20 254 06 30

I\ (i) Find the distance between the two known points P and Q.

(5 marks)
\ (ii) Calculate the coordinates of points A, B, C, and D.

(10 marks)

00029
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Question 6

'a) Explain the advantages of using tacheometry when conducting a survey.
|

| (5 marks)
|b) A survey used tacheometry to identify the distance between two points X and Y. The
instrument was leveled at a height of 1.38m at point A, which has an elevation of 45.60m.

The readings obtained are given in Table Q6 and Figure Q6 shows a plan view of the site.
\ [The muitiplying constant of the instrument is 1 00]
|

Table Q6
Instrument Stn Staff Stn Horizontal Angle | Vertical Angle | Stadia Reading (m)
A X 30° 87°38'53" 3.240, 3.047, 2.853
A ¥ 60° 92°21'36" 2.458, 2.230, 2.002
|
|
| N 4
\ X i i
|
\
|‘ 300
| o
| 60°
|
\ A
|
‘ Figure Q6
\ (i) Find the reduced level at stations X and Y
‘| (5 marks)
’ (ii) Find the horizontal distance from A to the two stations X and Y.
‘. (5 marks)

\(iii) Find the gradient of the slope from point X to Y

(5 marks)
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\
|‘Question 7

|An embankment with a constant width (b), length (L), height (H), and side slope (1: n) must
be reconstructed in an efficient manner.

\a) Derive an equation to identify the cross-sectional area (A) of the level section in filling using
| the notations given in Figure Q7-1.

b/2 \

Figure Q7 - 1

(4 marks)

) Using the cross-section method, find the existing volume of soil in the embankment

assuming b= 6m, L= 25m and n= 2 using the trapezoidal rule. The height of the
embankment (h) given by Figure Q7-2, is obtained at 5m internals.

Existing level

Formation level

| e e s Ll
|\ |
| v

hi = h2= h3= hd= h5= hé=
| 2.2m 2.5m 2.3m 2.6m 2.5m 2.1m
|
\
|
l
\ Figure Q7 - 2 .
| (10 marks)

(@]

Propose a formation level (H) to avoid the addition or removal of soil from the embankment
during reconstruction.

]

’ (6 marks)
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| 1. Open channel flow takes place

a)ln a pump

| b) On a free surface

| ¢) Within a cylindrical depth
| d) In the pipe

| 2. The viscous force the relative motion between the adjacent layers of a fluid in

| motion. Which of the following flowing fits best in the sentence?

a) never affects

| b) may effect under certain conditions
C) opposes

} d) facilitates

3. Pressure intensity or force due to pressure gradient for fluid at rest is considered
\ as which of the following kind of force?

| a) Body force

| b) Fo_rce due to motion

\ c¢) None of the mentioned
| d) Surface force

4 .Which of the following principle is used for calculating the centre of pressure?

| a) Principle of balancing of momentum
b) Principle of momentum

| ¢) Principle of conservation of energy

I d) None of the mentioned

00061
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5. Which of the following cannot be the value of absolute pressure of a fluid at any
point?

a)0

b) 1.45 bar
c)— 1bar
d) 24 bar

6. Which among the following does not depend on the friction factor?

a) Pipe diameter
b) Fluid density
¢) Viscosity

d) Weight

7.The formula for hydraulic diameter is

a) 4A/P
b) 4AP

c) 4AV

d) 4V

8.What are the reasons for minor head loses in a pipe?

a) Friction
b) Valves and bends
c) Heat

d) Temperature

9.Equal volume of two liquids of densities p1 and p2 are poured into two identical

cuboidal beakers. The hydrostatic forces on the respective vertical face of the
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beakers are F1and F2 respectively. If p1 > p2, which one will be the correct
relation between F1 and F2?

10.The discharge through a trapezoidal channel is 61 m%/s and the depth and
widths of the channel are 4m and 5m respectively. The wetted perimeter of the
channel is 13.16m, calculate the bed slope of the channel if the value of C
(Chezy coefficient) is 45.

a) 1in 1000
b) 1 in 1500
c) 1in 100
d) 1in 500

11.Which of the following is the basic principle of fluid mechanics?

a) Momentum principle
b) Energy equation .
¢) Continuity equation
d) All of the mentioned

12. What is fluid mechanics used for?

a) Fluid mechanics enables to comprehend the behaviour of solid fluids under
pressure
b) Fluid mechanics enables to comprehend the behaviour of fluids under a

variety of forces & atmospheric conditions
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c) Fluid mechanics enables to comprehend the behaviour of fluids under
various temperatures only

d) None of the mentioned
13. When is a fluid called turbulent?

a) High viscosity of fluid

b) Reynolds number is greater than 4000
c) Reynolds number is less than 4000

d) The density of the fluid is low

14. Stagnation point is the point in fluid mechanics where the velocity of the fluid
at that point is

a) unity
b) constant
c) infinite

d) zero

15. When a fluid is subjected to resistance, it undergoes a volumetric change
due to

a) Cohesion

b) Compressibility
c) Strain

d) Adhesion

16. The depth and widths of a rectangular channel section are y and B respectively,
determine the economical perimeter of the section.

00061
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a)y

b) 2y
c) 3y
d) 4y

17. A rectangular channel is having depth 2m and width 3m, bed slope of 1 in 700.

The value of manning’s roughness coefficient (n) is 0.06, estimate the
discharge through the channel.

a) 2.42m%
b) 3.42m%
c) 4.42m%
d) 5.42m3¥s

18. Estimate the discharge through a triangular channel having depth 7m and side
slope 1H:5V in which the bed slope is 1 in 1000. Manning’s coefficient = 0.03.

a) 6.07m%
b) 9.07m%
c) 8.07m¥%
d) 11.07m%

19. The base width and the depth of a trapezoidal channel is 9m and 5m
respectively. Calculate the discharge through a channel if the side slope of the
channel is 1H:4V and the bed slope is 1 in 500 (n=0.04).

a) 112.73m%
b) 110.73m3%
c) 108.73m¥%
d) 109.73m%
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| 20. A student wants to find the absolute pressure of water at a point below the

surface of water. He has a barometer and a manometer pressure gauge. The
|| barometer reads 1.3152 bar whereas the manometer pressure gauge reads
| 0.3152 bar. What is the absolute pressure? (Assume that pressure at one end
| of the manometer is atmospheric and 1bar is equal to 10° pa).

\ a) 1.6304 bar
|‘ b) 1.0000 bar
| ¢) 0.3152 bar
- ﬂ d) 1.3152 bar

u Equations

i | 2/ 1/
| V=NRh3502

‘l V= C-\thSO
- For turbulent and laminar flow in pipes
|
o o Boc® A L.p?
| . hf = o L L4

| D.2g D.2g
|‘ - Where

+  hf is head losses due to viscous friction over length L
‘I + v is mean velocity

. \| + D is diameter of pipe

\ = fis friction coefficient
| « Ais friction factor = 4f
\
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Final Exam Fluid Mechanics

Question 1

(a) Establish a relationship among absolute, gauge and atmospheric pressures
with a simple sketch.

[10%]
(b) Define the terms,

[10%]
1. The total pressure force

2. The center of pressure

(c) A differential U-tube manometer is used to measure the pressure difference
between two points in a horizontal water pipeline. If the manometer shows a

difference in the mercury level as 25 cm, find the pressure difference between

two points (assume density mercury is 13600 kg/m?3). [10%]

(d) The tank contains water and immiscible oil at 20 °C. What is h if the density of

the oil is 898 kg/m3? [10%]

Figure 1
(e) Gate AB in the given Figure 2 is 1.2 m long 0.8 m wide (into the paper).

Neglecting the atmospheric pressure effects, compute the force F on the gate
and its center of pressure position X.

[60%)]
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|

\ rip—- ém

| F y '

\

|

\

| Oil,

\ SG = 0.82
|

\

l‘ &m

|

|

|

\

|

\

| L

l\ Figure 2
|

Question 2

(a) Explain how velocity of flow at any point in a pipe or a channel can be
‘| measured, with a pitot tube. [10%]
(b) Define the following terms and mention their SI units. [15%]

1. Specific weight
|

2. Dynamic viscosity

" 3. Kinematic viscosity

((‘:) A pipeline carrying oil of specific gravity 0.8 changes in diameter from 300 mm

| at position A to 500 mm diameter at position B which is 5 m at a higher level. If
\

| the pressure at A and B are 20 N/cm? and 15 N/cm? respectively and discharge
. is 150 liters/s, determine the loss of head and direction of flow. [40%]

) A harizontal venturimeter with inlet diameter 20 cm and throat diameter 10 ¢cm
|

| is used to measure the flow of water. The pressure at the inlet is 17.658 N/cm?2
' and the vacuum pressure at the throat is 30 cm of mercury (density of mercury
\

| is 13600 km/m?3). Find the discharge of water through the venturimeter (Assume
| C4=0.98). [35%]
\

|

\

| 3

00064
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‘i Question 3

\

" (a) What are the energy losses that occur in pipes? [10%)]

| (b) Describe Hydraulic gradient and total energy lines. [10%]

\

| (¢) The discharge through a rectangular channel is 50 m%/s, find out dimensions of
\ the channel and the hydraulic radius when it is flowing under the optimum
| condition (for the best hydraulic section) and the velocity is 1 m/s. [10%]
| (d) In a 45° bend, a horizontal rectangular air duct of 1 m? cross sectional area is
| gradually reduced to 0.5 m? area. Find the magnitude and direction of the force
| required to hold the duct in position if the velocity of flow at 1 m? section is 10
| m/s and pressure is 3 N/cm?2. Take specific weight of air as 11.38 N/m3. [50%]
i (e) A pipe of diameter 30 cm and length 1000 m connects two reservoirs having

| difference of water levels as 15 m. Determine the discharge through the pipe
\ (take f=0.02 and neglect minor losses). [20%)]

| Equations

&, F il 0% A LR
Rf = ———— 59 wemm——
" f D.2g or hf D.2g
| Where

hf is head losses due to viscous friction over length L

| + vis mean velocity

| « D isdiameter of pipe Q
| + f is friction coefficient

| + Ais friction factor = 4f
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[ 2x; + 3x, -
x; + 4x

I‘c) LetS ={V,, V,, V3, V,} where

(-2 0
Bl=3|, v, =|-1
1 | 4

i)

Find a basis for S

Xy i

2 3

b) Determine whether the vectors V;=

00039

. a) Identify whether the following transformation is linear.
|

(10 Marks)

(1,4,-3), Vo= (-2,1,5) and V5= (4,7,-11) span R3?

(10 Marks)

ii) Find the dimension of the basis.

(15 Marks)

Find the limits of the following sequences and state whether they converge or diverge

\/n +1—vV8n3-3n2+42n?

1 g
\ |)n1_r’rc1>o Vnb+an® -Yn?—5ni+7
| . y,
|
\ n?+2n
| 6n+2
‘| )7},}-;00(?12+3n)
|
[
|
|\|||) limvn* —4n?2 +3 -Vn* +5n
‘ 78 >00

(25 Marks)
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b) Determine whether the following series are convergent or divergent

I) Zn 12n3+5 > using Limit comparison test

4 i
i) 2?:3:1 ne~ "™ using Integral test.

using Alternating series.

i) 2 (— 1)

(25 Marks)

ZOO (1" nleEa)™
| =l 2 (15 Marks)
|
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CE3323 Mid Exam Hydraulics

| 1. Determine the dimensions of an optimum trapezoidal section for a discharge of 40 m*/s

| with a bed slope of 1:2500 and Manning’s constant N = 1/50 and the side slope is 60°
2. 3

| for the optimum condition, (V = %RH/:’SO/Z) sl = 2D(Vn2 +1-— n). [20%]

\

2. A rectangular channel with most economical cross-section carries 8000 I/s of water with

| an average velocity of 2 m/s. If Chezy constant is 65, determine its cross-section and
\l slope (V = C/RxS,). [10%]

| 3. A vertical pipe of diameter of 30 cm carrying water is reduced to a diameter of 15
\ cm. The transition piece length is 6 m. The pressure at the bottom is 200 kPa and at the
| top it is 80 kPa. If frictional drop is 2 m of water head, determine the rate of flow.

\ [10%]
‘| 4. A tank with water level of 12 m has a pipe of 200 mm dia connected from its bottom .
| which extends over a length to a level of 2 m below the tank bottom. Calculate the

\ pressure at this point if the flow rate is 0.178 m?/s. The losses due to friction in the pipe

| length is accounted for by 4.5 V2%/2g. [10%]

| 5. A liquid of specific gravity 1.3, flows in a pipe at a rate of 800 I/s, from point 1 to point
| 2 which is 1 m above point 1. The diameters at section 1 and 2 are 0.6 m and 0.3 m

| respectively. If the pressure at section | is 10 bar, determine the pressure at section 2

| (1 bar = 10° Pa). [10%]
\

| 6. A pipe 75 mm diameter, and 33 m long is running full. Calculate the head loss along
‘| the pipe for a velocity of 2 m/s, using Darcy’s formula (f=0.011) and using Manning

2. 1

S 2hula (0=0.0113) (v = %R,/?S,/2 and h, = %‘2’—;) [10%]

‘ 7. Water flows from a reservoir 240 m above the tip of a nozzle. The velocity at the '
| nozzle outlet is 66 m/s. The flow rate is 0.13 m*/s. Calculate the loss in head due to

‘| friction. [10%]

| 8. Describe what is meant by a hydraulic jump and explain where, how and why a

| hydraulic jump forms. [5%]

| 9. A rectangular channel 10m wide forms part of a dam spillway. The discharge is 36.5
m?®/s when the depth of flow is 0.43 m. At the foot of the spillway the channel is almost

| horizontal with a hydraulic jump. Calculate the depth of the flow after the jump and the
\
| energy loss at the jump.

[10%)]
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—dz 2V22d2 dz
d = —+4 —

. _d1 2V12d1 dl
dz——2*+J( g +T

10. Explain the total energy and the specific energy of the flow in an open channel. [$%]
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;
a) Consider the following system of equations

x—=2y+3z=7
4x +5—2= =3

-2x+4y -6z =-14

) Find the ranks of the augmented matrix and coefficient matrix

i) Determine the nature of solutions for the above system.
iii) Determine the solutions if it exists.

b) Consider the following matrix:

2 2 =2
A= |1 3 -1
-1 1 1]
i) Find the characteristic polynomial of the above matrix.
ii) Find the eigenvalues of A

i) Find the corresponding eigenvectors of A.
iv) Find the normalized eigenvectors of A.
) Find eigenvalues of A%, A + 31 and 2A.

vi) Does A~ exist? Justify your answer.

CINEC CAMPUS FACULTY OF ENGINEERING & TECHNOLOGY

(15 marks)

(6 marks)

(8 marks)

(12 marks)

(10 marks)

(30 marks)

(6 marks)
(9 marks)

(4 marks)
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\
|

—

Flfind general/particular solutions for the following differential equations using a suitable
\

ﬂethod and keep your answers in the most simplified form
|
\

|| i) tht - ?:TB =5 given6 =2whent=1 (10 marks)
‘ N ~

|

|

ﬂ i) %g =2e32% givenf =0 whent=0 (15 marks)
|

| ) )

‘I iii) 2y—x ,Q =1 given y =3 whenx =2 (20 marks)

‘I ;\‘y+2x/,fdx

|

|

| e dy T (15 marks)

i) ——2(x+1)°= e d

|

2t
| | A

d .
ai—2t= (2@ +1))2 =0 given y(5) =0 (15 marks

[
\
f current i in an electric circuit containing resistance R and inductance L in series with a
dstant voltage source E is given by the differential equation ,

that the solution to the above differential equation is given by ,

| E—-L(j—i)zRi
%,

| Rt
! Eil—e‘r if t = 0 when i = 0.
l |
‘ o =4
[
|
' R L
\l Jrer=—l Y,
| .
l‘ y Vi I Vi
[ E 3
\ i
| .
| Le = o
[
\l Figure 1:R-L circuit
\
|
1
|
\
|
\| (25 marks)
'\
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|
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,! x12 |
| X1 | ‘ ‘ G - o ]
Tf ;- | = ! — ! =
x| =] 2x; | usingu= . | and v re
; ‘ x1x2 L b

L

(20 marks)

b) Find the limits of the following sequences and state whether they converge or diverge .
\

2
| #@}lim (-T2

= (12 marks)
| n—co n<+n

|

|

| . 1

| l4.. [3n+2 |7

O e St
| |

c,l‘) Determine whether the following series are convergent or divergent. .
3ne™

\ i) ano e using nth term test for divergence. (6 marks)

|1|) XL,

d)Determine the interval and radius of convergence for the following power series.

——— using alternating series test 12 k
n3+4-n 1 . » e

o3 ()M x-4)" (20 marks)
‘i 1 n.on
\
|

$)| If e @& 0 Flnd the Maclaurin series of f(x) = x%e™*. (20 marks)
| CINEC CAMPUS

FACULTY OF ENGINEERING & TECHNOLOGY B
|




L arnd B are bases for R2.

i) Find the change of basis matrix from B to A. (Po-su)

F #21 Final Examination Engineering Mathematics I1 00033

(2 [ 8] 1]
4,00 , 4
1 ‘5 a |

I L |

i) For what value of « are above vectors become linearly dependent.
(25 marks)

If @ = 2 find the basis of the above three vectors and check whether they are
orthogonal (an orthogonal basis).

i)

(15 marks)

){ V1= (1,3,-5), V= (4,2,0) and V5= (1,-2, @) span R3 find the interval of the possible values
of a.

(20 marks)

(20 marks)

|#R If X =4a, + 5a, (X is a vector w.r.t the basis A) find the coordinates of X w.r.t. basis
B.

(20 marks)

CINEC CAMPUS FACULTY OF ENGINEERING & TECHNOLOGY
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Additional information

Inverse of a matrix:

A-1 = 9@
|Al

Characteristic polynomial C (1)

@) =1Al-A1=0

The normalized form of eigen vector:
e

é=— &

e

Where,
lel=V(e + &+ ... + &)

‘| CINEC CAMPUS FACULTY OF ENGINEERING & TECHNOLOGY
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|
Question 01
|

(Total -100 marks)

Hydrology means the science of water. It is the science that deals with the occurrence,
circulation and distribution of water of the earth and earth’s atmosphere. It is developed
based on the Hydrological cycle.

a) Draw the hydrological cycle indicating all the important processes

b) Select two processes and describe each process giving a defenition, factors

affecting the process and methods available to measure it.

(35 marks)

A catchment area receives an average annual precipitation of 1200 mm. The annual
evapotranspiration is estimated to be 500 mm. and the annual runoff is measured to be
400 mm. The catchment feeds into a reservoir with an initial water level of 10 meters. .
Assume that the change in groundwater storage is negligible.

a) Calculate the annual water inflow to the reservoir from the catchment area.

b) If the catchment area is 150 square kilometers and the surface area of the

reservoir is 2 square kilometers, estimate the change in the reservoir water level

over the year.

(35 marks)

The normal annual precipitation of five raingauge stations P, Q, R, S and T are
\ respectively 125 em, 102 cm, 76 cm, 113 cm, and 137 cm. During a particular storm
\ the precipitation recorded by stations P, Q, R and S are 13.2 cm, 9.2 cm, 6.8 cm and
| 10.2 em respectiively. The instument at station T was inoperative during that storm. .

| Estimate the rainfall at sation T during that storm.

| (30 marks)

|
: +sTi0n 02 (Total -100 marks)

a ?iven in Table 1 were collected during a stream gauging operation in a river. Calculate
i

charge from the river.
‘ \ti neat sketch and mark the dimensions clearly. Indicate the calculation steps of important
rh | ters.
|
\
|

oo

=
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\ Ii Distance from Velocity (m/s)

Bl W?;f)r tage | Bepihim) At 0.2d AL0.6d | At0.8d

| 0.0 0.0 0.0 . 0.0

| 1.5 1.5 - 0.4 -

| 3.5 2.8 1.0 . 0.5

| 5.5 1% : 0.6 ;

| 7.5 L 0.7 - 0.3

| 9.5 0.5 0.5 " 0.2
11.0 0.0 0.0 . 0.0

Table 1: stream gauging details

\

|

|

|
Qfestion 03 (Total -100 marks)

|

-

rﬁg the 6 hr unit hydrograph given in Table 2, derive the flood hydrograph due to the storm

eh in Table 3. The ¢ index for the storm can be assumed to be 0.1667 cm/h. Assume the
e\ﬂow to be 20 m*/s constant throughout.

<%
[#7]

'n%e(hr) 0 [6 |12 |18 |24 [30 [36 [42 |48 |54 |60 |66
q

Th
6 UH |0 20 |60 [150|120({90 |66 |50 (32 (20 [10 |O
q iﬂaates (m/s)
i Table 2: 6 hr UH ordinates
|
P" s% from beginning of the storm (hr) 0 6 12 18
{\‘ Lﬁmulated rainfall (cm) 0 - 5 10
% Table 3: storm details

|
ﬁHirn 04 (Total -100 marks)
|

prvoir has the elevation, discharge and storage relationship given in Figure 1. When the
Moir level was at 100.5 m the flood hydrograph given in Table 4, entered the reservoir.

ﬁtrating from the basic Equation, Derive the equation for Modified Pul's method.

| (25 marks)
q)btain the ordinates of the outflow and the reservoir elevation as a result of the

ﬂassage of flood hydrograph across the reservoir. (Attach the given graph with your
swers)

(75 marks)
|

CINE( Qampus
\

Faculty of Engineering & Technology
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| 00027

ime (hr) 0 |6 |12 [18 [24 [30 [36 |42 |48 454 ~6O L66 72
| 1 I T W !
irilﬂow @Pls) | 10 |20 {55 |80 |73 |58 [46 |36 |275

‘ Table 4: Flood Hydrograph

) 1#stion 05 (Total -100 marks)

| A 30 em well completely penetrates an unconfined aquifer of saturated depth of 40 m.
‘ After a long period of pumping at a steady rate of 1500 Ipm (liters per minute), the

drawdown in two observation wells 25 m and 75 m from the pumping well were found

\ to be 3.5m and 2.0 m respectively.
| a. Mark the details in a clear diagram.

| b. Determine the transmissivity of the aquifer. .

\ ¢. What is the drawdown at the pumping well?

‘| Differentiate the terms aquifer, aquitard, aquiclude and aquifuge based on its porosity

| and permeability.

i EL Campus Faculty of Engineering & Technology 4

T

—



00027

CE2324

Elevation (m)

103.5

Final Examination

—e— (5+Q7t/2) vs Elevation  ~~@-~Qvs Elevation

Outflow Q (m3/s)
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103

102.5

102

101.5

101

100.5

100
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|
\

| 1. The surface water velocity on a straight uniform river 30 meters wide is

| modelled by the vector v = %x(30 — x)j where x is the distance from

the west bank (see diagram).

| k.

|
| e
|‘ i. Find the velocity v at each bank and at midstream. (5 Marks]
|‘ il Find V. X v at each bank and at midstream. [15 Marks]
|
\| 2. LetF =2xi+ (xz—2)j+xyk ., ¢ =xy’z and the curve
| between (0,0,0) and (1, —1,2) defined by
|‘ Cr g, y =—t, 2=2t" for Ost=1
| ii. IsV¢ aconservative vector field? Justify your answer. [15 Marks]
\
| iii. Determine [, ¢dr [15 Marks]
|
|
|‘ 3. Consider the following periodic function, o
|
_ (0 —-n<t<O0
‘i Fle= {t DL
| f(t+2m) = f(t)
|
i, Sketch the given function over a few periods. [5 Marks]
| ii.  Find the Fourier series of the function f. [30 Marks

Zf?EC CAMPUS FACULTY OF ENGINEERING & TECHNOLOGY 2
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Additional Information

2 % nt
Ay = ?,/_;f(!)ros( ',;T)f” n=012...

aL -z-fi f(t)si 2nmt it -
|‘ = 7 " sin | —— ) dt =1,2...

These integrals give the Fourier coefficients for a function of period 7" whose Fourier series is
|

| y _ %0 = b 2u7rf) (‘lmrt
\ f(t) 3 + "Z; {a,, cos ( T + b, sin T

(<
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Final exam Finite Element Analysis 0001 l

(20 marks)

What is the difference between Finite Difference Method (FDM) and (05 marks)
Finite Element Analysis (FEA)?

Briefly explain the basic steps for FDM with an engineering application. (05 marks)

What is meant by discretization and explain the purpose of having (05 marks)
discretization in FEA?

Briefly explain the followings terms in relation to FDM and FEA. (05 marks)
i) Consistency
i) Convergence

iii) Explicit and Implicit Methods
iv) Round-off
V) Finite Difference Operators

(20 marks)

A stiffness matrix is a square matrix, derived from the material
properties and geometry of the system in finite element analysis.

Briefly explain what stiffness matrix is for different engineering (05 marks)
systems such as structural and non-structural.

Obtain the stiffness matrix for a spring element with two nodes using (05 marks)
a schematic diagram of the system.

What are the properties of this stiffness matrix? (05 marks)

What will be the stiffness matrix if you extended this to a two-spring (05 marks)
system?

(20 marks)

Consider a bar with a variable cross-section supporting a load P, as .
shown in Figure Q3. The bar is fixed at one end and carries the load
P at the other end. The width of the bar at the top is w,, at the bottom
is w,, its thickness by t, and its length by L. The bar's modulus of
elasticity is E. Assume the applied load is considerably higher than the

weight of the bar.
fe—— wy —|

Figure Q3: The bar under axial Loading
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Final exam Finite Element Analysis O OO ]' 1
|
|

a) Wirite down the force-displacement equations (Hook’s law) for each (03 marks)
node dividing this system into three finite elements and considering

them equivalent to spring elements. What is the analogous value for
i‘ the spring constant k?

'\ b) Construct the global stiffness matrix based on the equations obtained (04 marks)
Q in a).

%c) What do you mean by boundary conditions in FEA? What are the (05 marks)
|‘ boundary conditions you must apply in the above system?

d)

Find the displacement values at each node if E= 70 GPa, w; =50 (08 marks)
\ mm, w, =25 mm, t = 3mm, L = 30 cm, and P = 550 kg.

(20 marks)
Direct formulation, minimum total potential energy approach, and

weighted residual formulations are three different formulation methods
. \l used in finite element analysis.

) Explain what the minimum total potential energy approach is in FEA (02 marks)

formulation.

) A 25 cm slender rod weighing 5.0 kg is supported by a spring witha (04 marks)
stiffness k = 8 kN/m. A force P = 220 N is applied to the rod at the
location shown in Figure Q4 b).

| I P=220N

| | 15cm

\

|

\

|

\

|

|

\ Figure Q4 b): Slender rod with Load

| Determine the deflection of the spring,
‘ (i) By drawing a free-body diagram of the rod.

| (i) By applying the minimum total potential energy concept.

¢}| | In a DC electrical circuit, Ohm’s law relates the voltage drop V,— V. (06 marks)

across a resistor to a current flowing through the element and the

resistance R as in Figure Q3 c) according to the equation Vo— V=

\Rl.

t

|

l

|

\
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Final exam

Finite Elemeni Analysis O O O l l

1 ALY

1

Figure Q3 c): Resistance Element

Using direct formulation, show that for a resistance element
comprising two nodes, the conductance matrix, the voltage drop, and
the currents are related according to the following equation.

2 i

Find the voltage drop in each branch of the circuit shown in Figure (08 marks) .
Q4 d) using the results of part c)

T—N\/\N\/\/\j j?

120 18 €

20 mA

Figure Q4 d): Circuit Diagram
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- Final exam Finite Element Analysis 000 ]. l

(20 marks)

A thin steel plate with the profile shown in the accompanying figure is (06 marks)
subjected to an axial load. Approximate the deflection and the average

normal stresses along the plate using the model shown in Figure Q5

a). The plate has a thickness of 0.4 cm and a modulus of elasticity £

=200 MPa.

10 ¢y

30 an

ks

||

2200N 2200 N

Figure Q5 a): Steel plate with applied force and spring model

Discuss the advantages of using ANSYS software to analyze this type (06 marks)
of system.

Explain the step-by-step procedure of finite element analysis of the (08 marks)
above steel plate using ANSYS software. Discuss the importance of
the size of elements on your results.
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INSTRUCTIONS TO CANDIDATES

This question paper consists of THREE questions.
« Answer All questions.

For Question 02, you could use a graph paper if required.

For Question 03, mark the most suitable answer from the given answers on the
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| You may use a scientific calculator. This must not be programmable and may be

| inspected during the examination. Programmable calculators, PDAs and mobile
| phones are not permitted in the exam.
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|
(162324 Mid Examination

]q‘estion 01

rovide short answers for the below questions

aa) Distinguish the methods available to record the rainfall.
\

| towards the rate of evaporation.

to reduce reservoir evaporation.

¢) Categorize the methods available to estimate the evapotranspiration.
$ Interpret the initial loss and explain how water is lost in this process.
é) List the methods available to measure infiltration.

hb Distinguish the available streamflow measurement techniques.

H Assemble the methods available to measure water depth of a stream.

j) Indicate the methods available to measure the velocity of a stream.

IHSiFiOIl 02

Hydrology

00025

(100 marks)

(10 marks)

Tb) Indicate the factors affecting evaporation and explain how each factor contribute

(10 marks)

1:) There are three separate methods available to estimate evaporation. Summarize them.

(10 marks)

d) It is important to reduce the reservoir evaporation. Indicate different methods available

(10 marks)
(10 marks)
(10 marks)
(10 marks)
(10 marks)
(10 marks)

(10 marks)

(100 marks)

bpundary of a catchment area can be identified as ABCDF, of which the coordinates are
'Veniin Table 1. There are six rain gauges located at points A, B, C, D, E and F. The annual

pregi éitation of each rain gauge are also given in Table 1. Determine the average precipitation

fi rﬁlé catchment using Thiessen Polygon method. Clearly draw the catchment area to a scale

pre :Htation.

d Flearly draw the thiessen polygons. Compare the answer with arithmatic average of the

|
C Ed Campus Faculty of Engineering & Technology

| Table 1
Lpgation | X coordinate (km) | Y coordinate (km) | Annual precipitation (cm)
A 8.66 10 46
B 18.66 10 65
C 18.66 0 76
i3 8.66 0 80
1B 13.66 5 70
| T 0 5 60




Mid Examination Hydrology
|

‘ 00025

duestion 03 (100 marks)
|

Silflect the most suitable answer for the following mutiple choice questions

|
' a) A catchment has an area of 120ha and a runoff/rainfall ratio of 0.50. If due to a 10 cm
|

| rainfall over the catchment, a stream flow at the catchment outlet lasts for 10 hours,
| the average streamflow in the period is,

(10 marks)
a) 1.33m’s
| b) 16.7 m%/s
| ¢) 100 m*/min
| d) 6 x 10* m*/hour
|
\ b) A catchment has five rain gauge stations. In a year, the annual rainfall recorded by the
\ gauges are as follows.

| Station A B G

D E
\ Rainfall (cm) | 103.9 178.5 112.4

99.5 121.7

. For a 10% error in the estimation of the mean rainfall, what is the alteration required
. for the catchment.

(10 marks)
\ a) Need to add one more station.
| b) Already available stations are adequate.
| ¢) Need to remove one station.
\ d) Need to add two stations.

|
¢) Normal annual rainfall at stations A, B, C and D in a basin are 84.93 cm, 88.51 cm,
|

91.21 em and 95.96 cm respectively. In the year 2018, the station C was inoperative.
The stations A, B and D recorded annual precipitations of 78.23 cm, 92.11 cm, 86.68
\ cm respectively. Estimate the rainfall at station C in that year.

| (10 marks)
| a) 85.67cm

‘| b) 87.11 cm
¢) 95.88 cm
\ d) 86.57 cm

:15 A 5-hr storm had 7 cm of rainfall and the resulting runoff was 3 cm. If the ¢ index
I

| remains at the same value, the runoff due to 11 e¢m of rainfall in 7 hrs in the same
| catchment is,

(10 marks)
|‘ a) 9cm
| b) 6cm
‘| c) 54cm
| d) 45cm
|
\
IZ(L; Campus Faculty of Engineering & Technology 3
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e) A reservoir has an average area of 50 km” over a year. The normal annual rainfall at
the place is 140 cm and the class A pan evaporation is 250 cm. Assuming a pan
coefficient of 0.7 and a runoff coefficient of 0.3 for the land flooded by the reservoir.
What can you suggest regarding the reservoir?

(10 marks)
a) Volume of the reservoir will reduce by 38.5 Mm?
b) Volume of the reservoir will increase by 38.5 Mm®
¢) Volume of the reservoir will reduce by 66.5 Mm®
d) None of above
f) What is the stream discharge for the stream given below?
(10 marks)
Distance from the left Depth (m) Velocity at 0.6d (m/s)
bank (m)
0.0 0.0 0.00
6.0 3.0 0.40 .
, 14.0 5.0 0.60
22.0 4.0 0.42
28.0 0.0 0.00
a) 59m’/s
b) 48 m’/s
¢) 53m’/s
d) 57 m’/s
g) The surface velocity at any vertical section of a stream is,
(10 marks)

a) Not of any use in stream flow measurement

b) Smaller than the mean velocity in that vertical

¢) Larger than the mean velocity in that vertical .
d) Equal to the velocity in that vertical at 0.6 times the depth

)rlestions h), i) and j) are based on the following information.

ftriangular DRH due to a storm has a time base of 60 hrs and a peak flow of 60 m*/s occurring
t|25 hrs from the start. The catchment area is 120 km*

h) The rainfall excess of the storm is
(10 marks)
a) 5.4cm
b) 2.3 cm
€ 1l5cm
d) 45cm

[{CINEC Campus Faculty of Engineering & Technology 4
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\
|
i) If this rainfall is due to a 6-hr storm, the peak discharge of a 6 hr UH is,
| (10 marks)
| a) 10.11 mYs
\ b) 12.66 m’/s
| ¢) 13.33m’s
i d) 11.11 m%s
\
|‘ i) Ifbaseflow is 12m?*/s, the peak discharge of flood hydrograph is,

(10 marks)

a) 24.66 m’/s
b) 48.00 m’/s
¢) 72.00 m%/s
d) 22.11 m%s

F Campus Faculty of Engineering & Technology 5
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ii.
iii.
1V.

ii.

1
which is parallel to the vector (1)

00036

IT-1 Engineering Mathematics IV

|
‘1. Let f(x,y) = 6x% + 8y? — 2x3 + 2024

Find f; and f,

Is (-2,0) a stationary point ? Justify your answer.
Find all the stationary points of f

Determine the nature of each stationary point.

Evaluate the double integral [ On/ * f01 (ycos x)dydx

Use spherical coordinates to find the volume of a sphere of radius R

Find the vector equation of the line passing through (9,1,2) and

1

| ii. Find the value of a for which

v = (2x%y + z2)i + (xy? — x?2)j + (axyz — 2x*y*)k

is the vector field of an incompressible fluid.

|iii.  IfF = x2yi — 2xzj + 2yzk , find V.(V X F)

FACULTY OF ENGINEERING & TECHNOLOGY

[10 Marks]

[5 Marks]
[10 Marks]
[15 Marks]

[10 Marks]

[20 Marks]

[5 Marks]

[15 Marks]

[10 Marks]
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Additional Information

_¥r &f

&f

=33’x6y3

2
(Bxay) . which is also expressible as D = f,.fy, — (foy)?

volume is given by the triple integral [//JV

|
WHmmﬂonofun&ntWMAandBvéﬂ\poﬁﬁonmnwbk

r=a+tk—-a)
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' 1.Apply the rank test to determine the nature of solutions for the following
?ystem of equations and determine the solution if it exists.

‘ x-2y+3z=4

‘ 2x+4y—2z=13

| 3x+6y—9z = -12

‘ (16 Marks)
‘ 2.Consider the following matrix.
‘ !’r -\k
_lo0o 1
\ s -
| i) Find the characteristic polynomial of the above matrix.

‘ ii) Find the eigenvalues and the corresponding eigenvectors of A.
‘ iii)  Find the normalized eigenvectors of A.

| iv)  Find the eigenvalues of A?

(20 Marks)

. B |
3.a) Find general/particular solutions for the following differential
| equations using a suitable method. C
‘ . 2 _d_y_ . L. (6 Marks)
| 1. 2x gl 4

Ry _ -(Bxy +y?) ; _ _
| e =y Jiven that y = 2 whenx =1 (16 marks)

. d
| 111.Smxd—z + ytanx = secx — tanx (10 marks)

‘ iv.(x —2xy + e¥)+ (y —x%+ xey)Z—z =0 (14 marks)
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b) There’s a large water tank in the chemical manufacturing department of a company which
is used to store water required for the manufacturing process as given below(figure 1).Tank
has a diameter of 2 m and water is leaking through a whole which has a diameter of
lem.Initial height of the water when the hole is open is 2.25 m.

|-<——2.00 m

Water level
at time ¢

2.25m
h(t)

© Outflowing
# water

Tank
Figure 1: Leaking tank

Under the influence of gravity the outflowing water has velocity,

v(t) = 0.600° 2gh(t) (Torricelli’s law)

vhl:re h(t) is the height of the water above the hole at time z,and g = 980 cm/sec? is the
dceleration of gravity at the surface of the earth.

[ ]

[«]

']’+e volume AV of the outflow during a short time At is given by ,

AV = AVAt A=Area of the hole
V=Velocity of the water outflow

i} [f Ah is the change in water level and if cross sectional area of the tank is B, form an
€ qu tion to find the change in volume(decrease) of the tank (AV*)

h
ii) [Show that j—t = —26.56% Vh ,assuming AV = AV* and using Torricelli’s law.

iif] Find the general solution to the above ODE.
iy) Find the particular solution.

(18 Marks)




Additional information
inverse of a matrix;

4-1 = U@
4]

Characteristic polynomial C (1)

c(A)=|21-Al=0

The normalized form of eigen vector: Where,

le]=V(E + e +... + &)

Table of Integrals

|fuv'dx=uu— f u'v dx (by parts)

\ n+1

xmdx = + o # —1
fr n+ 1 ¢ (n )
|

| —de=1In|x + ¢

“ 1

||je‘“dx= Ee‘”—!—c

[

|Jsmxdx= —cos X + ¢

\ ,
'J-cosxdx = sinx + ¢
|
|| tan¥dx = —In |cos x| + ¢
Mcotxdx = In|sinx| + ¢

usecxdx = In|sec x + tanx| + ¢

ycsc Xdx = In|cscx — cotx]| + ¢

6= —

00033
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(

| (a) Discuss the most common maintenance approaches including advantages
and disadvantages of each.

(b) Although vibration is the most common parameter measured for monitoring
the condition of a machine, there are other methods available. Discuss a
minimum of three other methods.

(a) Discuss the use of accelerometers for monitoring the condition of machinery,
with reference to selection of a suitable accelerometer, its sensitivity,
orientation, mounting location and mounting method.

(b) Discuss the problems associated with frequency analysis of time domain data
from machinery with reference to quantization, aliasing, sample frequency,
frequency resolution, windowing, and averaging. Include sketches to
illustrate your answer.

on many factors. Discuss the most likely sources of vibration in a rotating machine.

driving an overhung fan via a belt drive.

Motor speed: 1778 RPM (1XM)

| Motor bearing data: Ball diameter 6.09 mm

Cage set diameter 26.2 mm
Number of balls 8

Contact angle O degrees

Motor sheave diameter: 163 mm

Fan sheave diameter: 329 mm

Distance between centres: 1194 mm

Belt length: 3164 mm

Fan has 16 blades

Fan bearing data: Ball diameter 6.09 mm
Cage set diameter 26.2 mm
Number of balls 8

Contact angle O degrees

00005

75%

25%

45%

55%

The vibration spectrum from a rotating machine can exhibit a range of frequency peaks dependent  60%

Vibration measurements have been taken on an air washer consisting of a horizontal 50 kW motor

40%

Page 2 of 5
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i

Figure Q3
4).

(a)Figures Q4b.1 and Q4b.2 show two spectra from the vertical transducer mounted on the motor

inboard bearing housing, one over a low frequency range up to 10 times the rotational frequency of

the motor and one over a high frequency range up to 100 times the rotational frequency of the 30%
motor. These spectra exhibit peaks at 3.06XM and its higher harmonics. What is the most likely

cause of these peaks? Explain your reasoning.

>— 01/07/1509 1778 AP

[OIa A

F

[BD118 4,

mimEe s 1

ffigure Q4b.2: Vertical velocity spectrum on inboard motor bearing housing up to 100XM

Page 3 of 5§




| 00005

"Figure Q4c.1 shows a spectrum from the vertical transducer on the fan outboard bearing housing

|‘which exhibits a strong peak at 7.932XM. What is the most likely cause of this peak? Explain your
ﬂreasoning.

BIDA

= h‘l’\rﬁ. h A Ill :A A ‘ A L,\_JA A WMJ\\J
| o 1 2 3 5
lLie

- 8 7 8

Low Range
|

i 30%

F\gure Q3c.1: Vertical velocity spectrum on outboard fan bearing housing up to 10XM

Ex,‘cplain the advice you would give to management concerning this air washer. 40%
\

|\| (a) You have been asked to carry out a pilot study for a condition monitoring

\ system. Assume that you have a portable data collector and a limited

l\l number of vibration sensors together with analysis and reporting software 50%
\ and a database for storing the results. Describe how you would set up the

|‘| study, discussing the likely problems that you would encounter.

®)

Vibration measurements have been taken on motor driving a centrifugal
[ pump.

\l Motor speed (M): 1420 RPM

\ Line frequency (LF): 50 Hz

\ Motor bearing data: Ball diameter 9.09 mm .
\ Cage set diameter 42.2 mm

| Number of balls 9

\ Contact angle O degrees

\| Number of rotor bars: 32

I‘ Number of poles: 4

Calculate the frequencies in Hz of the peaks that could arise in the spectrum
| from the motor.

50%
\

Page 4 of §
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L \ Data Sheet

|‘ Figure Al: Geometry of an angular contact ball bearing with stationary outer
| ring and rotating inner ring

|

|
d, rlitch diameter for rolling element set
D, '%meter of rolling elements
7. ptational speed of inner ring (Hz)
7 rptational speed of cage set (Hz)
7 tational speed of rolling element about its own centre, about an axis
llel to the bearing axis (Hz)
a tact angle
Fanp ation frequencies caused by outer ring local defect
’f,RD i |ation frequencies caused by inner ring local defect
Fun ipration frequencies caused by rolling element local defect
[ positive integer
k y positive integer
z vﬂ%er of rolling elements
f; B ‘L f; (dm Dw 2 }
==L cosa =2l _vYeosta
=3 ”ﬂ Jo=3 D, d,
foro =12f)|| fao =12(f, = £ £ kS, foo =211, £R,
| .
| O
s _ Measured value

! 3@,)2 True value
\0
\

lf =&
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:T-ILstion x

(i) Discuss the difference between reactive and preventive maintenance with suitable
examples. (20 marks)
| (ii) Draw a flow chart to decide whether reactive or preventive maintenance has to be chosen

in a system. (40 marks)
‘ (iii) Discuss the preventive maintenance tasks which are generally performed. (20 marks)
‘ (iv) Discuss common causes of unreliability of equipment that come under your supervision.

(20 marks)
Llestion 2
| (i) Discuss the difference between Warm Standby and Hot Standby systems with suitable
examples (20 marks)
(ii) A welding machine has three components in series with component reliabilities of 0.6, 0.75
| and 0.85. Q

‘ (a) Determine the net reliability of the system. (20 marks)
(b) In order to improve the system reliability what similar component should added to the
| system and the reliability of the system with this redundant component. (20 marks)
(c) If the cost of failure is LKR 30,000 and the cost of the redundant component that you
have selected to introduce to the system in (b) is LKR 3,000, how many redundant
‘ components are required to minimize the cost. (40 marks)

Duestion 3
‘ (i) Discuss the steps that you are going to introduce to improve the reliability of your
‘ maintenance system. (20 marks)
(ii) One of the major issues that the maintenance engineer is facing is to ensure the

| maintenance budget to implement prepared maintenance activities. Do you agree? Justify

‘ your answer. (20 marks)
(iii) If a component has a failure rate of 3 x 10°® failures/hour, what is its reliability for operating

! period of 1000 hrs. (20 marks)

- (iv) If there are 3000 similar items in the test, how many failures are expected in 1000 hours. Q
‘ Assume constant failure rate and no premature failures during the test. (20 marks)

‘ (v) If the Mean Time between Failure for the component is 200,000 hours, what is the reliability

if the operating time is equal to 100,000 hours? (20 marks)

(ruestion 4

(i) Discuss the meanings of Availability, Reliability and Maintainability from maintenance
‘ engineer’s point of view (20 marks)
(i) Discuss the difference between Mean Time Between Failures (MTBF) and Mean Time To Fail

(MTTF) (20 marks)




Qu

LLtion 5

One of the important machines used in the production process is required to operate 300
days (24 hours per day) a year. Over the last year, its performances are given below.

Scheduled operation time 300 days
Number of breakdowns 6

Time to correct breakdowns 180 hours
Preventive maintenance time 80 hours
Waiting time for preparation 120 hours
Find,

a. Auvailability of the machine (20 marks)
b. Mean Time Between Failures (20 marks)
¢. Mean Down Time (20 marks)

Power supply system of a hospital is consisting with utility system (national supply) and diesel

engine driven standby generator to ensure uninterrupted power supply throughout. There is

a Voltage Monitor to identify the utility power failure and give necessary signals to start the

generator as soon as national power system fails.

a. Are there any suggestions to improve the reliability of the power supply system further?
(15 marks)

b. Draw the Reliability Block Diagram of the system. (15 marks)

¢. Draw the Event Tree diagram for the power failure. (30 marks)

d. Draw the Fault Tree Diagram for the top event of total blackout. (40 marks)
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[
1. The pictorial view of an object shown in Figure: 01. Draw the following views in THIRD

" ANGLE PROJECTION.

' 1. Sectional Front elevation on AB, viewing in the direction of arrow X
\

| 2. End elevation viewing in the direction of arrow 'Y
- 3. Plan view

| Use suitable scale

~ Complete the drawing by adding title Dimensions and projection symbol.

R23 .

| Figure: 01

\ Page 2 of 3




Marking Scheme

i - e ol il

Accuracy of view (a)

Accuracy of view (b)

Accuracy of view (c)

Alignment of views

Spacing

Title block, Projection symbol, Lettering
Dimensioning

Final Appearance

20 Marks
20 Marks
25 Marks
10 Marks
10 Marks
05 Marks
05 Marks
05 Marks

Page 3 of 3
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Ijue to the increased demand, the management of company X is considering to purchase a new
|d|hine to increase the production and revenues. The useful life of the machine is 9 years and the
mpany’s maximum desired payback period is 4 years. The inflow and outflow of cash associated

i h"the new machine is given below:

T| Description Cost (S)
|Initial cost of equipment 39,000
Annual cash inflows:

Sales | 76,000
Annual cash Outflows

Cost of ingredients 43,000
Salaries expenses 14,000
Maintenance expenses 1,400
Non cash expenses:
fpepreciation expense | 4,900

|

|
R %Lined:
|

|

Calculate the payback period and state whether the company X can purchase the new
erachine as to the results of the payback method (08
r1‘1arks)

dive your explanations for the answer given above. (04 marks)
\

|

|

!‘

|

\




b) iar & Company purchased a factory machine of Rs. 180,000 on January 1, 2012. The machine is

ex ed to have a salvage value of Rs. 20,000 at the end of its 4™ year useful life. During the useful life,
the Eichine is expected to be used for 160,000 hours. The machine was used as under:

i Year Hours Used
i
| | | 2012 40,000
i
| | 2013 60,000
|
| | | 2014 35,000
|
|‘ 2015 25,000
i
i
R r|pd:
|
Prepdre the schedule of Depreciation on the basis of Straight-Line Method for the machine
i (08
markg)
i
i
i
|
i
I
02 i
|

Acdo p|bny makes a single product which it sells at Rs.102 per unit. Its variable cost is Rs 58 per unit.
Fixed gosts are Rs.550,000 per annum.
i
Requjted;
|

I.i| The number of units to break even

I Sales value at break even point

Il ¢/sratio

il The number of units that must be sold to achieve a profit of Rs.190,000 per annum
\I. The level of sales to achieve a profit of Rs.190,000 per annum.

| (4*5=20
| marks)

| | 00053
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L"An inexperienced book-keeper has drawn up an Incorrect and Unadjusted Trial Balance, as shown

ellow ,
\
|‘ XYZ Company
| Trial Balance
\l 31st Nov.2021
|
[
‘ Amount(Rs)
" S.No Descriptions Debit Credit
| 3 Purchase return 13,000
\ p. Machinery 34,000
| 3 Salaries 17,200
‘I & Creditors 33,000
\ 5 Cashin hand 40,000
| 6 Carriage Inward 6,000
‘ 7 Rent Received 3,000
\ 8 |Discount Allowed 2,000
S Purchases 100,000
10 Bill Payable 20,000
11 Debtors 15,000
12 Carriage Outward 5,000
13 |Owner Equity 53,200
\ | 14 Building 18,000
| 15 [sales Return 3,000
. 16 |Discount Received 14,000
| 27 Insurance Expenses 6,000
. 18 |sales 130,000
19 |Furniture 20,000
TI 20 Suspense Account 8,000
\
lr Total Rs.270,200 Rs.270,200

a0 oo

\

|Salary Payable on December 31, 2016 is Rs. 1,500
\|Depreciation on Furniture charged to 10% by cost method
‘Inventory on hand on December is Rs. 60,000

130,000 of Sales Account is unearned

\
Correct the Trial Balance
Frepare Adjusted Trial Balance:

!
%*hly financial statement and has completed below transactions.
\

(04 marks)
(16 marks)

)mpany started business by 1% of May and the owner of the business has planned to prepare




s!120,000 two years ago but was now worth Rs. 100,000 only.

$y 2. Paid Rs. 15,000 cash for the rent of office space for the month.

iy 4. Purchased Rs. 12,000 of additional equipment on credit (due within 30 days).

ﬁy 8. Completed awork for a client and immediately collected Rs. 32,000 cash.

ay10. Completed work for a client and sent a bill for Rs. 27,000 to be paid within 30 days.
N1ay 12. Purchased additional equipment for Rs. 8,000 in cash.

Niay 15. Paid an assistant Rs. 6,200 cash as wages for 15 days.

quy 18. Collected Rs. 15,000 on the amount owed by the client.

v ay 25. Paid Rs. 12,000 cash to settle the liability on the equipment purchased.

May 28. Owner withdrew Rs. 500 cash for personal use.

May 30. Completed work for another client who paid only Rs. 40,000 for 50% of the system design.
M aly 31. Paid salary of assistant Rs. 700.

M

a|kl 31. Received PLDT bill, Rs. 1,800 and Meralco bill Rs. 3,800.

\ ﬁud|uired:
«

pare T accounts and trial balance for this business.
te; You may Combine salaries and wages into one account (20 marks)

a) Define the Net Present Value(NPV) and Internal Rate of Return (IRR) (02 marks)
|

P) ABC Ltd has the opportunity to invest in a project with the following forecasted annual cash

| flows:

0

| [Year 0 1 2 3 4

' [Cash 2,000,000 | 600,000 800,000 700,000 650,000
- | Flowts)

| The Financial Manager of ABC Ltd has to determine the appropriate cost of capital (COC) to
| apply as the discount rate to the project’s cash flows p.a.

| Required;
. | The NPV of the project for 12% and 17% Discounting rates (08 marks)
. | State in which rete the project is viable (04 marks)
‘ 1 IRR of the project (08 marks)

| Useful formula & Data:

Current ratio = Current assets/Current liabilities
Quick asset Ratio = Current assets less stocks/Current liabilities
Debt to equity Ratio = Borrowings (long term plus short term)x100 /Total equity

00053

Ly 1. Owner invested Rs. 500,000 cash along with computer equipment that had a market value of



DCF formula for Net Present Value; NPV = Zlo ct/(1+ D"

Where;
(‘r‘t — the net cash flow in a period

t - the period number
il- the discount rate

Sales Revenue or Sales (S)=Variable Cost(V)+Fixed Cost (F) + Profit (P)

Brake Even point (units to be sold to cover total cost) ng = F / ¢ = Fixed cost/contribution

per unit

Number of units required to provide the expected profit = (Fixed cost + Expected profit)/

contribution per unit

Contribution per unit (C) = Selling price per unit -Variable cost per unit

\
+sk:ounting factors at 12% required rate of return of the project

Year 3 2 3 4 |
Discounting factor 12% 0.8929 0.7972 | 0.7118 0.6355
Discounting factor 17% 0.8547 | 0.7305 | 0.6244 | 0.5337

00053
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a) Find the following limits.

i) lim x '/

X—00

" . Vx+3-2
ii) lim
w1 X=1

i) lim x(1 - e*/x)

2]1 + 3[2 - 4‘]3

I, =51, —3I; = =87
=71, + 21, + 613 =12
Use Cramer’s rule to solve for Iy, I; and 3.

= 26

3a—2v+x=-3
6a+v—2x=17/,
a+4v+x=—2/3

and displacement for the system.

FACULTY OF ENGINEERING & TECHNOLOGY

b) i) A d.c circuit comprises three closed loops. Applying Kirchhoff’s laws to

the closed loops gives the following equations for current flow in
milliamperes,

By using Gaussian elimination method determine acceleration, velocity,

Engineering Matherr@@@ 19 '

[ 16 Marks]
r

[ 5 Marks] l

[ 9 Marks] '

[ 35Marks]|

ii) In a mass-spring damper system, the acceleration a ms™ '
velocity v ms~! and displacement x m are related by the following
simultaneous equations.

°F
[35 Marks'
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+ @) The path of a satellite moving around the earth is given by the equation
|z + 1|+|z — 1| = 4.Show that the locus is an ellipse and find the
| coordinates of its foci and sketch the ellipse. [40 Marks]

b) Find all the third roots of 8 + 8v/3 i, and display them on an Argand
. diagram(You should display all three points in the same complex

. plane).

|

¢) A cycloid has parametric equations x = 2(6 — sinf) and y = 2(1 — cosf).
Evaluate radius of curvature at 6 = 0.62 rad correct to 4 significant figures

\
. approximate change in t when [ has an error of 0.2% increase and g 0.1%
 decrease.

| [25 Marks]

.| a) The time of oscillation t of a pendulum is given by, t = 27 J; Determine the

b) The total surface area S of a cone of base radius 7 and perpendicular height A is
‘ given by ,

| S = nr? + nrvr? + h?
| If r and h are each increasing at the rate of 0.25 cms ™1, find the rate at

| which S is increasing at the instant whenr = 6 cmand h = 8 cm
|

| [30 Marks]

c)l) The maximum and minimum distances of the Earth from the Sun respectively

| are 152 x10% km and 94.5x10° km. The Sun is at one focus of the elliptical orbit.
| Find the distance from the Sun to the other focus and sketch the positions of sun
| and earth on the ellipse.

| [30 Marks]

\

|

|

1i) A person in a whispering gallery standing at one focus of the ellipse can whisper
- and be heard by another person standing at the other focus because all the sound
. waves that reach the ceiling are reflected to other person(figure 1). If you have
- been asked to build a whispering gallery with a length 314 m where foci are 85m

- from the center, calculate the height of the ceiling at the center.
\

[25 Marks]

| [35 marks]
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314 m

A
\

Figure 1: Whispering Gallery [15 Marks]

4a) Let,@a=4j+k , b=2j+4k andCT= 3i+2j—k,
i) Find the area of the parallelogram formed by the vectors@and b [10 Marksl

| ii) If a parallelepiped is formed with @, b and € as edge vectors [10 Marksi

| find its volume

I
°1
| b) Radar uses radio waves to detect the location of objects. A device called a
| magnetron generates high powered radio waves. An antenna focuses these
waves into a narrow beam and continually shoots them into the sky. The radio
waves travel at the speed of light until they hit an object. The waves bounce off '
the airplane and travel back towards the earth(figure 2). Some of the return

waves are captured by antenna. Based on strength and travel time of the radio
waves, location of the airplane can be determined.

CINEC CAMPUS FACULTY OF ENGINEERING & TECHNOLOGY ' 4




REFLECTING TARGEY

l S :;é’"’
|‘ @j& ./:-} ot

|\ ~ ’;«a“‘ﬁ

| s

| Figure 2: Radar antenna

' A and B is given by it

sensor and the target surface = %t ]

| c) Evaluate the following integrals using a suitable method.
L xz_4 dx

| vy [ 8x345x
) f (x2+3)2

| tanx
i) e dx
|

‘| iv) [ t7sin(2t*) dt
\

|
4 CAMPUS FACULTY OF ENGINEERING & TECHNOLOGY
i

\
\ iHlpll 7 Final Examination Engineering Mathemamo:l.g
|

| A radar is stationary at S(1, -2, 4) .The radio waves travelling at speed of light

- hits an airplane moving in a straight line passing through A(1, 3, 6) and

| B(5, —1, 4). If the shortest distance between a point P and a line through the points
m .Find the time elapsed(t) between the moment

|

of transmission of waves and reception of reflected waves assuming that the
. airplane is receiving the radio waves at the time of closest point to the radar.

 [speed of light (¢) =3 X 108ms ™1, The distance (d) between the radar distance

[30 Marks]

[14 Marks]

[14 Marks]

[12 Marks]

[10 Marks]
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| Additional Information

' Partial Derivatives:
| 1 Small increments (Total differentials of 7)

| " o oy 28
| g8=f(x,y) 6z ey 6x + 3y6y (a)
' 2 Rates of change (Simple Chain Rule)
dz 9z dx 0z dy
| G- mar ey ®)
3 Implicit functions
| dz 8z 0z dy
| & ox oy dx ©

b o oy
| Qu~ 9x Ou Oy ou @
| 8z 0z Ox 0z Oy

— T ne

| o= ox ov ' oy ov

$tandard derivatives:

| 4 Change of variables (Chain Rule for Two Sets of Independent Variables,

Engineering Math@%lg

|

| F(x) af(x)
| dx
\
| xn nxn-l
|
| sin ax acosax
|
| COS ax —asinax
\
| tan ax asec®ax
|
| secax asecax.tanax
|
| X ae
\
| In ax a
‘ %
i
\
|
\
|
\
|
\
TN%C CAMPUS FACULTY OF ENGINEERING & TECHNOLOGY
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[
xn +1
|- n+l1 , for x= -1
|
| R - g:
|
| - -
| : a
|
i !... Inx
| P
‘i sin ax ~lcosax
| a
[
\ | cos ax Lsinax
[ a
|
[
|
|
|
: %‘fes 9f diff'e’r_e_lfltiatidn % A (uv) =u @ : vﬂ‘-
PR e d A dx
.t pdit _ v
: d (¥)=_dx dx
dx .
v ¥
| & _dydu
: VT il TR : Cér du dx
Integfga;gibn by parts equation u dv du
o MBR T e TS dx dx=1v -_[v dx dx
|
|
\
|
|
[
\
|
|
|
|
i
|
[
|
CINE CAi‘MPUS FACULTY OF ENGINEERING & TECHNOLOGY 7
|
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| TRIGONOMETRIC IDENTITIES

Engineering Mathe@ﬁ}@l 9

| RECIPROCAL IDENTITIES

1 COSX
| coty = —— =
tanx

T
sinx
1.
COSX

sinx

CSCX =

[PYTHAGOREAN IDENTITIES
sinfx+cosfx=1

L -9 -
Sin“x=1-—cos“x
cos’x =1—sin*x

14 tan’x =sec?x

1+ cot?x = csc?x

| sin{x+y) =sinxcosy + cosxsiny

 cos{x +y) =cosxcosy ¥ sinxsiny

\ sl 7) tanx t tany
. MY V) ==
| s l+tanxtany

SUM AND DIFFERENCE IDENTITIES

|
Nth roots of a complex number:

\
If z= r(cosf+isin@),
- then the n distinct complex numbers

| n n

CINEC CAMPUS

|
l

| 2 i’
| {/F[cos——-—-—e+ L +isin———-——0+2nk

)

DOUBLE-ANGLE IDENTITIES
by 0 _ 2tanx
sin2x = 2sinxcosx = g o
cos2x = cos?x —sin® x ‘
=2cos?x—1
- 1—tan® x
=1—=2sin*x = -i-——z-—
2 +tan- x
tan2x =——m————
1—tan-x
cot’x —1
cot2xy = —
2cotx
HALF-ANGLE IDENTITIES
x % 1-—cosx
in— =
s i Y R
X 4 ’l + cosx
COSE B _.\j >
tanx s ]1 — COSX _ sinx 2 1- cosx’
2 '\g1+cos~x_ 1+cosx  sinx

Where k=0,1, 2, ..., (n-1) are the nth
roots of a complex number Z.

FACULTY OF ENGINEERING & TECHNOLOGY
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Determine the particular solution of %‘f + 3t?y = t? using the

integrating factor, given that y = 0.2 whent = 0 [15 Marks]

The displacement s of a body in a damped mechanical system, with
no external forces, satisfies the following differential equation
d?s ds
FTe] + 14 p +49s =0
Solve the equation for s given that s = 2 and g—i = —3 whent =0

[20 Marks]
Determine the particular solution of the differential equation

dzy
dx?
When x = 0, y-—y 1

— 9y = —6cos 3x

[40 Marks]

a) Find the domain and range of function,
z = f(x,y) = 25 — x? — y? and then sketch the graph. [15 Marks]

: = r - xt4+y3 :
b) Determine whether the limit, (x,y])]B%o,O) P exists or not. (10 Marks]

Find the 2024%" derivative of y = xe™ using the Leibnitz’s
theorem. [10 Marks]

Show that the power series solution of the differential equation
2

d%y dy
i 1) =
(2x l)dxz (2x + )dx+2y 0
Using the Leibnitz — Maclaurin method, is given by
y=2+4x—e*
Given the boundary conditions that at x = 0,y = 1 and z—z = 3.

(Note that e* Zno —1+x+ + + + ) [45 Marks]

CrNEC CAMPUS FACULTY OF ENGINEERING & TECHNOLOGY 2
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Let Z—z&y+x, y(0)=a
a) If y(0.1) = 3.32 using the Improved Euler (Euler-Cauchy)

method with a step size of h = 0.1 then find the value of a.

b) Apply the Improved Euler method to find y(0.3). (Consider
the step size in a)) [20 Marks]
¢) Solve the differential equation using integrating factor
method. [10 Marks]

d) Hence, find the percentage error with Improved Euler
method for x = 0.3. [5 Marks]

[10 Marks]

Find the Laplace transform of f(t) = 2t + 1 by integration.

(L{F (D} = [ F(©)e™st dt). Show the details of your work. [15 Marks]

Solve the following shifted data IVP by the Laplace transform. Show
the details of your work.

y'+5y"+4y=3e""?% y(2)=-2 and y'(2) =5

[30 Marks]

Tank T; in the figure initially contains 100 gal of water in which
100 Ib of salt are dissolved. Tank T, initially contains 100 gal of pure
water. Liquid is pumped through the system as indicated, and the
mixtures are kept uniform by stirring. Find the amounts of salt y, (t)
and y,(t) in T; and T,, respectively.

3 gal/min
o

{Pure water)

1gal/min

[25 Marks]

Find the real general solution and sketch or graph some of the
trajectories in the phase plane for the following system of equation
and determine the type of the critical point.
i =4y +63;
y2 = =3y, + 5y, [30 Marks]

FACULTY OF ENGINEERING & TECHNOLOGY 3
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The probability that an eagle kills a rabbit in a day of hunting is 15%.
Assume that results are independent for each day.

a) What is the probability that the first successful hunt occurs on
day five?

[6 Marks]
b) What is the expected number of days until a successful hunt?

¢) What is the probability that the second successful hunt occurs [3 Marks]
on day five? (6 Marks]
d) If the eagle can survive up to 10 days without food (it requires a

successful hunt on the 10 day), what is the probability that the ~ L° Marks]
eagle is still alive 10 days from now?

Traffic flow is traditionally modeled as a Poisson distribution. A
traffic engineer monitors the traffic flowing through an intersection

with an average of four cars per minute. Determine the following
probabilities.

a) What is the probability that no cars pass through the intersection

within 30 seconds? [6 Marks]
b) What is the probability that more than two cars pass through the
intersection within 2 minutes? [14 Marks]

¢) Calculate the minimum number of cars such that the probability
of this number or fewer cars pass through the intersection

[8 Marks]
within 30 seconds is at least 90%.
d) If the variance of the number of cars through the intersection per
minute is 15, is the Poisson distribution appropriate? Explain.
[2 Marks] .

FACULTY OF ENGINEERING & TECHNOLOGY
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In a company of 1000 employees, there are 650 developers, 230 sales

& marketing and the remaining QA engineers. The company selects
30 employees randomly (without replacement).

a) What is the probability that exactly two of the selected

employees are QA engineers? o Wi
b) What is the probability that at least two of the selected
; [10 Marks]
employees are QA engineers?

¢) What is the probability that more than 90% of the selected
employees are QA engineers?

d) What is the probability that exactly two of the selected
employees are developers?

[10 Marks]

[5 Marks]

A company produces widgets.45% of the widgets are manufactured in
China, 30% of the widgets are manufactured in German, and 25% of
the widgets are produced in Korea. In the sample of 10 widgets,
a) What is the probability that exactly 4,4 and 2 widgets are
manufactured in China, German and Korea, respectively? [6 Marks]
b) What is the probability that at least one of the widgets made in

[8 Marks]
China and exactly one of the widgets made in Korea?
¢) What is the conditional probability that exactly three widgets
made in China given that exactly 2 widgets made in German? [6 Marks]

FACULTY OF ENGINEERING & TECHNOLOGY
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| Formof particular integral for different functions

Sir

lynomial (i.e.
+Mx+NxP+ -

ne or cosine function v=Asin px+ Bcos px
=asin px +bcos px,

eibnitz’s theorem:
= ()™ = 4™y + nut-Dyp® 4 ’.‘Q};ﬂum-z)v(z) + @Lh?!("__z) 2@ 4 .

Maclauil;in’s Series:
! 2 3
FG) = F(0) +x£(0) + S f"(0) + £/ (0) + -

FFormulae for Euler-Cauchy Method:
f Ypy = Yo + hyo

1 !
Yes = Yo +Ehb’0 +* f(le yp1)]
Laplace Transform:

k‘(s) =1Mf) = f e~ (2) dt.
B 0

CINEC GAMPUS FACULTY OF ENGINEERING & TECHNOLOGY
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Laplace Transform of Derivatives:

7% [') = sL(f) = fO)

" ‘_ 2 !
HS") = S = 0) = 7).
1 el o -

Sﬁ(f(“’) "33(f) = "0 = ") = o = FD0).

‘ Some Functions f(t) and Their Laplace Transforms <£(f)

. M (TR T 10 2n |
| [ 1 1/s 7 | coswt 1 g
‘ i L . ST+

‘ 2 ' : ..

| 2 ! 1/s il 8 sin w! EPT

| 3 ~ 21/s° 5 9 cosh at B i 2 i
| i n ! | | |

t n! - ‘ y | a
| 4 R, oo S T 10 sinh at , sz—ai
f
a Ia + 1 | —

| 5 F 20 | u | eomar | —252

| (a positive) P i s —a)“+ w

| ! (s w

| 6 e g ; 12 ! e% sin wt (5—-:1)7: 2

he Probablllty Mass Function of Hypergeometric Random Variable X:

;g f(x)_(")(li f) et ek & — N tpgoin . 2l

()

A setof N objects contains
K objects classified as successes
1 ‘objects classtﬁed as failures
ple of size n objects is selected randomly (wxlhout replacement) from the ¥
where K < N andn < N.
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f X is a Hypergeometric Random Variable with parameters N, K and n, then
2 ' N-n
p=E(X)="~Hp and (o =V(X)= np(l_p)(ﬁ]

" where p= K/N.

==

'he Probability Mass Function of Poisson Random Variable X:

o
f{.-x)-———gg—)—-.x 0.L,2 ...

The Joint Probability Mass Function of Random Variables X4, X5, ..., Xj
vl'hich have a Multinomial Distribution:

n!
P(Xi=x, X =%,..., Xy =X)= - pit p7 - P

X !xz' x;! ] )

forxp+x,+...+xy=nand py+pr+...+ p =1L

The Probability Mass Function of Negative Binomial Random Variable X:

' In a series of Bernoulli trials (independent trials with constant probability p of a suc-
cess). the random variable X that equals the number of trials until » successes occur is a
negative binomial random variable with parameters0< p<landr =1,2,3....,and

f(x) [ ll)(l—p) Bl x_.zr,:.'f+]_,r+2,...

[f X is a negative binomial random variable with parameters p and r,

u—E( )=r/p  and 62=V( =r(l- )/p

Le Probability Mass Function of Geometric Random Variable X:
‘ f(x)=(l—p)x"]p x=12

{£X is 2 Geometric Random Variable with parameters p,
p=HEX)=1/p and o=V (X)=(l- p)/p’

|
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L. The sports car is expected to face high temperatures during prolonged use. What type : l
of composite material would be suitable for components requiring heat resistance and
thermal stability?

a) Glass fiber-reinforced polymer (GFRP)
b) Carbon fiber-reinforced polymer (CFRP)
¢) Ceramic matrix composite (CMC)

d) Aramid fiber-reinforced polymer (AFRP)
€) Hybrid Composite

2. An engineering team is working on designing a critical component for an aircraft that
will be subjected to cyclic loading during its operational life. The team is concerned
about the potential for fatigue failure and is exploring various materials and design
strategies to mitigate this risk. What is the significance of conducting fatigue testing
during the design phase of the component?

a) To determine the hardness of the material

b) To identify the yield strength of the material

¢) To assess the material's response to cyclic loading and predict fatigue life

d) To measure the material's thermal conductivity

¢) To determine the Ultimate Tensile Strength and Yield Strength of the material

3. An engineering team is designing a bridge structure. The team is designing a bridge
that needs to withstand heavy loads and potential earthquakes. Which type of failure,
ductile or brittle, is more desirable for this application, and why?

a) Ductile failure because it allows for deformation and energy absorption before complete
failure, which is crucial for withstanding dynamic loads,

b) Brittle failure because it provides carly warning signs through visible deformations,
allowing for timely maintenance.

¢) Ductile failure because it results in sudden, catastrophic failure, reducing the chances
of progressive collapse.

d) Brittle failure because it ensures better load distribution across the structure

4. Fiber Reinforced composites become a vital material in many manufacturing |
operations. !

a) Mention 3 types of fiber reinforced composites and give brief description of each i
(applications)

b) Mention 3 methods of processing “Fiber Reinforced Composites” and briefly explain .
one of those methods with the aid of diagram. '

5. Arelatively large plate of glass is subjected to a tensile stress of 70MPa. If the specific
surface energy and modulus of elasticity for this glass are 0.6J/m ~ (2) and 88Gpa, %

respectively, determine the maximum length of a surface flaw that is possible without
fracture.

|
;
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6. Estimate the theoretical fracture strength of a brittle material if it is known that fracture

oceurs by propagation of an elliptically shaped surface crack length of .8mm and having
a tip radius of curvature of 7 *10 #(-3) mm when a stress of 1080MPa is applied.

7. Below mentioned the details of a bridge to happen a failure with respect to the type of

moving vehicles

Type of vehicle No. Applied Cycles by |Number of vehiclest No. Cycles to
s (MPa) 1 vehicle, N; moving on the bridge Failure, Nfi
Prime mover 500 X 10,000

bus 50 5 500

car 40 2 320

a) What will be the minimum number of prime movers(X) that can be moved to
fail the bridge?

b) Briefly explain the importance of considering the fatigue behavior of materials
when selecting those for engineering applications.

8. A continuous and aligned fibrous reinforced composite having a cross sectional area of
970 mm? is subjected to an external tensile load. If the stresses sustained by the fiber
and matrix phases are 215 MPa and 5.38 MPa, Respectively, the force sustained by the
fiber phase is 76,800N, and the total longitudinal composite strain is 1.56 * 10 , then
determine

a) The force sustained by the matrix phase
b) The modulus of elasticity of the composite material in longitudinal direction
¢) The moduli of elasticity for fiber and matrix phases.
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1. Each sample of water has 15% chance of containing a particular organic
pollutant. Assume that the samples are independent with regard to the
presence of the pollutant. In the next 20 samples,

1. Find the probability that exactly two samples contain the pollutant.
{i.  Find the probability that at least one sample contain the pollutant
{ii.  Find the probability that at least 18 samples do not contain the

pollutant.
iv.  Find the expected value of the random variable defined in (i).

2. The following table shows the joint probability distribution of random

F
00030 g

[10 Marks]
[10 Marks] l

[15 Marks]

Engineering Mathematics 111

[5 Marks

]
F

variables X and Y. l
o
X
¥ 1 2 3 I
1 0.01 0.02 0.25
2 0.02 0.03 - 2c l
3 0.02 c 0.05
4 0.15 0.1 0.05 3
i Find the value of ¢ . [5 Marks]
i Obtain the marginal probability distribution of X [10 Marks]l
iii. Calculate the conditional probability, PY=3|X=1) [10 Marks]
iv.  Determine the value of E(X) and V(X) (10 M”S]
3. Determine the covariance and correlation for the following joint probability l
distribution. I
x 1 1 2 4
y 3 4 5 6 l
fey (%, ¥) 1/8 1/4 142 1/8
[25 Marks!
CINEC CAMPUS FACULTY OF ENGINEERING & TECHNOLOGY 2
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Additional Information

The random variable X that equals the number of trials that result in a success is
1'&:%:&91&% fandom varfable with parameters 0<p<land n=1,2,.... The prob-
4bility mass function of X is

-{(Jro-ar seonns

flf X is abmomxai random variable with parameters p and n,

p:E(X)xnp and GZ=V(X)=np(1—~p)

The covariance between the random variables X and Y, denoted as cov (x,Y)
OF Gy, 1S
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‘ 1) The simply supported beam ABCDEF given in Figure 1, is pinned at B and E is on a

‘ toller support. The beam is subjected to two, point loads of 40 kN and 20 kN at A and

‘ C, auniformly distributed load of 12 kN/m on segment DE, and a concentrated moment
of 20 kNm at I'. The flexural rigidity LI is a constant.

‘ i.  Find the reactions at supports B and E

(10 marks)
‘ ii. Use Macaulay’s method to write the Bending moment equation for the beam.
(20 marks)
iii.  Derive the equations of slope and deflection.
(30 marks)
iv.  Determine the deflection at A and F
(20 marks)
v.  Find the location and the value of the maximum deflection in span BE.
‘ (20 marks)
40kN 20kN .

12kN/m 20kNm

‘ A ‘/ IBIf C
im l 2m E im l 3m | im
| |< >¢ >i< >|< >E
|

Figure 1

2) The statically indeterminate uniform beam ABCD given in Figure 2, is fixed at A, and
| B and C are on roller supports. The beam is subjected to a point load and a uniformly
| distributed load as given in the figure and there is a 20 mm support settlement at B.

Take E = 70 GPa and I = 50 x 10° mm*, Equations are given in the last page. -~
!
| i.  Determine the Bending moments at points A, B and C
. (50 marks)
| 1i.  Draw the Bending Moment diagram for the beam.
| (30 marks)
iii. Draw the Shear Force diagram for the beam.
| (20 marks)
| Support settlement at B
A=20mm
| 20 kN
l \ 4 kN/m
‘ § 2m 3m 3 ' 1 ¥y v ¥ ] D
| ] = - v
A 8 <
| 1[, 5m !, 5m L 2m
i Figure 2
CINEC Campus Faculty of Engineering & Technology 2
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' 3) The three-pinned parabolic arch given in Figure 3 is subjected to a uniformly distributed
| load and two concentrated loads as given.

‘ 1. Determine the support reactions at A and C.

(40 marks)
‘l ii.  Calculate the radial shear and the normal thrust at a section 50 m away from A.
‘ (60 marks)
| 100kN 80kN
|
| 10 kN/m
| CY Y YVYVYYYYYYYVYYYYy vy v v vy
| ‘/—g\' E
| o E 20m
I\ A C 2
|
\
. | , 30m |, 30m 40m ., 30m 30m | 40m "
‘ < pis > - > re——»
|
| Figure 3

1|4) The moving truck load system given in Figure 4 consists of 3-point loads. The load
~ system is moving from right to left.

. Draw the influence line diagrams for shear force at point C and bending moment
at point C.

(20 marks)
. Determine the maximum positive shear force that can be generated at point C

, when the truck passes through the beam.

(40 marks)
| . Determine the maximum positive Bending moment that can be generated at

| point C when the truck passes through the beam.
(40 marks)

I l 1.5m !: 1.5m¢!

]3(? Campus Faculty of Engineering & Technology 3
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5) The cable ABCDE given in Figure 5, is pinned at A and E. Three-point loads are applied
at B, C, and D.
i. Determine the forces P; and P; needed to hold the cable in the position, so that
segment CD remains horizontal.

(80 marks)

ii. Determine the maximum diameter required for the cable if the allowable stress
is 400 MPa.
(20 marks)
1.§ m B £
1 ﬂl__ . \C D
Ys kN
Yp, Yp,
> 4m Sm 4m—
Figure §

6) Consider the universal steel column 203mm x 203mm x 46.1 kg/m with a flange
thickness of 11mm and web thickness of 7.2mm given in Figure 6. The height of the
column is 10m and has load applied on to a pinned joint on top and is fixed in concrete
at its base.

i.  Calculate the Second moment of area of the column section.
(50 marks)
ii.  Determine the Euler buckling load of the column. Take Young's modulus of
steel as 210 GPa.
(50 marks)

Column in Buckling

;)

L
-
-

1h

(FEM, = BID

{F

(o4

M), =

I.

wi”

- i} i".'h.'fi &

wi?

7 | o, = 958

MY
% Length of flange b = 203.mm
bl
o T ! Length of web d=181-mm
Flange thickness tm 11.mm
1
S e I" Web thickness tw = 72.mm
";:s'j
Figure 6
|
g b — ¥4 A B — ok
T 1 (|
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Re-Sit EXAMINATION

émester-S 2023  (Batch—4) Re-sit Examination

fme allowed: 3 hours 25" November 2023 from 09:00 a.m. to 12:00 noon.

pte:

‘e Attempt all five (05) questions and all carry equal marks.

‘o Write answers on A4 size booklet.

‘e Write your name and student number on each sheet.

o1

| a) Discuss the scope and application of the ‘Kandyan (Sinhala) Law’ in Sri
. Lanka.
b) Briefly discuss the hierarchy of courts and their limitations (powers).

02.

a) What are the legal requirements that should be fulfilled to make a valid
offer?

b) Distinguish the terms justa causa and consideration.

c) Briefly explain the terms dolus and culpa.

03.
| Sujith employed Nishshanka on a monthly salary to do the odd jobs as a

carpenter’s assistant on his building site. Sujith’s neighbour Sirisoma wanted

Nishshanka to work for him during the weekend for a period of two months,
~ to attend to repairs on Sirisoma’s roof. Sujith had instructed Nishshanka not
" to work outside his own work site. While working at Sirisoma’s weekend,
. Nishshanka dropped plank (timber) carelessly, seriously injured Sirisoma’s
. sister. Is it possible to get sue for the damage either from Sujith or
: Nishshanka?

oy

L
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Gorge has established a small-scale sulphuric acid manufacturing plant on his
‘ own land. Kate a neighboure of Gorge who is running a tutory at her
residence wants to take legal action against Gorge on the grounds that the
noxious sulphur dioxide fumes emitted by the factory cause respiratory
| problems, headaches and faintness among her students and therefore she
had to close down the tutory.
‘ Comment about the legal aspect in this regard.

| 05.
Werite notes on followings. ~
; a) Fixed term employment and Casual employment
b) Difference between a probationer and an apprentice




