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Test 1 — MANE 3351
Manufacturing Engineering Analysis

November 4, 2019

. This examination is closed book and contains 6 pages,

You are provided a formula sheet needed to work this exam and this exam

. You will need a calculator,

You have 75 minutes to complete this exam,

The points are clearly labelled,

. Good Luck!




(20 points) Gaussian Quadrature

Use 3-point Gaussian Quadrature to evaluate
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. Use the truncated Gaussian points and weights shown below.

ABSCISSAS AND WEIGHT FACTORS FOR GAUSSIAN INTEGRATION
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Table 25.4

Abscissas— 4 z, (Zeros of Legendre Polynomials) Weight Factors=r;
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h 8
ne2 0.18343 abg;g ?5650 g;{:ggg gzggé ;3362
1.00000 00000 00000 0.52553 24 6329 s 7887
0.57735 02691 BRezé 0.79666 64774 13627 0.22238 10344 53374
n= Bi 0.96028 98564 97536 0.10122 85362 90376
0.00000 0 888
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Note that sin’z = 1[1 — cos(2z)] and make sure to work in radians (not in degrees).
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12/10/2019 Test_Question1

Test
Question 2> |

In [1@]: | import math
import numpy as np
def f(z):
return 9.5*(1.8-math.cos(2.8*z))

# 3 point Gaussian Quadrature
x3=[0.0,0.7746,-0.7746]
w3=[0.88889,0.55556,0.55556]

#
# find y_1
y3=[]

for 1 in range(@,len(x3)):
y3.append(((b-a)/2.8)*x3[i]+(b+a)/2.0)

i3=0.06
for i in range(@,len(y3)):
#print(w3[i]*f(y3[i]))
i3=i3+w3[1i]*F(y3[1i])
i3=i3*(b-a)/2.0
print("the area using 3-point gaussian quadrature is {}".format(i3))

the area using 3-point gaussian quadrature is 1.298355481786122

In[ ]:

localhost:8888/nbconvert/html/MANE3351/Test_Question1.ipynb?download=false



2. (20 points) Romberg Integration

Answer the following questions regarding Romberg integration.

(a) (16 points) Compute two rows of Romberg’s algorith to evaluate

2 142
/ (;r: + —) dx.
1 2
Clearly indicate your answer.

See (%“FD‘DM Cocle

Q\ (OJOB - 5.]12S
R{I;OB - 49097?——
R(L) = {83776

(b) (2 points) If the exact answer is 2.19314718, calculate the absolute and percentage
error for your best estimate from part a.
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(c) (2 points) Name the two numerical algorithms that Romberg Integration is based
upon. ( '
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12/10/2019

Test-Question2-Romberg

Test - Question 2

In [3]::

# S T oo
(SR R

import math
import numpy as np
def f(z):
return (z+1.8/z)**2.0

# initialize matrix r
r=np.zeros(shape=(n+1,n+1))
h=b-a

#find R(©,8)

r[e][e]=(h/2.0)*(f(a)+f(b))
for i in range(l,n+1):
h=h/2.©
sum=0.9
for k in range(1,2**i,2):
sum=sum+f(a+k*h)
r[i][@]=08.5*r[i-1][@]+sum*h
for j in range(1,i+1):
rli][jl=r[il[j-1]+(r[i]1[j-2]-r[1-1][3-1])/(4**j-1)
print(r)
#h=(b-a)/n

#print("The area is {} after {} iterations"”.format(sum,n))

[[5.125 0. ]
[4.90972222 4.83796296]]

localhost:8888/nbconvert/htmI/MANE3351/Test-Question2-Romberg.ipynb?download=false

171



3.
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(20 points) Newton-Raphson ’(“ [)(\ - (D X)—_ 2_3,‘-{)( + ]7—.-;

(a) (16 points) Calculate three iterations of the Newton-Raphson algorithm to find the
root of f(z) = 223 — 11.72% 4+ 17.7X — 5 starting at zo = 3.

£ (%) -3 = A=

Y=Y = gt'=3 - 75 = 5133 = (.50
- 4g.090F

£4) - {.)3?—.8935'3 :4_3Gq;,( ;115133)_4

—

Yo =% 7 B fUsng) = 55686C

£ (4 20em) = R4

o Y-k = 37D 9;(4,%??5) = 371724

Fg=Re %‘(X?\:

(b) (2 points) Name the main advantage and main disadvantage of the Newton-Raphson
algorithm.

M adtoer T CAF ( convarpea cﬁ%%\
Mot n QWU'*"{"%" . (R“(}uir% cerd -l e

(c) (2 points) Suggest another root finding algorithm with performance similar to the
Newton-Raphson method that does not require knowledge of the derivative.

Sgeatt”
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4. (20 points) False Position

Calculate four iterations of the false position method to find the root of
fla) =2 -1

between © = 0 and 1.3.
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12/10/2019 Test-False-Position

Test - Question 4

In [9]: # Question 4
import math
def f(x):
return x**10.6 - 1.0
# input a & b
while True:
a=0.e0
b=1.3
if f(a)*f(b)<e.0:
print("root is bounded")
break
counter=9
print("starting point: a={},f(a)={}".format(a,f(a)))
print("starting point: b={},f(b)={}".format(b,f(b)))
# process loop
while True:
xr= b - (f(b)*(a-b))/(f(a)-f(b))
print("iteration {}, xr is {},f(xr)={}".format(counter,xr,f(xr)))
if f(a)*f(b)<e.0:
a=xr
else:
b=xr
counter=counter+l
if counter>3:
print("counter exceeded")
break
print("the root is {}".format(xr))
print(“"the value at the root is {}".format(f(xr)))

root is bounded

starting point: a=0.8,f(a)=-1.0

starting point: b=1.3,f(b)=12.785849184900005

iteration @, xr is ©.89429959537232735,f(xr)=-0.999999999944397
iteration 1, xr is ©.1817588725190793,f(xr)=-0.9999999606489614
iteration 2, xr is ©.2628740125203042,f(xr)=-0.9999984242898871
iteration 3, xr is ©.3381051833222693,f(xr)=-0.9999804783168278
counter exceeded

the root is ©.33810510833222693

the value at the root is -0.9999804783168278

In [ ]:

localhost:8888/nbconvert/htmi/MANE3351/Test-False-Position.ipynb?download=false
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5. (20 points) Bisection Method

(a) (16 points) Calculate four iterations of the bisecti od find the root of

f(z) = 2 — 8z — 3522502 — 1001
4

(b) (4 points) Name one advantage and one disadvantage of the bisection method.
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12/10/2019 Test_Bisection

Test, Question 5

In [2]: # September 18
# Pseudo-code 1
from scipy import stats
import math
def f(x):
return x**4-8*x**3-35*x**24+450%x-1001
# initialize code
a=4.5
b=6.0
tol=0.005
N=3
err=math.fabs(b-a)
L=f(a)
for i in range(@,N+1):
m={a+b)/2.0
M=f(m)
err=err/2.0
if (err<tol):
print("stopping inside for loop at iteration {}".format(i))
break
if (L*M<@):
b=m
else:
a=m
L=M
print(“iteration {}, a={}, b={}".format(i,a,b))
print("the root is {} with f({})={}".format(m,m,M))

iteration @, a=5.25, b=6.0

iteration 1, a=5.25, b=5.625

iteration 2, a=5.4375, b=5.625

iteration 3, a=5.53125, b=5.625

the root is 5.53125 with f(5.53125)=-0.5322866439819336

In [ ]:

localhost:8888/nbconvert/htmI/MANE3351/Test_Bisection.ipynb?download=false

m



