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Chapter 2
2-3
Amplitude ratio = -0 =

(R EEIRE R

(I — (0421 + [200.7)0.4)1}/?
amplitude ratio = 0.99 (Use Figure. 2-5)
F@) = Fysinwt; x(t) = xpsin(wt — @)
timelag =1, = —1p

max

+

F@) = Fy = max (when sinwt =1) . wyt = sin”!'1 = z;tF = 1z
max W] 2
e = | L= 2| = 0.006255ec
max 40 )2 )\ 2n

x(t) = xp = max (whensinwit — @) =1 . (wt —¢) = sin"'1=2

1
t, =—

2

5 an! )] 1 20.704)

L[V 1— (0.4)
w,
¢ = 33.7° (Use Figure 2-6)
V4 V4
t = —| =+ 33.7| —|| = 0.054 sec
Tmax 40 2 [180]
.. time lag = 0.54 — 0.000625
time lag = 0.0478 sec
2-4
1 - X0
N 12~ F,

el

4 2 2
Forj“,—0 —1.00 + 001 = 1.01 we have | 21| —0.04/ L] +1— [L] — 0and
70 W, w, 1.01

w; — imaginary.

2

Wn Wn

4
For = = 1.00 — 0.01 = 0.99 we have ﬂ] - 0.04[ﬂ
Ly
k

1 2
+1-|—| =0
0.99

which gives 2L = 0.306.

Wn

w, = (100)(27) = 628 rad/sec
w; = (0.306)(628)
wy = 192.1 rad/sec = 30.6 Hz
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2-5
1
r-T, _ e-(ﬁ)t
TO - Too
1.0
<4
T-T. o]
Th-T. "1
0 +——+
1 234567
Time (seconds)

——9 = 0.435.Att = 5sec,T = 270°F

= 0.1304

1—0.632 = 0.328
RC ~ 3.4sec

26
R
R
R+ R
2

_.
= ‘N?a =

R | R +1

1 )

RAi PRI/EA2
0 o 0.3 -

PRI/EA2

0.1 0.082645

0.2 0.138889

0.3 0.177515 0.25

0.4 0.204082

0.5 0.222222

0.6 0.234375

0.7 0.242215 0.2

0.8 0.246914

0.9 0.249307

0.25 0.15

0.249433 ’
0.247934
0.245747
0.243056 0.1
0.24 \
0.236686
0.222222 0.05
0.1875 —— PRI/EA2
0.16
0.138889
0.122449 o T
0.109375 0o 2 4 6 8 10 12
0.098765 x

0.09
0.082645

- o

COONOUNALEWONDN D WN = =

-
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2-7
Readability — 1 inch
64

Least count — i inch
32

2-8
t = RC = time constant

¢t = (10%0hms)(107°f) = 10 sec

t = 10sec
2-9
%, error — R+R)-R % 100
R+ R)
_ 5000 < 100
25,000
% error = 20%
2-10
ES R
P=-48.F,=E
R R+ R,
E =100v
R = 20,000 ohms
R; = 5000 ohms
2
_E*[ R ~10* | 2x10?
R|R+R 2010)*| 2.5 x 10*

Maximum power occurs when Z—; =0—R

E2
Foax = —
R

2R} 2.0x10*
When R = 1000 ohms and R; = 5000 ohms:

104 10 T 10 volts?
P=—|—| = —— = 0.278 Watts
10°| 6 x 103 36 ohm
2-11
mx + kx =0
)'c'—i—ﬁx: Owherew,% :£—> w, = L3
m m m

From the static deflection: kA = mg where A = deflection = 0.5 cm

_cm
i:§—>1’Vﬂ:\/§: —9805602
m A A 0.5cm
W}’l

= 44.3 rad/sec

= 0.32 Watts

.. R = 5000 ohms

2 4
[ P ] L = 5000 Watts

Chapter 2



Chapter 2
2-12
A = 0.25 inch; g = 386 in/sec’
9861
\/7 —_sec _ = 39.4 rad/sec
0.251in.
2-14
w, = 39.4rad/sec = 6.27 Hz
w s );0 for < =0
Wn ko cC
20 3.19 0.108
40 6.38 0.025
60 9.57 0.011
2-15
d_V — _cV 1 = e_CT
drt Vo
Att =0,V = 1Oliters,d—V: —
drt
¢c=06hr!
2-16
(1 Ibf/in?) (4.448 N/Ibf)(144 in%/ft%)(3.28” ft*/m?) = 6890 N/m’
1 kgf = 9.806 N
1 Ibf/in? = (6890)(9.806) = 67570 kgf/m?> = 6.757 kp/cm?

2-17
(mi/gal)(5280 ft/mi)[zi31 gal/in® ](1 728 in/ft%)

x (35313 ft3/m3)[ﬁ m>/1| x (3.2808 x 107> kn/ft) = 4.576 knv/l

2-18
(lbf—s/ftz)[32 1711bb—1;%] = 32.17 Ibm/s-ft x (0.454 kg/lbm)(3.2808 ft/m)
s
= 47.92 kg/m-s
2-19

(0.454 kg/lbm) x

1 Btu
kl/kg-°C
(ke )[ 1.055 k ]

SOC/ °FJ = 0.2391 Btu/lbm- °F

(kg °C)| ——Xealll _L ke | 391 107 keallg-"C
4.182 kJ J{ 1000 g
2-20
1
/m>)(0.02832 m>/ft>)| — 1bm/ slug/lbm
(g/m)( )454 g] [3217 ue ]

=1.939 x 107° slug/ft>

SM: Experimental Methods for Engineers
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221
(Btu/h-ft-°F)(1055 J/Btu)[

sec/h} x (107 erg/J)[gOF/OCJ
3600 5

= 5.275 x 10° erg/s-ft-°C x [ ft/cm]

12 x 2.54
= 1.731 x 10° erg/s-cm-°C

2-22
R )
(em?/s)| ————— | = 1.076 ft*/s
2.54 x 12 cm
2-23

3
(W/m*)|3.413 Bt ! EJ = 0.09664 Btu/h-ft>
W-h J( 3.2808 ft

2-24

(dyn-s/cm?)(10 7> N/dyn)(0.2248 Ibf/N) x (2.54 x 12 cm/ft)? [32.17%%}
S

= 0.0672 Ibm/s-ft x 3600 s/h
IThm

= 241.8 —
h-ft

2-25
w « 3.413 Btu/W-h

3 2.2 2
cm (l)mxlft

254) om? T 144 ip2

KZ % 3170 = Btu/hr-ft?

cm
2-26
. 0.3048 ™ x 4448 N
R = 15451l i bf _ g305— 3
Ibm-mol-°R 0.454 X8 5 °K kg mol - °K
Ibm 9 °R
2-27
em® 1 ]3 in® 1 gal
X X ———
s 2.54) em® 231 in2
3
M 0.01585 = gal/min
S
2-28
R — 2ok
5
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229
T =105, Ty = 30°C, T,, = 100°C
Rise time  90% = 2.3037 = 23.03s
0.01 = /7
t

— = 4.605
T

t(99%) = 46.05 sec
2-30
A =20°C @ = 0.01Hz = 0.0628 rad/s
O(w) = —tan~ ! @T
= —tan" '[(0.0628)(10)]

= —32.14deg
= —0.561rad
At = M = ﬂ = 8.93 sec
@ 0.0628
2-31

o, =10,000Hz < =03,04

Ce

Fori = 0.3, resonance at L 0.9, w = 9000 Hz

Ce @y,

Fori = 0.4, resonance at L 0.8, w = 8000 Hz

Ce a)n
2-32
@ — 02and 0.4 for < = 0.3
w, c,
At 2000 Hz
X0 1
F = 1.034
51— 027 + [(2)03)02)° 1
® tan_ll(zxos)(oz.z) _ 713deg
1-0.2
At 4000 Hz
X0 1
T = 1.145
B - 0477 + (B304
® tanll(zxo.z)(ozA) _ 15.9dsg
1-04

SM: Experimental Methods for Engineers
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2-33

x_O _ 04 (01 = 10 Hz

% Wy = 50 Hz

From Fig. 2-6,

For < = 1.0 L - 03
c, w,

0, < L _ 331,
0.3

2-34

D(w)) = —50° = —tan” '(@,7)

ot = 1.1918

w,T = (2)(1.1918) = 2.3835

D(w,) = 67.3°

At | amp response ~ ;21/2 = 0.643
[T+ 1.19187]

At w, amp response ~;21/2 = 0.387
[l + 2.3847]

2-35

®w = 3 Hz = 18.85rad/s 7 = 0.5 sec

®(w) = —tan — 1[(18.85)(0.5)] = —8.39°
1

———— = 0.1055
[1+ (0)1)2]1/2

236
Ty =35°C T, =110°C  T(8 sec) = 75°C

- 11 -
75 O_e[/T

35110
L _ 07621
T

7 = 810.7621 = 10.497 sec
90% rise time = 2.3037 = 24.174 sec

2-38
static sens = 1.0 V/kgf

output = (10)(1.0) = 10.0V

2-39

rise time = 0.003 ms
1

"= R =01

L 786x10°
RC

RC =1303x10°°
R in ohm, C in farads
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2-42
7 = 0.1sec Ty = 100°C T, =15°C
T@®) =17°C
1715 _ o1
100 — 15
t
0.1
t = 0.375 sec

=3.75

2-43
l J—
[1 + (0)2’)2]1/2

wt = 0.4843 w to 4.84 rad/s
®(w) = —tan '(0.4843) = —25.84 = 0.451 rad
At = 0.451 = 0.093 sec
4.84
2-44
® = 500 Hz @, = 1500 Hz o _1
o, 3
1
0.98 = - —
1)2 S\
Hl -(47] +[@l]e)
£ — 0619
CC
2-45

t =1x10 %sec = 90% rise time

ol —RI—C(1><10—6)
d =@

RC = 434 x 107

R in ohm, C in farads

2-46

At = 2 hr
1 27 _5

o = — cyc/hr = ——— = 9.27 x 10" “rad/sec
24 (24)(3600)

Af = 2hr = 3600sec — 2@

0
O(w) = 0.2618 rad = —tan(wr)
ot = 0.2679
= &795 = 3685sec = 1.024 hr
7.27 x 10~

1

Amp. response = ————

= 0.966

SM: Experimental Methods for Engineers
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2-47
m = 13kg k =100 N/m

172
o, = L3 = 100 = 8.77 rad/s
m 1.3

¢, = Wmk = 2[(1.3)100)]'"* = 72.11

£ =10
CC
From Figure 2-8, w, t = 3.6 for 90%.
t = 36 = 0.41 sec
8.77
2-48
L =01

Ce

From Figure 2-9, @,,t = 3.1.

t = i = 0.353 sec
8.77

2-49
X _09 £ 15
X0 Ce

From Figure 2-9 w,t = 6.2, t = % = 0.71 sec.

2-50
t =1lsec, w,t =877
¢ =57 €37 o9
¢, 7211
From Figure 2-9, X8
X0
2-51
Rise time = 1072 s
AtL =10 and = =009, o, ~3.6,0, = 3.7 %102 rad/s
Cc .X'O

f =57x10"' Hz = 570 GHz

2-52
m = 1000 Ibm = 2203 kg
k= w — 8000 Ibf/ft = 117,000 N/m
iV
12
0, = K _ 117,000 = 7.29 rad/s
m 2203
A =09 £ =10 w,~36
X0 Ce
r= 38 _ 04955
7.29

Chapter 2
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2-53
Ty, =20°C T, =125°C t = 0.05sec
e =01
7 = 34.54 sec
T 125 _ 1) _ 4%
20 — 125
T(t) = 20.15°C

2-54
1 X8 _ 0.02088 Ibf-sec/fi?

m-S
2-55
English units

p = b/}, u = fi/sec
x = ft, u = Ibm/s-ft

SI units

p = kg/m3,u = m/s

x = m, £ = kg/m-s

2-56

SI system

g=mis%, f=1/°C, p=kgm’
AT = °C, x = m, 4 = kg/m-s
English system

g = f/s?, B = 1°F, p = lbm/ft®
AT = °F, x = ft, u = lbm/ft-s

2-57

W-cm 0.01 m/cm

20 X cN\2 2( 500
in?°F  (2.54 cm/in))2(0.01 m/cm) (5 c/ F)
Woem 279 = WimC

in“-°F

2-58

Ty = 45, T, = 100 rise time = 0.2s 7(0.1s) = ?
0.2 = 23037, 7 = 0.0868 s

(T —100)/(45 — 100) = exp(—0.1/0.0868) = 0.316
T = 82.6°C

2-59
m = 6000/4 = 1500 Ibm = 3303 kg
k = 1500/(1/12) = 18,000 Ib/ft = 263,250 N/m

w, = (263250/3303)"? = 8.93 rad/s

10
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For critically damped system:
09 =1—-(1+4+ w,t)exp( —w,t)
Solution is w,t = 3.8901

t = (3.8901)(8.93) = 0.435s

2-60

o = 400Hz, o, = 1200 Hz w/w, = 400/1200 = 1/3

0.98 = 1/{[1 — (113)*T* + [@)(c/c)(1/3)*}?
cle, = 0.619

2-61

Insert function in Equations (2-38) and (2-39), manipulate algebra and the indicated result will be given.

2-62

At =15h, @ = 1/24 cyc/h = 27/(24)(3600) = 7.27 x 1077 rad/sec

(1.5)(3600) = 5400s = @(w)/®
#w) = (5400)(0.0000727) = 0.3926 = —tan™~ ' (e7)
wr = 0414

7= 0.414/727 x 107 = 5695s = 1.58 h

2-63

Ty =45 T, =100 T(6s) =70
(70 — 45)/(100 — 45) = exp(—6/7)

7 = T7.6ls

For 90% rise time exp(—17/7.61) = 0.1
Rise time = 17.52's

2-64

Insert function in Equations (2-38) and (2-39), manipulate algebra to give the indicated result.

2-65

T=28s, Tp=40, T =100
Rise time = 2.3037 = 18.424 s
T(99%) = 99° C

(99 — 100)/(40 — 100) = exp(—t/8)
t =3275s

2-66
@w=5Hz, 7 = 0.6s

o = 2n)(5) = 31.4rad/s

Hw) = —tan” (w7) = —8.7°

U[1 + (@7)°1"? = 0.053

2-67

A =15 @ = 0.01 Hz = 0.0628 rad/s

() = —tan~ ' wr = —tan"'(0.0628)(8) = —26.7°
Attenuation = 1/[1 + (w7)°]"? = 0.894

11

Chapter 2



Chapter 3

3-1
READING X; di=x —x, | (x, — x,)? x 10
1 100.0 ~0.09 0.81
2 100.9 0.81 65.61
3 99.3 ~0.79 62.41
4 99.9 —0.19 3.61
5 100.1 0.01 0.01
6 100.2 0.11 1.21
7 99.9 ~0.19 361
8 100.1 0.01 0.01
9 100.0 ~0.09 0.81
10 100.5 0.41 16.81
1000.9 154.90

n

1
=— = —(1000.9
Y = 4 H 10( )

=
Il

—_
(=]
<
(=]
O

Z(x" =)’ 12

o= |-= — | (1.549)
n—1 10 —1
d
o = 0.414; all “M8X < ] 96 (Table 3.4)
o
o 0414
0, = = =——" =10.131
" dn 10

By Table 3.3, we have:

=100.09 — 0.131(2.15t0 1)
=100.09 + 0.262 (21to 1)
= 100.09 £+ 0.393 (356 to 1)

Xm

3-2
P = VI = (110.2)(5.3) = 584.06 Watts
P = P(V,I)
12
op V¥ (ap. YV
v =5 ] (5
Wp = {[(5.3)0.2) + [(110.2)(0.06)]*}"/?

Wp = 6.7 Watts or 1.149%

12
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3-3
A=WL o4y Ay
ow JL
2 21/2
04 04
Wy =||—Ww, =~
o o]+ L3em

Wy = {[150)0.0DT + [(50)(0)]*}'"

W, =15

We want to find W, with W, = 150% or 1.5
-.2.25 = {[(150)(0.0D)]* + [(50)(W, )*}'/?
W, = 40.0336 ft

3-4
Series
Rr =R + Ry Ry _ 9B _
oR, oR,
S 12
ORy ORp
Wer = || —+ + | —WR
RT R, R 3R, 2

Wer = {{1)O0.DT + [(1.0)(0.03)*}”> = 0.1044 ohms

Parallel
Rp = RiR,
R+ Ry
aRT _ (R + R)(Ry) — RRy .aRT _ (R + )R — RR,
OR, (R + R, OR, (R + Ry’
2 5 2 L2
(R + Ry) (Ry + Ry)
5 512
= —2500 0.0 + 10,000 (0.03)
22,500 22,500

Wgr = 0.01338 ohms

3-5
25 ohm series arrangement

Wp = {20(1)(0.002)*}"2

Wr = 0.0283 « .- lowest uncertainty should be used.

100 ohm parallel arrangement

R + R, 2
OR IR _ (R + R)R, — RR, _ 20,000 — 10,000 1
oR,  OR, (R, + Ry)? 40,000

1
Hos

) 12
] = 0.0354 ohms

WR” = {2

13

4
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x y
2040 33.2
2580 32
2980 a27]| " Chart Title
3220 57.8
3870 126 ol
1690 174 .
2130 21.4 .
2420 27.8 e
2900 52.1 . ** .
3310 43.1 ] y
1020 18.8/ | '° ——Power (y)
1240 19.2 1000 10000
1360 15.1 *
1710 12.9
2070 78.5
From (2)
n n n n n
2abY “Inx; +ay In(nx) = Y Iy +bY Inx; + Y In(lnx)
i=1 i=1 i=1 i=1 i=1
By solving simultaneously:
n
D
a=1b=-1= 5207 _ 452
n 115.13
Zlnxi
i=1
V= 0452
y X Iny Inx Ve d; |d,-|
33.2 2040 3.50 7.63 31.2 2.0 2.0
32.0 2580 3.46 7.85 35.0 -3.0 3.0
42.7 2980 3.74 7.99 37.0 5.7 5.7
57.8 3220 4.05 8.08 38.5 19.3 19.3
126.0 3870 4.84 8.26 42.0 84.0 84.0
17.4 1690 2.86 7.42 28.6 —11.2 11.2
21.4 2130 3.06 7.66 32.0 —10.6 10.6
27.8 2420 3.32 7.80 34.0 —6.2 6.2
52.1 2900 3.95 7.97 36.8 15.3 153
43.1 3310 3.76 8.10 38.8 4.3 4.3
18.8 1020 2.94 6.94 23.0 —4.2 4.2
19.2 1240 2.95 7.13 25.0 —5.8 5.8
15.1 1360 2.72 7.21 26.0 —10.9 10.9
12.9 1710 2.56 7.45 29.0 —16.1 16.1
78.5 2070 4.36 7.64 31.8 46.7 46.7
52.07 115.13 245.3

14
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di = i = Ve

n n

— 1 — 1 1

|d;| = - g 1 |d;| = - E 1 Vi = el 3[2453]
i= =

|d;| = 16.4

3-7
1/2
n

Z(xi - xm)2

L= B [61.08 }“2
n—1 9
=26
P(x) — ;e_(x_xm)z/zo-z
o227
1 1
P(x,,) =

ol2r  2.62.5)
P(x,,) = 0.154 < not a very good player

Xy = %Zx,- — %2(30 +dy)

x,, = 30.6 < the player should toss easier

Toss Deviation | (x; — xm)2

1 0 0

2 +3 9.00

3 —4.2 17.70

4 0 0

5 +1.5 2.25

6 +2.4 5.78

7 -2.6 6.80

8 +3.5 12.25

9 +2.7 7.30

10 0 0

61.08
3-10
+1

P = ﬁfﬂl 67'72/252’77 where 77, = %1_

153

1 2 . .
020 = —— e T'%dn « interpolating in Table 3-2: —— = 0.441
N2 j:) 7 P g 347

1 = 0.5244

o= — 0955
m

15
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Chapter 3
n= 075 = 0.785 « using Table 3.2 we find
0.955

P = (2)(0.284) = 0.568
.. Probability of error of 0.75 volt = 43.2%

311
For 5% F’s and 5% A’s
p—ol! fﬂl _”z/zdn 0.90 — Table 3.2 1.645
= —_— e = L. — aole 5.42: = 1.
N2 JJo h
o =L wherex; = 15,0 = 9.12

h
ifx; =5, = 0.548 — Table 3.2
P = 2(0.20797) = 0.416
5% A’s and F’s; 24.2% B’s and D’s; 41.6% C’s
For 10% A’s and F’s
P =080 — Table3.2 — r = 1.282
15

o=——=11L7
1.282

ifx; =5, = 0428 — Table 3.2
P = 2(0.16567) = 0.3314
. 10% A’s and F’s; 23.43: B’s or D’s; 33.14% C’s

For 15% A’s and F’s
P =0.70 — Table3.2 — 7 = 1.036
15

o=——=145
1.036

ifx; = 5 m = 0345 — Table 3.2
P = 2(0.13495) = 0.270
15% A’s and F’s; 21.5% B’s and D’s; 27% C’s

16
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3-12
X y x-x1 y-y1 (y-y1)/(x-x1)
1 1.9 0 0
2 9.3 1 7.4 7.4
3 21.5 2 19.6 9.8
4 42 3 40.1| 13.36667
5 115.7 4 113.8 28.45
140 Chart Title
120 S
= 10.064x* - 34.356x + 30.44 /
100 1 R? = 0.9694 /
80
o0 /
p A =
. // Poly. (v)
0 & — ; r r
0 1 2 3 4 5 6
X
3¢ Chart Title
25
20 y = 6.6717x - 8.5967 /
R? = 0.83
15 /
pdi
10 .
5 /’/ o (y-y1)/(x-x1)
0 ' ‘ ' ' ' —Linear ((y-y1)/(x-
o ( 2 3 4 5 q x1))
X
I I I [ I
3-13
Temperature Total production Number rejected Number non-rejected
T 150 12 138
T, 75 8 67
I; 120 10 110
T 200 13 187
545 43 502

17
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Apply Chi-Square Test:
F=n—-k F=3 n = 8 (number of restrictions from number of
observations )
k=5

expected rejection rate = il = 0.079
545

S 2
expected non-rejection rate = % = 0.921

(ﬁ - 0.079)2 (i - 0.079)2 (ﬁ - 0.079)2 (A - 0.079)2

2 \150 75 120 200

Jr
0.079 0.079 0.079 0.079
2 2 2 2
138 67 110 187
(ﬁ—o.921) . (f—o.921) (m—0.921) (m—oyzl)
0.921 0.921 0.921 0.921

= [0.1266 + 96.89 + 2.38 + 24.81 + 0.0109 + 8.3110 + 0.2039 + 2.13] x 1074

7% = 134.8624 x 1074 = 0.0135
From Table 3-5 — p > 0.995
We conclude that the rejection rate is dependent on the temperature at which the cups are molded.

3-16
Cc D

1
2
3
4 |Read X Dev Dev/sigma
5 |1 49.36 =B5-$C$17 =C5/$C$18
6 |2 50.12 =B6-$C$17 =C6/$C$18
7 |3 48.98 =B7-$C$17 =C7/$C$18
8 |4 49.24 =B8-$C$17 =C8/$C$18
9 1|5 49.26 =B9-$C$17 =C9/$C$18
1016 50.56 =B10-$C$17 =C10/$C$18
1117 49.18 =B11-$C$17 =C11/$C$18
1218 49.89 =B12-$C$17 =C12/$C$18
13]9 49.33 =B13-$C$17 =C13/$C$18
14110 49.39 =B14-$C$17 =C14/$C$18
15
16
17 MEAN= =AVERAGE(B5:B14)
18 STDEV= =STDEV(B5:B14)

18
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A B C D
]
2
3
4 |Read X Dev Dev/sigma
5 1 49.36 -0.171| -0.34515
6 2 50.12 0.589| 1.188858
7 3 48.98 -0.551| -1.11216
8 4 49.24 -0.291| -0.58736
9 5 49.26 -0.271 -0.547
10 6 50.56 1.029| 2.076969
11 7 49.18 -0.351| -0.70847
12 8 49.89 0.359| 0.724618
13 9 49.33 -0.201| -0.40571
14 10 49.39 -0.141| -0.2846
15
16
17 MEAN= 49.531
18 STDEV= 0.495434

A B C D E
1 Eliminate
2 point 6
3
4 |Read X Dev Dev/sigma
5 1 49.36| -0.05667| -0.15773
6 2 50.12| 0.703333| 1.957673
7 3 48.98| -0.43667| -1.21543
8 4 49.24| -0.17667| -0.49174
9 5 49.26| -0.15667| -0.43607
10 6
11 7 49.18| -0.23667| -0.65874
12 8 49.89| 0.473333| 1.317486
13 9 49.33| -0.08667| -0.24123
14 10 49.39| -0.02667| -0.07422
15
16
17 MEAN= 49.41667
18 STDEV= 0.35927
;g Uncertainty = 0.35927/920.5 =
51 0.11976 | : 1
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3-20
n =100 x, = 6.826 ft

a. £0.005 ft = :E%O'

o = 001{t

p[%] — (2)(0.19146) = 038292

38.92 out of 100 readings.

b. £0.02 ft = £20
P(2) = (2)(0.47725) = 0.9545
95.45 out of 100 readings

c. £0.05ft = 50
P(5) = (2)(0.49999) = 0.99998
100 out of 100 readings

d. +£0.001 ft = +0.10
P(0.1) = (1)(0.0398) = 0.0398
3.98 out of 100 readings

3-22
Ryom = R + Ry = (10* +10%) ohms = 1.01 x 10® ohms

5 1/2

8RTotal +

or, n

RTolal

2
8RTotal W
oR, R

8RTotaI =1 aRTotal =1
R, R,

Wp, = (10°)(0.10) = 10° ohms

Wp = (10%)(0.05) = 500 ohms

Wgr = 100,000 ohms
Total

5
a = Ll% % 100 = 9.9%
Tt 1.01x 10

3-23

n
1 1
Xy == E 1 x; = T5(46.45) = 4645 cm
1=

20
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Reading X, cm d; = x; — x,, (x, — xm)2 x 104

1 4.62 —0.025 6.25

2 4.69 0.045 20.25

3 4.86 0.215 462.25

4 4.53 —0.115 132.25

5 4.60 —0.045 20.25

6 4.65 0.005 0.25

7 4.59 —0.055 30.25

8 4.70 0.055 30.25

9 4.58 —0.065 4225

10 4.65 —0.015 2.25

) 46.45 746.50

o= | zn:( —x,)| = {1(746 50 x 1074 " 0.0911 cm

=1 2 Xp — X)) | = 9 . = 0.

The acceptable maximum value of i = 1.96 (Table 3.4)

o

At reading 3ﬁ = 2.49 — - reading 3 can be eliminated.
o

With the elimination of reading 3: x,, = 5(41.59) = 4.621 cm.

Reading | d; = x; — x,, | (x, — xm)2 x 10*
1 —0.001 0.01
2 0.069 47.61
3 —0.091 82.81
4 —0.091 82.81
5 —0.021 4.41
6 0.029 8.41
7 —0.031 9.61
8 0.079 62.41
9 —0.041 16.81
10 0.009 0.81
z 232.89
1 1/2
o = |5(23289 1074
o = 0.0539 cm
3-25
Group Service Calls Expected Calls
A 10 8
B 6 8
16 16

21
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Y2 _ u [(observed value); — (expected value)l-]2
— (expected value);
1=
F=n—k n = 2 = number of observations
2 2
DGR Lok M () ML UL Y
8 9 2 2

From Table 3.5, P = 0.3425

K:l:

SM: Experimental Methods for Engineers

number of restrications

.. There is a 34.25% change that Group A was harder on the equipment than Group B.

3-26

Read Viscos
1 0.04
2 0.041
3 0.041
4 0.042
5 0.039
6 0.04
7 0.043
8 0.041
9 0.039

MEAN =
STDEV =
VAR =

0.040667
0.001323
1.75E-06

3-27
Least square bu spreadsheet

6

X y 51

R? = 0.9835

y = 0.6721x + 0.2955

Chart Title

P

0.9 1.1 4
2.3 1.6

3.3 2.6
4.5 3.2|| 2

5.7 4 , .'/

6.7 5

ey
—Linear (y)

22
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3-28
X
1.21 1.2
1.35 1.82
2.4 5
2.75 8.8
4.5 19.5
5.1 32.5
7.1 55
8.1 80
| 90
80 y .
70
[l 60
H 50
| 40
| 30 L
20 *
10 *
0 hd ,
| 0 2 3 4 5 8 9 [*Y
X
100 Chart Tile
y = 0.8642x2 1514
R? = 0.9948
10
1 ¢y
1 1= Power (y)
X

23
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3-29
X
0 9.4
0.43 7.1
1.25 5.35
1.4 4.2
2.6 2.6
2.9 1.95
4.3 1.15
I
9? Yy
8
7 &
6
5 L J
4 [ ]
3 ®
2 \ 4
1 .
0 v - .
0 1 3 4
X
10 Chart Title
(d y = 9.04789.0'4”“
R? = 0.9904
L)
oy
1 T T
0 3 . | _—__Expon. (y)
X

24
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3-30
R N
12 2
20 2.5
30 3
40 3.3
100 5.3
300 10
400 11
1000 17
3000 30
35 N
30 .
25
20
L J
15
10 *®
2 [+N]
04 . . . . : .
0 500 1000 1500 2000 2500 3000 3500
X
| I I |
100 Chart Title
y = 0.56577x%4%7
R? = 0.9
10

-

25
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3-31
A B C D
1
2
3 _|Rd No Res Dev Dev/sigma
4 |1 12 =B4-$C$18 =C4/$C$19
5 |=A4+1 12.1 =B5-$C$18 =C5/$C$19
6 |=A5+1 12.5 =B6-$C$18 =C6/$C$19
7 |=A6+1 12.8 =B7-$C$18 =C7/$C$19
8 |=A7+1 13.6 =B8-$C$18 =C8/$C$19
9 |=A8+1 13.9 =B9-$C$18 =C9/$C$19
10 |=A9+1 12.2 =B10-$C$18 =C10/$C$19
11 |=A10+1 11.9 =B11-$C$18 =C11/$C$19
12 |[=A11+1 12 =B12-$C$18 =C12/$C$19
13 |=A12+1 12.3 =B13-$C$18 =C13/$C$19
14 [=A13+1 12.1 =B14-$C$18 =C14/$C$19
15 [=A14+1 11.85 =B15-$C$18 =C15/$C$19
16
17
18 MEAN= =AVERAGE(B4:B15)
19 STDEV= =STDEV(B4:B15)
A B C D
1
2
3 |RdNo Res Dev Dev/sigma
4 1 12| -0.4375| -0.65247
5 2 12.1] -0.3375| -0.50334
6 3 12.5| 0.0625| 0.093211
7 4 12.8] 0.3625| 0.540622
8 5 13.6 1.1625| 1.733719
9 6 13.9 1.4625| 2.18113
10 7 12.2] -0.2375| -0.3542
11 8 11.9] -0.5375| -0.80161
12 9 12| -0.4375| -0.65247
13 10 12.3| -0.1375| -0.20506
14 11 12.1] -0.3375| -0.50334
15 12 11.85| -0.5875| -0.87618
16
17
18 MEAN= 12.4375
19 STDEV= 0.670524
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A B C D E

1 Eliminate

2 point 6

3 |RdNo Res Dev Dev/sigma
4 1 12| -0.30455| -0.59586
5 2 12.1| -0.20455| -0.4002
6 3 12.5| 0.195455| 0.382416
7 4 12.8| 0.495455| 0.969381
8 5 13.6| 1.295455| 2.53462
9 6

10 7 12.2| -0.10455| -0.20455
11 8 11.9]| -0.40455| -0.79151
12 9 12| -0.30455| -0.59586
13 10 12.3| -0.00455| -0.00889
14 11 12.1] -0.20455| -0.4002
15 12 11.85| -0.45455| -0.88934
16

17

18 MEAN= 12.30455

19 STDEV= 0.511104

2? Uncertainty = 0.511104/11A.5 =
oY) 0.1541
3-35

12
Wp

P _ iy

2 2

w W,
EJ +[ R]
E R

1/2

W, 2
0.01414 = | (4)(0.01)% + [TR]
% = [-2.0006 x 104"/

Impossible to achieve the 1.4% with this method.

3-36
Nominal value
1/2
(2)(32.171.'3—m.i)(25M)
i = (0.92)(1.0 in?) 2\ int g g 0f
(5335 BER )(530°R) in

= 0.25963 Ibm/s

e + 0.001) = | 222115 = 10010865
0.92

dom _ 0.001086m

== = 1086967
dc 0.201

(4 + 0.001) = 1.001r

i _ 0.00L _ o

a4 0.001

27
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1/2
m(p + 0.01) = m[% — 1.000199
din_ 0000199
op 0.01
1/2
m(Ap + 0.001) = m[% — 1.000357m
driv_ 0.000357r _ 1o
dAp 0.001
12
T+ 0.1) = |20 | = 0.9999067i
530.1
I 54306 x 104
oT

Wi = m[(1.08696)2(0.005)% + (1)%(0.001)> + (0.02)%(0.5)> + (0.357)%(0.005)>
+ (=9.433 x 107H%(2)21?
= 0.01172s
= 1.172%

3-37

Example 3.2

Wg =1.0 W, = 0.1 We = 0.1

2

a. P = £
R

2
Nominal # = 1907 _ 1000 w

2
P(E + 0.1) = P[%] = 1.002001P

oP _ 0.002001

— = 0.02001P
JoE 0.1

PR + 0.01) = P| 2| = 0.9990009P
10.01

P 099P — P

= = —0.0999P
oR 0.01
Wp = P[(0.02001)%(1.0)*> + (—0.0999)*(0.1)*]"/
= 0.02236P
= 2.236%
b. P = EI
PE + 01 = P[220 o01p
100
9P _ o1
OE
P(I + 0.01) = P[%] = 1.001P
9P _g1p
ol

28
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Wp = P[(0.01)>(1)> + (0.1)3(0.1)*]"2
= 0.01414P
= 1.414%

Example 3.3
E2

(501)(5) — CO°

P(E +1) = p|————1000
2250

= 1.001777P

9P _ 001777

oE

(500)°

500)(5.01) —

P(I 4+0.01) =P (500)65-0D ~ “goq
2250

= 1.002222P

B_P = 0.2222P
ol

PR 1) - P (500)(5) — 300°
+1) = p|———1001
" 2250
= 1.000111P
9P 0.000111P
R,
Wp = P[(0.001777)2(5)% + (0.2222)%(0.05)% + (0.000111)%(50)*1"2
= 0.01527
= 1.53%

Ym =

y.
L _ 175 5919
6

n

2
D 0i = ym) = 10728

1/2

o, = [—10'728 = 1.465
5
17264 x 102
Oy y= || = 0.2099
’ 4
1/2
oo | 0004406177 o609
2.146

29
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3-40
log N = —0.253 + 0.497log R

- logN 7167
Ym = Z 9 T = 0.7963

1/2
] = 0.2853

2 0.6514
D G =) = 06514 o = [

9-1

2
> “(ogN; —logN;)” = 0.0017717

12

S (175715 S
9-2
5 12
PR 0.01591 — 0.998
0.2853
3-42
AT — Ty, —T.) = (T, — T.,)
" h T}zl_T;’]
2 7}12_Tcz
Ty, = 100, T, = 80, I, =75T,=255
Wy = £1°C
AT, (nominal) = 25— 25 =25
In( %)
ATm(Th1 + 1) = 25.49673
AL, = 0.49673
E)Th1
AT, (T, +1) = 25.49673 AL, = 0.49673
2 E)Thz
AT, (T, + 1) = 24.49659 ATy, = —0.50341
1 aTcl
AT, (T, + 1) = 24.49659 AT, = —0.50341
2 BTC2
1% _ 2 241/2
AT, = [(2)(0.49673)" + (2)(—0.50341)"]
= 1.00016°C
3-44
Rl == 1,R2 == 1.5,R3 = 3,R4 = 25 kQ
Wi = 10% E=100V £1V
2
p_ £
R
1 1 1 1
=EY—+—+—+—

R, R Ry R,
_(100)2[1+§+§+0.4]

=24W

30
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P(R, + 0.01) = 23.901 9P _ g
R,
P(R, + 0.01) = 23.956 KL
IR,
P(R; + 0.01) = 23.989 L
IR,
P(Ry + 0.01) = 23.984 P 6
R,
Wp = [(99)%(0.1)> + (44)%(0.15)> + (11)%(0.3)> + (16)%(0.25)*1"2
= 1298 W
= 5.41%

3-45

Va

V, = auto speed
: V,, = V measured
Vin

V, = auto speed

V,, = V measured

V, =V, cos@ Wy = +10° W, = +4%
%: cosé %:—VmsinH

m
Wy = [(cosHWVm )2 + (=, sin 49W9)2]1/2

D) 1/2

W, /4

e _ [ P | 4 (tan OW,)?

Va m
Wy

6 = 10° < = (0.0505
Va
Wy

6 = 20° < = 0.0751
Va
Wy

6 = 30° 2 = (.1083
Va

Section 3.5

Take V,, = 25, W, =1
6 =20°, Wy =10°, V, = 23.492

V,V, + 0.1) = %IVQ = 1.004V,

c0s20.1
cos20

V(6 + 0.1) = v, = 0.99936V,

31



Chapter 3

Wy _ 0004 _ o0,
v, 0.l
—4
W, _ 6368x 107* o
20 0.1
Wy = V,[(0.09*(1)° + (0.006368)°(10)*]"
= 0.07527,
= 7.52%
3-47
noo1 2 3 4 5 6 71 8
7 1011 998 999 1002 1005 99.6 1009 99.7
> 1 = 10002.1 T, = 100.21
> T - L) =271
1/2

o= [ﬂ] = 0.521°C

10
3-48

n 1 2 3 4 5 6 7

T 1011 99.8 999 1002 100.5 99.6 100.9
> x = 14003 Xy = 14'303 = 2.00043

Z(x — 2,000 =3.7%x107°

37x105 )
- x—] —23x107°
7
3-49
120 rocks x, = 6.8 cm®
o =07cm’

x = 6.5 cm’ to 7.2 cm®

X = Xy ~ 031004 cm’
= 0430100570

n=043 [ =0.1664

n=057 [ =021566
0.38206
Number in this range = (120)(0.382) = 46 rocks

32
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3-51
X y
4 105
5.3 155
11 320
21 580
30 1050
50 1900
2000
1800 y hd
1600
1400
1200
1000 L
800
600 *
400 .
20(()) o oy
0 10 20 30 40 50 60
X
{ T T
10000 Chart Title
y = 22.393x"-'185
1000 V
100 .
10
¢y
1 .
| 1 10 wPf)wer )
X
I I I I
3-52
y =2—03x + 001>
Y _ o34 (2)(0.01)x
ox

Atx =2,y =144
at W, = 1% W, = [-0.3 + (2)(0.01)(2)](0.01)
= —0.0026

W
Ty 00026 0013
y 1.44

33
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Atx =0, y =2
Wy =1% W, = —(0.03)(0.01) = —0.003

W,

Y — _0.003 = —0.0015
y 2

3-53

0.0lx> —03x+2=1y

(2)(0.01)x% _03%

dy dy
Atx = 2, a_x !

- — 3846
Jy (0.04 — 0.3)

y = (0.01)(2)* — (0.3)(2) + 2 = 1.44
W, = Xy (—3.846)(0.01)(1.44)
dy 7
= 0.0554
T — 00277

X

3-54

it = 12 Ibm/min — 5.448 <& _ 00908 X&

min S
d=05m=00127m
U = 4.64x 1072 Ibm/hr - ft = 1.92 x 107> kg/m - s

Re — (4)(0.0908)

—- = 474,000
7(0.0127)(1.92 x 107°)
5 5 H 172
e o
Re d m y7i

12
[ 0.005

2
2 2
o5 ] + (0.005)* + (0.01)

= 0.015
Wie = (0.015)(474,000) = 7112

3-56
100 mi/hr = 146.7 ft/s = 44.7 m/s
r=5m
Nominal values @ = 447 = 1.423 lap/s
27(5)
4
4 laps: AT = —— = 2.81sec
1.423

At=1H—-1t W, = 0.2sec

34
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5 L
War = |)7Wa + (=)W,

= 0.2828 sec
W, _ 0.2828 01006
AT 2.81
3-57
t y
0.1 0.9
0.5 0.8
0.9 0.4
1.2 0.3
1.7 0.2
2.3 0.1
4.6 0.01
1
0.9 +e y
0.8 >
0.7
0.6
0.5
0.4 TS
0.3 *
0.2 TS
0.1 . ‘ ¢ V]
0 r .
0 1 2 5
X
1 . ot
d » Chart T|t|e3 4
0.1
y = 1.0864¢"-0218%
R? = 0.9956
0.01 o
¢y
0.001 Expon' (y)
X
T | T
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3-58
X XN2 y
-1 1 0.01
-0.8 0.64 0.35
-0.6 0.36 0.65
-0.4 0.16 0.82
0 0 1
0.4 0.16 0.83
0.6 0.36 0.64
0.8 0.64 0.34
1 1 0.01
12 Chart Title
)
y = -0.9867x + 0.9903
0.8 \ R? = 0.999 ]
0.6 \
0.4
0.2 \
0 . : : \ ¢y
0 0.2 0.4 0.6 0.8 1 —Linear (y)
X
| 1
: 2 y
B * o8 .
B d 06 *
|| . 0:4 .
— -1.5 1 -6.5 015 1 1.5 M
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3-59
1 | |
*&Hart Titie |
s y = -0.9867x% - 0.0023x + 0.9903
/ \ R? = 0.999
/ oo \ oy
/ ) \ —Poly. (y)
-1.5 -1 -0.5 0 0.5 1 1.5
X
| 1 I 1
3-60
x.
n:IO,xm:1.226:Zl
n
12
D0 = )
c=|= = 0.0143
n—1
90% conf. = 1.650 = 0.0236
90% conf. = 1.960 = 0.0280
3-61
n=12 x,, = 125.8333kPa
1/2
Z(xi - xm)
o=~ = 2.3677
n—1
90% conf. = 1.650 = 3.907kPa
95% conf. = 1.960 = 4.617kPa
3-63
X, =11.0V n=9
=003V
5% significance = 1.960 = +0.0588 V
1% significance = 2.570 = £0.0771V
3-64
1.960

o = £0.1kQ; 5% significance = 1.960 for largen = A =

2

nz[w =1537 = 16

0.05

for small n

N

ForA = 0.1, n = [(1.96)(1)]* = 3.84 ~ 4

37
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For ¢ — dist, at 5% significance

A=19 t—05fmv=n—1

N

n  tygs (Table) ¢ (calc)
15 2.145 1.936
16 2.131 2.0
17 2.120 2.062
18 2.11 2.121
n = 18 required

3-65
o=02 V' =500=£02

at V' = 50.2 lo
at V=504 20
P(lo) = 0.34134
P(20) = 0.47725
P(between) = 0.13591

}one side of mean

3-66
X, = 3.56 mm o, =006 n =20
X, = 3.58 oy, =003 ny =23
90 % confidence
0.06> | 0.032 r
20 23
v = 5 > = 27.05 (Round to 27)
[ 0.062 ] [ 0.032 ]
20 23
T}
0.06 — 0.03

t = = 2.03

(2191 x 107412
From table, tg5 = 2.052
2.03 < 2.052, so expect same conf. level.

3-67
X, = 3.632 0, =006 =17
X,, = 3611 0y =002 ny =24

conf. = 90% level

2
0.062 + 0.022
17 24

v = 5 5 = 18.54 (Round to 19)
[ 0.062 ] [ 0.062 ]
17 24
6 T3
t95 == 2093
- 0.06 — 0.02 9647

(2284 x 107412
2.647 > 2.093, so may not yield same results.

38

SM: Experimental Methods for Engineers



SM: Experimental Methods for Engineers

3-68
o = £0.1 A = 0.05

For 5% significance z = 1.96
10% significance z = 1.65
1.96(0.1)

Jn

1.65(0.1)

N

C = cost/part reject

5%: 0.05 = n = 1537 = 16

Q

10%: 0.05 = n =10.89 = 11

M = cost of meas./part
T = total cost
T(5%) = 0.05C + 16M (n =16)
T(10%) = 0.1C + 11M (n =11
0.05C + 16M = 0.1C +11M

C =100M

3-69
1% sig.z = 2.57

2.57(0.1)
Jn

T(1% ) = 0.01C + 27M (n = 27)

T(5% ) = 0.05C + 16M

C = 225M

0.05 = 26.42 =~ 27

3-70

P 125 x 10°
p=—

=—=—" " —1327kg/m’
RT ~ (287.1)(328.15)

’ ) 1/2
W, W W
_,D — [_TJ + _,D + 0
P T P
1/2
[ 0.4 ]2 [ 0.5 ]2
= +
328.15 1.25
= 0.004182
W, = 0.00555 kg/m’
3-72
x=3+01 W, = 333%
y =5xr =45
W, = 10)3)0.1) = 3 = 6.67%
y = 5% =135
W, = 3)S)3)°(0.1) = 13.5 = 10%
y = 5x* = 405

39
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W, = #HG)3)(0.1) = 54 = 13.33%

y:5x2—|—3x+2:56

= [(2)(5)3) + 3](0.1) = 3.3 = 5.89%
3-73
y=3x>-—2x+5=13

SM: Experimental Methods for Engineers

x =2, —§
6
W, = (6x — 2, = (0.01)(13)
SR CL) (E PR
12 -2
e 0013 0065 = 0.65%
X 2
3-74
ht No shts
9.5 105
11.3 122
13.5 142
B 17.4 190
19.9 218
250 Chart Title
200 y = 11.007x - 2.2234 P

+———  R?-09969 /
150 4 /
100

50

25

¢ No shts
—Linear (

No shts)

40
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3-75
| | l I | I l
X y x-x1 y-y1 (y-y1)/(x-x1} I ! ' I I !
) 1.9 0 ) 7 Chart Title |
1 3.6 1 1.7 1.7/ | & y = 04981x + 1.008
2 5.5 2 3.1 1.55] | s LI
3 9.8 3 7.9] 2.63333] | , P
T el —
6 25 6 23.1 3.85 2 . o (y-y1)/(x-x1)
7 35 7 33.1| 4.72857 1
8 40 8 38.1 4.7625 [ ——Linear ((y-y1)/(x-
9 53 9 51.1| 5.67778 0 2 ‘ 6 8 10 12 x1)) i
10 60 10 58.1 5.81 x
I Chart Titie
801 y = 5.9318x - 5.3591 .
s0}l——  R?=00402 °
40
30 /
20 ./‘
Pt
10
NIl , , , oy
10 I/ 2 4 [ 8 10 12 - Linear (y)
x
T T T T T T
70 Chart Title
60 1 y = 0.4760x2 + 1.1731x + 1,779
50 | R? = 0.9968 .y
40 —Poly. (y)
30 e
20 P
" _//
[}
] 2 4 6 8 10 12
x
I L I I I L
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3-76
400 Chart Titie
350 y = 0.002x + 26.18
X 300 R? = 09827
20000 60 250 R
25000 79 | Lo e ~
35000 90| | s o
45000 135) | 00 2
47000 10| | | &~
50000 130 R oy
62000 160 0 50000 100000 150000 200000 [=Linear (y)
65000 150 <
70000 180
75000 190 = L 1 I
80000 191 | 4% Chart Title
90000 200 350 f———————————y = 2E-10x* + 0.0021x + 24.996
100000 210] | 00— R = 00027 ,Z
105000 250 250 3>
200 /'
110000 240 ’/
120000 280 150 X'
135000 300| | 100 e
140000 290 50
145000 330 0 *y
150000 340 0 20000 40000 60000 80000 100000 120000 140000 160000 |=—Poly. (y)
b ¢
T I T
400 Chart Tillg
350 - y = 67.832¢'E0% ie
2
300 | R? = 0.9224 4
250 .
200 -5 -/
150 )}
100
=3
50 L
0 ¢y
0 50000 100000° 150000 200000 (= Expon. (y)
X
Chart Title ]
400 I
350 y = 0.0165x°92% & 7
3004 ————— RZ-= O'QW |
250 2
200 < —
150 — l I
100 7'{ |
50 —
0 ey —
0 50000 100000 150000 200000 |——Power (y) |—]
x I
[ 1 1 T | |
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3-77

X y x-x1 y-y1 (x-x1)/(y-y1)
0 3 0 0
1 3.25 1 0.25 4
2 3.4 2 0.4 5
3 3.4286 3 0.4286| 6.999533
4 3.4444 4 0.4444 9.0009
5 3.5455 5 0.5455| 9.165903
6 3.4615 6 0.4615| 13.00108

| 14 .

L, V=’F';°°‘§9;9‘8' o108 Chart‘;l'utle

: 10 /

/0

|| 8

| ° //

| ¢ ‘ o (x-x1)/(y-y1)

] 2

] o , . ‘ —Linear ((x-x1)/(y-

[ | 0 2 4 6 8 y1))

B X
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3-78
| |
2 Chart Tifis
X y 1/(1-y) VT R e -
0 0 1 0.8
> o tate| 1o214s] °° -
. . ./
3| 0.2592| 1.34989] o+ .
a] 0.3207] 1.49187] ,,| .y
5 0.3935] 1.6488 < ——Linear (y)
6] 0.4512| 1.82216] ° 5 : - : "
7] 0.5034] 2.01369 ! 28
10| 0.6321] 2.71813 *
15  0.7769] 4.48229
20| 0.8647| 7.39098
- 10 Ghart-Fitle
B y=s°"'
B R?=1
| * 10y
[ 1
= [ 5 10 15 20 25| =——Fynon (1/(1-
- X
| | | | 1 [
L :
|| y = -0.0021x* + 0.0834x + 0.0187t Title
| | o81— R? = 0.9979 -y
| | o6 el
i L~
1 o.2 /
0 5 10 15 20 25/—Poly. (y)
] b ¢
I I I
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3-79
X y x-Xx1 y/y1 (y/y1)M(1/(x-x1))
0 2 0 1
0.1 2.0404 0.1 1.0202| 1.221387
0.2 2.1237 0.2 1.06185| 1.349944
0.3 2.255 0.3 1.1275| 1.491839
0.4 2.4428 0.4 1.2214| 1.648712
0.5 2.6997 0.5| 1.34985| 1.822095
0.6 3.0439 0.6/ 1.52195| 2.013727
0.7 3.5103 0.7 1.75515| 2.233677
1 6.0083 1| 3.00415| 3.00415
2| 133.372 2 66.686| 8.16615
3| 21876.04 3| 10938.02| 22.19795
100 Chart Title

10

y = 1.1057¢%°%°%

e (y/yn)r(1/(x-x1))

- Expon.

4 ((y/y1)r(1/(x-x1)))
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3-80

SM: Experimental Methods for Engineers

1100

Freqpara

Coef.

33

1070

64

1087

71

1088

Coef.

1095

1090

1085

1080

95

1090

185

1092

280

1093

350

1093

450

1094

550

1095

1075

1070

1065

*

100 1000

650

1096

1098

1096

1094

1092

1090

1088

y = 1E-07%° - 0.0002x" + 0.0649x + 1084.2

R*=0.9723 ./

1086

e Series1

10

——Poly. (Series1) || |

100 1000

1097

1096

1095
1094

1093

1092

1091

1090
1089

1088

1087

1086

M e Seriesi

100 1000 |—Poly. (Series1)
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3-81
X y 1-y In(x) .984-y 1/(.984-y)
40000 0.957 0.043| 10.59663 0.027| 37.03704
50000 0.962 0.038| 10.81978 0.022| 45.45455
60000 0.966 0.034| 11.0021 0.018| 55.55556
80000 0.973 0.027| 11.28978 0.011] 90.90909
100000 0.977 0.023| 11.51293 0.007| 142.8571
150000 0.982 0.018| 11.91839 0.002 500
200000 0.984 0.016| 12.20607 0
300000 0.984 0.016| 12.61154 0
1000000 0.984 0.016| 13.81551 0
] 0.99
|| y
0.985 s + $
—1 ®
0.98
] °
0.975
1 L J
|| 0.97
| | 0.965 L
- 0.96 hd
L g
—  0.955 . °
|| 10000 100000 1000000
| X
B :
| 1000 Chart Title
y = 13.739¢%E05
| R? = 0.999
— 100
[ | 10
B * 1/(.984-y)

50000

-

100000

X

150000

200000~

——Expon. (1/(.984-y))

47

Chapter 3



Chapter 3

SM: Experimental Methods for Engineers

3-82
| | [ |
25 Bhart Tiia
X 29}y = 4E-05%% + 0.0382x + 0.0907___
-150]  -4.648 s Ri-omes o
-100| _ -3.379 - ~
-50|  -1.819 - Pl
-25 -0.94 5
0 0 $ " T T "
25 0.993 -2po . 100 200 300 400 500
50 2.036 10 ey
75 3.132 x ——Poly. (y)
100 4.279
150 6.704 . r . r r ;
200 9.288 os
| Nhavt Tidtla
300 14.862 y = 1E-11x* 5 BE-08x’ + SE-05x" + 0.0386x - 0.0041
400| 20.872 R?=1 e
2p0 . 1t'>o 2<I>o a;)o 460 500
10 L 2 y
x —Poly. (y)
25 y = -3E-08x° + 5E-05x? + 0.0385x - 0.0015
20 R?=1 e
2po . 160 2(.)0 31')0 460 590
10 oy
x —Poly. (y)
I I [
3-83
Let y = ax3 + bx
12
2 2.2
w, = [azwx3 + b wy
12
2 2 2
Wr y X2 Wx4
—& =|l—]| +10.75 +10.25
R y XZ .X'4
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3-86
X y 1/(1-y) x+1 (1-y)/(1+x
0 0 1 1 1
1 0.2642| 1.359065 2 0.3679
2 0.594| 2.463054 3| 0.135333
3 0.8009| 5.022602 4| 0.049775
4 0.9084| 10.91703 5| 0.01832
5 0.9596| 24.75248 6| 0.006733
6 0.9826| 57.47126 7| 0.002486
10| 0.9995 2000 11| 4.55E-05
1 2 4 gChart Title 1

0.01 \

0.001 \

0.0001 f— v o.9997e‘°-’”"‘xﬁ o (1-y)/(1+x)
R%2=1

0.00001

= Expon. ((1-
X y)/(1+x))
B I I I 1 I
| 10099 Chart Title
| | y = 0.6049¢°777%*
1000 %
- 100
| 10 /
| | 1 ,/ | | |
| 2 4 6 8 10 1R e 1/(1-y)
| 0.1 ——Expon. (1/(1-y))
| x ——Expon. (1/(1-y))
| 1.2 :
y
L R
| . * ° ”
| o8 -
|H 0.6 . 4
1 0.4
i [ ]
|| 0.2
I
| 0 2 4 6 8 10 12
X
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3-87
X y y/y1 (y/y1)A(1/(x-x1))
0 2 1
0.1 2.7629| 1.38145|25.31347
0.2 3.793| 1.8965|24.53377

0.3 5.3825| 2.69125)|27.11316
0.5 11.5092| 5.7546| 33.11542
0.8 41.8105]| 20.90525| 44.7012
1| 109.1963| 54.59815| 54.59815
2 44052.9| 22026.45| 148.4131
3/131000000/65500000| 403.1009

| 1000000000
B 100000000 *
B 10000000
H 1000000
H 100000
H 10000
H 1000
| 100

i 10 -

.
Y XA
0 0.5 1 1.5 2 2.5 3 3.5

[ 4

1000

(y/yt)r(1/(x-x1))
L ]

L J

100

e *

|T(y/y1)A<1/<x-x1>) |

0 0.5 1 1.5 2 2.5 3 3.5

1000

Chart Title
y = 20.749¢" %%
R? = o.ssa/
100 /

10

¢ (ylyn)r(1/(x-x1))

25 — Expon.
((y/y 1)~ (1/(x-x1)))

I I I
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3-88

(04 = (—x)e ¥ + e *()
ox

=(1-x)e "
Atx =5 y=1+(1+5e° = 1040427
W, = (0.01)(1.040427) = 0.01040427

3 P 1/2
w, =||Z| w?
ox

W, = 0.38603

W, 0.3603

—X === = 0.0772%

X 5
3-89

A B C D E | F | G | | J K | L | ™

1 3.89/Student |Actual |Normal | | | | | |
|2 |lindex Score Freq. Freq. 1.2 i ” : ||
3 1 10 o] 0.0016

4 2 15 0| 0.0033 |
5 3 18 0| 0.00497 L]
6 4 21| 0.02778| 0.00734 f ||
7 5 22| 0.05556] 0.00834 — ||
8 6 34| 0.08333| 0.03282 L]
9 7 35| 0.11111] 0.03634 ||
10 8 44| 0.13889| 0.08379 0.8 L
11 9 51| 0.16667| 0.14516 ]
12 10 55| 0.19444| 0.19131 ]
13 11 56| 0.22222| 0.20412 L]
14 12 59 0.25| 0.2455 0.6 [
15 13 68| 0.27778] 0.39206] | ]
16 14 69| 0.30556] 0.40987 ||
17 15 69| 0.33333| 0.40987 Il
18 16 73| 0.36111] 0.48264 0.4 L]
19 17 73| 0.38889| 0.48264 ||
20 18 75| 0.41667| 0.5194 ||
21 19 75| 0.44444] 0.5194 0.2 [ |
22 20 76| 0.47222] 0.53774 —+—Actual Freq. | ]
23 21 77 0.5| 0.55599 —=—Nomnal Freq.| | |
24 22 78| 0.52778] 0.57413 [ ]
25 23 79| 0.55556| 0.59212 0 ||
26 24 81| 0.58333| 0.62747 0 20 40 60 80 100 120 140 ||
27 25 84| 0.61111] 0.67847 |
28 26 86| 0.63889| 0.71076

29 27 87| 0.66667| 0.72631

30 28 87| 0.69444| 0.72631

31 29 89| 0.72222| 0.75611

32 30 89 0.75| 0.75611

33 31 89| 0.77778| 0.75611

34 32 92| 0.80556| 0.79733

35 33 95 0.83333| 0.83407

36 34 96| 0.86111| 0.84529

37 35 99| 0.88889| 0.8759

38 36 99| 0.91667] 0.8759

39 37 100| 0.94444| 0.88508

40 38 100| 0.97222| 0.88508

a1 39 100 1| 0.88508

42 40 102 1| 0.90199

43 41 105 1] 0.92382

44 42 110 1] 0.95171

45 43 125 1] 0.99069
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A B C D E F G H 1 J | K

1 _|Stud Score 3.89Bin Upper Output Other [Par S

2 |Number Bound (calculated)

3 1 22 29.9 Bin Frequency | Cumulative % Mean= 73.9444444
4 2 35 39.9 29.9 2 5.56% STDEV=_ | 22.0064204
5 3 99 49.9 39.9 2 11.11% STDEVP= | 21.6986232
6 4| 87 59.9 49.9 1 13.89% Max = 100
7 5 77 69.9 59.9 4 25.00% Min= 21
8 6 78 79.9 69.9 3 33.33%
| o | 7 89 89.9 79.9 8 55.56%

10 8 100 89.9 8 77.78%

11 9 68 More 8 100.00%

12 10 84 ]
13 11 86 o
14 12 75 o .
5] 13 69 Z 120.00% Hlstogram o
16 14 44

- 15 56 , - 100.00% ]
[ 18] 16 99 ]
19 17 95 .6 g - 80.00% L
20 18 34 0 o D]
21 19 73 S 5 ™| 60.00% B Frequency P
22 20 51 54 o O B
23 21 100 ] 8 | 10000 |- Cumulative % |
24 22 96 w3 B 40.00% ]
25 23 21 2 - 1 R ]
26 24 79 - 20.00%

27 25 87 1 ]
28 26 89 0 i .00% .
29 a o 29.89.919.59.59.99.89. More —
[31] 29 100 Bin B
32| 30, 55 ]
33 31 89 ]
34 32 73 e
35 33 75 T T T T T T T T
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3-90

Set up in Excel with the result:
y = 3.247x + 2.041x, + 1.242x; — 3.864

X1 X2 X3 y

1 32 3 9.5

2 4.5 4 15.6

3 4 5.6 21

4 5.7 6 31

5 6 7 32

6 7 8 41

7 8 9 45

8 9 10 53
1.241881 2.041483 3.247873 —3.86409
5.329923 2.770111 7.06166 17.03189
0.991044 1.881147 #N/A #N/A
147.5351 4 #N/A #N/A
1566.254 14.15486 #N/A #N/A

3-91

Entering in Excel worksheet the solution is
O = 0.5267; — 0.2287, + 34.723

g T, Y

72 85 54.3

72 95 51.8

72 105 49.4

72 115 46.6

67 85 50.4

67 95 48

67 105 45.5

67 115 429

62 85 46.5

62 95 44.4

62 105 422

62 115 40

57 85 45.7

57 95 43.9

57 105 42

57 115 40
—0.228 0.526 34.723
0.023821 0.0476643 3.897265
0.942605 1.065328 #N/A
106.75 13 #N/A
242.306 14.754 #N/A

Chapter 3
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3-92
Lower limit

wyly = [(1/5)* + (0.5/5)* + (0.2/15)*]"2
= 0.0224 = 2.24%
Upper limit
wyly = [(1/100)* + (0.5/100)* + (0.2/100)*1"2
= 0.01136 = 1.136%

3-93

1/2

wy, = W12 + ((1/2)x3/x21/2)2W22 + ((l/2)x2/x31/2)2w32

Lower limity = 20

w, = 2.449

wyly = 0.1225 = 12.25%
Upper limity = 200

w, = 7.1414

wyly = 0.0357 = 3.57%

3-94
Follow procedure described in Example 3.6. Result will depend on values selected for increments in the variables.
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3-95

Excel plot and curve fit shown below

Solution is:
/(1 - C) = 1.149 R, *°

Red C 1-C 1/(1-C)

3000 0.923 0.077 12.98

701

5000 0.935 0.065 15.38462
10000 0.954 0.046 21.73913
30000 0.968 0.032 31.25

100000 0.973 0.027 37.03704

3000 12.98701
5000 15.38462
10000 21.73913
30000 31.25
100000 37.03704

0.98

0.97 .
0.96
O 095 -
0.94

0.93

[oc]

0.92 T

T
0 50000 100000
Red

1
150000

= Power (Series1)

100
y=1.1487x"3%”
R*=0.9584
Q 10 1 ¢ Seriesl
1 ‘
1000 10000

Red

100000

Chapter 3

Follow procedure described in Example 3.6. Result will depend on values selected for increments in the variables.

Follow procedure described in Example 3.6. Result will depend on values selected for increments in the variables.

3-96
3-97
3-98
Excel chart shown below
E T (degC)
65 -150
-4.633 -100 L
2431 -0 1E 0-6»\?, 0002x" +0.0092x” - 0.2251x" + 20409
y + 1E-06x™ - (. X . x - 0. X .409x -
'1‘233 '2(5) 1206 12764 »
2
1277 25 R=1
2.585 50 1000 4
3.918 75
5.269 100 800
8.01 150 /
10.779 200 %) 600
16.327 00 | ¥ /
21.848 400 = 400
27.393 500 /4]5-08)(6 +8E-06x" - 0.0006x" + 0.0
33.102 600 200 20-053x%+0-3059
45.494 800 2
R*=1
57.953 1000 o ‘ ‘ ‘
69.553 1200
-20 20 40 60 8
200 -
-400
emf (mv)
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3-99
Excel worksheet shown below. Deviation column is the difference between the linear relation and the true value.

eps error linear deviation
0.4 0.204729 0.19414 -0.01059
0.5 0.159104 0.16035 0.001246
0.6 0.119888 0.12656 0.006672
0.7 0.085309 0.09277 0.007461
0.8 0.054258 0.05898 0.004722
0.9 0.025996 0.02519 -0.00081

1 0 -0.0086 -0.0086
0.25
0.2 o Y=-0.3379x +0.3293

R*=0.9904
0.15 A
01 . Sf:rlesl .
— Linear (Series])
0.05 A
0 \ g

error

005 0.5 1 115

eps

3-100

Excel worksheet shown below. Using the linear relation the value of #/RC to achieve a response of 63.2 percent is given
by

1 —0.632 = —0.4198(t/RC) + 0.8794

t/RC = 1.218.

This differs from the true value of 1.0 by 21.8%

t/RC E/E0
0 1
0.4 0.67032
0.8 0.449329
1.2 0.301194
1.6 0.201897
2 0.135335

1.2

1 y=-0.4198x
0.8 TN R2=0.9253

0.6 \ . ¢ Seriesl
0. 4 \ — Linear (Seriesl)

0.2 ~N

0 T T

E/E0

t/RC
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3-101

Fitting a combined straight line and parabola.

Information needed:

1. Desired slope of straight line, m

2. Intercept of straight line (i.e., y-coordinate for which x = 0, b).

3. x-coordinate value where straight line and parabola are to intersect, x
4. x and y coordinates of another point on the parabola, x,, y,.
This information can be obtained from a hand sketch.

The equation of the combined curve is
Ye =mx + b for 0 < x < xp.
Ve = ag + ax + a2x2 for xy < x < x, 0]
Setting the slopes equal at x = x; and manipulating the algebra gives for the parabola coefficients.
2 2
ay = [(y2 — ») — mlxy — xPV[(x" — x7) — 2x(x; — x)] (2)
ap = m — 2ay% 3
2
ag = yp — ap¥y" — axp “4)
where

»=mx +b &)

1.2

1A n

0.8

—eo— Seriesl
0.6 —=— Series2

Series3

0.4

0.2

0 T T
0 0.5 1 1.5

Note once again the given quantities are m, b, x;, x5, and y,.

3-102

The above formulas may be programmed into an Excel spreadsheet to plot by themselves, or along with a set

of data for comparison. The attached figure shows results for the set
b =025 x =05 x =10, y, =10, m = 0.1,0.2,0.5.

3-103
Straight line parabola area.
For normalized chart (1 by 1 unit)
Area above curve with initial line segment, connecting to parabola
Area = 2 — b — y)(x/2)
+ (1= ag)xy — xp) — (@/2)(x" = x7)
— (@37 — %)
For normalized chart on x-coordinate, x, = 1.

For normalization on both coordinates, the total chart area is 1.0, so
the area under the curve would be 1 minus above curve.
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3-104

From Excel worksheet below, the resulting correlation is:

R = 4.5049N"7771
Written in the form of Problem 3-30 gives

N = 0.4287R 76?7 (a)
From Problem 3-30
N = 0.5577R%47 (b)
R N (Eq. a) N (Eq.b)
12 1.74 1.87
3000 38.79 27.53
N R
2 12
25 20
3 30
33 40
53 100
10 300
11 400
17 1000
50 3000
10000
(4
1000 -
» 100 - ¢ Seriesl
— Power (Series1)
10 -
y=4.5049x"7"!
1 : R*=0.9823
1 10 100
N
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3-105

From Excel worksheet below
x = 1076504624

In form of Problem 3-28,

y = 0.8526x>1626 (a)
From Problem 3-28,
y = 0.8642x> 1314 (b)
x v (Eq. a) »(Eq. b)
1.21 1.2876 1,302
8.1 78.6 77.83
y X
1.2 1.21
1.82 135
5 2.4
8.8 2.75
19.5 4.5
32.5 5.1
55 7.1
80 8.1
10

10

100

& Seriesl

— Power (Seriesl)

y = 1.0765x"46**
R? =0.9948
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3-106
Worksheet shown below from Problem 3-27
y = 0.6721x + 0.2955

From worksheet
y = 0.6833x + 0.2519

y X
1.1 0.9
1.6 2.3
2.6 3.3
3.2 4.5
4 5.7
5 6.7
8
. y=1.4634x - 0.3683
6 o R = 0.9835
y i : ¢ Seriesl
3 — Linear (Series1)
2 /
1 +
O T T
0 2 4 6
y

60



SM: Experimental Methods for Engineers

3-107

60

79

90
135
110
130
160
150
180
190
191
200
210
250
240
280
300
290
330
340

20000
25000 500000
35000
450000 400000 -
47000 300000 - # Seriesl
L]
50000 200000 - = Linear (Series1)
62000 100000 A
65000 e
70000 0 T T T
75000 0 100 200 300 400
80000 y =298.75x + 45219
90000 ¥ R*=0.076
100000
105000
110000 500000
120000 400000 4
135000 y 300000 - Series1
140000 200000 N ——Poly. (Series1)
145000 100000 m‘.'v 24 )
150000 0 e ‘ " ' : —y=-1 ﬁzéx-z+ 724.11x +9292.4)
0 50 100 150 200 250 300 350 400 R°=0.082
¥
500000
-
400000
. 300000 Series1
200000 3 Expon. (Seriesl)
100000 - M
0 : ! : :
0 50 100 150 200 250 300 350 400 .
y= 2704750 0056x
R’ =0.4523
500000
-
400000
, 300000 4 & Seriesl
200000 =Power (Seriesl)
100000 - W
0 : : : :
0 50 100 150 200 250 300 350 400

y=35827x"04%
R*=0.5342
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41
i
Equation (4-11)—— = ——————
i R Ry
e &)%)

By binomial expansion:

2 3
| A B RNBu || | R Bu|] 4.
% Rm Ri Rm Ri Rm 1
2 3
R R R
=1—-|—|4+|=| =|—| +---
Rz' Ri Ri

If we select the design variable R, large compared to R, then % is small and
i

Lo r S _E,_R
=t R; F R;
Error = i _ & 1-— LS
R, R R;
2
Error = 2R E;
RI[R + R;]
4-3
F = BL = 1)4)0.1) = 04N
X = % =04 m
4-4
T 1/21
1 2
TJo

T
a. Ipys = \%j; 100 cos(t)dr

T 12
0

IOO{T sindT }“2
s

T 12 4
12
} = 0.3642

T

2 4

1 { t sin 2t
+

= 7.071

100 T

b, Ipyq = | —0 =
RMS = 1 7377) 2
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4-5

( 3 )(Rm)
. E m 1
Equation (4-13) T TR VED

R | Ru
o[
E R R ’ R
£ (a2 -]
E; m JA T R; R; i
If we select the design variable R;large compared to R then %
E_Rj|_R
Ez Rl Ri
%)
R, I\ R R R
Error = m—lR —x 1-— r
R m . .
) AR
R
_ & _|R_PR
- R B 2
1+ ® R; R;
R RR-R?
R + R R?
_ RPR — R’R + R* + R’R; — R*R,
RYR; + R]
3
Error = 2R—
R[R; + R]
4-6
= e = — = 2
R + R dR (R +R)
. o ds
For maximum sensitivity, — = 0
i
ds 2F;

— -~
dR; R+ Rl')3

.. The circuit has max sensitivity for R, — oo.

4-7
-2
Equation (4-14) S = dE _ __ER 5 = Ll &
dR (R +R* R R;
E R R RY RY
S =21 22 132 —4|=| +...| where | =
R R; R; i R;

1

63
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If % is very small compared to 1, then we can neglect higher order terms, and
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S = _ER 1— zﬁ
(R +R? R R;
_ Ej| R — RR* — 2R’R — R’ + 2R’ + 4R,R* + 2RR}
R; Ri(R + R;)*
2
Error = —Eili —3Ri + 21;
R R+ R)
4-11
Equation (4-26) E, = E R __ B
R +R, R+ R
g = 3[ 400 — 40 J = 0.584 millivolts
400 + 6000 40 + 602

RRy  _RoRy
R +Ry R +R

Equation (4-24) E, = [,(R + R,) where R =

= 412.5 ohms

 — (400)(6000)  (40)(602)
400 + 6000 40 + 602
0.584x10°

— = 1.118 pgam
g~ 4125+ 110 Hamp

4-12
From Example (4-4) it was found that:

_ ER\Ry — I,[RR|(Ry + R3) + R3RyRy]
Y I+ R+ ROR, + Ry) + ER,
_ (4)(800)* — 0.08 x 107°[(100)(800)(1600) + (800)°]
0.08 x 1075(1 + 800 + 100)(1600) + (4)(800)

256 x10° — 51.20
T 0.115 + 3200
R4 = 799.955 ohms

4-14

RoRy . g = (BO0E00) _ 06 ohms

At balance conditions: R} = R
Ry 400

SM: Experimental Methods for Engineers

Assuming a battery voltage of 4 and negligible internal resistance, some values of /, can be found as Ry is adjusted to the

balance condition. By this means the most current sensitive galvanometer may be observed.

If R = 900 ohms: E, = E LN N 4[ 900 ~_ 4000
R +Ry Ry, + R 1000 4400
E, = 0.04 volts
;- E butk — R RoRs _(900)100)  (4000)(400)
& R+R, R +Ry Ry + Ry (900 +100) 4000 + 400
I, = __004 R = 454 ohms
454 + R,

64
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For gal #1
;o=
81 454 450

Ig1 = 79.5 pamps

1o
1
~795%x107°

©0.05x107°
deflection; = 1590 mm

If R = 975 ohms

deflection; =

g = 4[ﬂ — MJ = 0.016
1075 4400
0016
£ 4543+ R,
For gal #1
0.016

&7 4543 1 50
Iy = 317 pamps

g
. 31.7x 107°
deflection) = ———
0.05x 10
= 634 mm

For gal #2

0.04
[, =——+—
82 454 4 500

Iy, = 42.0 yamps

Toy
52
_ 420x10°°

©02x10°°
deflection, = 210 mm

deflection, =

r = 975100) N (4000)(400)

1075 4400

= 454.3 ohms

For gal #2
0.016
Iy, = —"—
2 4543 + 500

Iy, = 16.78 puamps
16.78 x 107°

02x 107
= 83.9 mm

deflection, =

Chapter 4

.".Use galvanometer #1 because as R is adjusted closer and closer to the balance condition it is more difficult to detect

movement of the needle, and with galvanometer #1 the deflection is greater and therefore, easier to detect.

4-15

Iy = (30)(0.05x 107%) = 1.50 x 10~® amp

ER\Ry — I,[RyRi(Ry + R3) + RyRyRy]

=
Il + R + R,)(Ry + Ry)ER,
2. _ 412,000 — 1.5 10-5[3000(800) + 7,200, 000]
=
1.5 x 107°(111)(800) + (4)(600)
Ry = 219850 19 993 ohms
2400.1332
4-16
I
Deflection = —£
S
E
I, = ——~£  where R, = R R_
Re + Rg Rshunt + R

RRy RoRs _ (290)(600) ~ (500)(1000)

R 4+R R+ Ry
p _ (30)(528.5)

. = 28.4 ohms
558.5

890 1500

65
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E, = E I
R1+R4 R2+R3

—— | = 0.021 volt
890 1500

SRECNEL

-3
. = 2107 68 % 10 amp
28.4 + 50
-3
Deflection = M = 536 x 10> mm shunted circuit
0.05x 10
Eq

A
g+ Rieries
21x 1073
5285 1 50 + 30
= 0.0345 x 10> amp

-3
Deflection = M = 690 mm

0.05x 107°

4-18
Prototype T-section.
Refer to Figure 4-43, constant-k T section.
Assume load resistance of 16 ohms.
R 16

hie= 2 £ — f)  3.14(2000 — 500)
_(fh— )R (2000 — 500)16
C 4xfif,  4(3.14)(2000)(500)
h-f 2000 — 500
W T An iR T 4(3.14)(2000)(500)(16)
1 1
C2k = =
(fy — )R (3.14)(2000 — 500)(16)

=339x1073 henrys

=1.91x 1073 henrys

— 7.46 x 107 farads

= 13.25 x 107 farads

4-19
Prototype T-section
Refer to Figure 4-43, constant-k T section. Assume load resistance of 1000 ohms.

L, = R = 1000 Iy = 0.3185 henrys
wf,  (3.14)(500) 2

C = ! = ! = 0.637 ufarads
rf,R  (3.14)(500)(1000)

4-20

Prototype T-section
Refer to Figure 4-43, constant-k T section. Assume load resistance of 1000 ohms.

L _ R 1000

T 4nf, T 4(3.14)(1000)

C = — = ! 2
ATf.R 4(3.14)(1000)(1000)

= 0.0796 henrys

C, = 0.1592 pfarads

66



SM: Experimental Methods for Engineers

4-21
Volt-ohmmeter:

j— £ 5000 = 3.12x 10> amp
R +R 160,000

E, o = iR = (3.12 x 107)(1.5 x 10°) = 468 v actual

RR,, (150)(468)
_ R+R, _ 618 _
E, o = E—R e = 500 1o o | = 460 volts
;i + RiR, 618
VTVM:

(150)(11,000) 148
Eyrym = 500 — 01— 500/ 22| = 468 volts
10 4 (150)(11,000) 158
11,150
4-23

C = 4(0.225)83 4 =1.0x d = 0.01

S = ac _ 4(0.225) e% = 400(0.225) £ = 90 pf/in.
X
4-24
:ﬁ:ﬁ: 1.0-0 1561 \.IOIt.S
od Ad 0.064 -0 unit disp
4-25

p = (100)(6.895 x 10%) = 6.895 x 10° newton/m”
t=2x10°mE = gtp = 0.055(2 x 107°)(6.895 x 10°) = 75.8 v
p = E’a_p = L’a_p __E From Equation (3-2)

gt JE gt OE at?
1/2

op 2 op 2

Wp =||=-Wg| +|=W

g [BE £ [at ‘]
2 5 172
= ! —(0.5) 7538 (762 x107°)

(0.055)2 x 1073) (0.055)2 x 1073)

W, = {[4550]* + [2630%}"/% = 5255 newtons/m” or 0.7625%

4-26

Epms = %NABW = %(50)(104)(1)(180)[%}

Epums = 66.7 X 1073 volts
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4-27

db = IOIOg& — —1= IOIOg&
R 35

0.1 = 1og% s 10g(0.7932) = —0.1
)
g = 0.7932 — 27.76 watts

4-28
En =22x 1073 volts; Poyt = 35 watts; R = 8 ohms

2
Egur

POUT = = 35 watts — EOUT = 16.7 volts

EINPUT = ESIGNAL =+ ENOISE 10mv = 1.0 x 1072 volts

65 = 20log (ENoISE)IN

S(FE )Ny = 5.62 pvolts
1.0 x 1072 NOISEZIN

En _  (EnosE)IN (16.7)(5.62 x 10~°)

— (Exoise)out =

Eour  (ENoise)ouT 22x1073

(Exoisg)out = 42.8 mv
4-29
Eour = (PoutR®)" =16.7 volts

75 — 20log (ENoIsE)IN

— (E )N = 44.5 pvolts
25x107! NOISEIIN

(Exoise)out _ Eout _ (16.7)(44.5 x 10~%)

= — (Exorsg)out = -
(ENoIsE)IN EnN 180 x 102

(Exoise)out = 4.125 mv

db = 20log 3
428 x 10~

] = 20log0.0964 = —20.32

4-32

R,, = 10 kilohms, R; = 100 kilohms — B 0.10

2
{4f0-4)
Rm )ﬂR XIOO
R R i
E)(I_Rm)Jr(RT)

At10% — Ri = 0.10 .".Loading error = —4.74%

m

Loading error = (

At 90% — Ri = 0.90 .".Loading error = —42.6%

m

68
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4-33
E; = .100 volts R—m = l = 0.1667
R; 6
243
E & N&
foe ()%
R % Error = Eun = Eact x 100
R, | EactuaL (volts) | EpiNgar (volts) Exct
0 0 0 0
0.25 4.00 3.60 —10%
0.50 7.70 7.20 —6.5%
0.60 9.10 8.64 —5.05%
0.80 11.76 11.50 —2.21%
1.00 14.40 14.40 0

4-34
R, =121 ohms; R, = 119 ohms; R; = 121 ohms
_ KR @21

Ry = = 123.0336 ohms
R, 119

When Ry = 122 ohms and Ej, = 100 volts — E = ? and E, = ?

R

E = E;—— whereR, = 0 ..E = E, = 100 volts
Ry + R,

E, = £ B B

g

B ool 12t 119
R +Ry R+ Ry 121 + 122 119 4121
E, = 100[0.4979 — 0.4958] volts = 0.21 volts

4-35
ForPbSat3.5u — D = 1.0 x 10® (cm)Hz!""?/watt
For PbS at — 196° C and 3.5 p — D, = 8.0 x 10'°(cm)Hz"? /watt

pr = paan?Lour L hen S cONSTANT
ENoise ANCIDENT N

Lour _ consTANT
ENoise
Ei) — 125 x 103, db = 10log22 = 10log(1.25 x 10~3) = —29.03
H INCIDENT H
4-36
InSbat5u — D* = 1.0 x 10% cm(Hz)"?/watt A=40x10"% cm?
S _ 4s5db 45 = 20log Eour  _, Lour _ 33
N NOISE  ENoISE
PNCIDENT (42 Egur || 1| _ (02)a78) _ 35.6

NOISE .0 x10 10

I)INCIDENT =356x 10_8 watts
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4-37
R, = 500 ohms, R; = 7000 ohms = i—m =7.16x102

1

E; =12 volts i=7
R 3 3 % Error = LN 'ACT. x 100
R, |IacTtuaL x 107 amps | ifjnpar X 107 amps IACT
0 1.716 1.716 0
0.25 1.690 1.687 —0.01775%
0.50 1.656 1.658 0.01210%
0.75 1.628 1.629 0.00615%
1.00 1.600 1.600 0
where | = =L

4-38
( R ) Ey = 24 volts
E R,
E. R R _ 01
N I E | SR
R
at £ volts R,
6 0.225
12 0.501
138 0.780
24 1.00
4-40
0.1 W at 0 dB 20 to 100 kHz
+0.5, —1.0db
b
0.5 = 101oga P =0.112W

—-1.0 = IOIOg% P =00719W

4-41
R; = 15000Q £ 10%

R, = 800Q + 2%
Ey =30V +01V

R—m = 0.0533
R;
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At5V R 0168
Rm

AL10V R _ 9341
Rm

At15V R _ 501
Rm

4-42

—80 = 10 log Ll
100

Py =10°w

—80 = 20 log Ey
1.0 mV

Ey =107 mV = 0.1 4V

4-43

1Rev = %% _ 0.0333sec
1800

Displacement in 1 Rev = (20)(0.0333)

= 0.6667 m
= 666.7 mm
y—_5 v _ 1
tl — lz aS tl — lz
v +s

2
1 2 N 2

W, = w4+ | ———|w,
' [’112} ’ [(fl—fz)z] ’

2 1/2
[LJ + (0.001)? + (0.001)

v 666.7
= 0.00206
4-44
R
Gain = _Zr
Ry

R; = (25)(5) = 125 MQ

a_’1 - t — 1)’

|

v

—Ss

(4 — 1)

-5

2
K

71

2

2

Chapter 4



Chapter 4 SM: Experimental Methods for Engineers

4-45
o RR,
R + Ry
R .
Gain = 1 + —L
Ry
Ry = (25— 1)(5) = 120 MQ
(5)(120)
, = 22 48 MO
51120

4-46
a=10,b=14c=1

4-49
E E E

Ey = —R;|—L + =2+ 2| = E + 2E, + 3E;
R R R

R R R

R Ry Ry

4-50

Gain =15+14+n n=14

4-51
Choose values of R;C to match integration times. At 7 = 1 ms could use
C =1pF

R,C = (1000)(1 x 10°%) = 0.001 sec

4-58
Voltage sensitivity = AV = 0.94 = 15.67 V/in.
Ax 0.06
0.01

In null region, sensitivity =

7 = 14.29 V/in. or very nearly the same.

4-59

PbS detector
A =1.0pum
i = 30dB
N

A = 1 mm square = 1072 cm?

From Example 4-14, D* = 1.5 x 10" cm HZ'2/W

30 = 20log| £- | -£- = 3126
~) En

Lol — 1072)12(31.26)

' P

P=211x10"w
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4-60

Open loop gain = 2000% = 2000

Neg. feedback £ = 0.05

For £, = 1.0 Ey =2000+1 (N = =]
Af:l:ZO;Ei:ﬂ:M:IO
k 20 20
From Equation (4-40)
Ey, = 100 + ! = 2000 + 0.01
0.05  (0.05)(2000)
2000

SN Ratio = = 200,000 = 106 dB
0.01

Initial dB for SN = 2000 is only 66 dB

4-61
Non-inverting op-amp
Ry = 1MQ, R = 100 kQ
Case (d) Figure 4-32
Ry 106

Gain =1+ —*=1+—=11
R 105

4-62

Inverting, differential input

Case (c) Figure 4-32
R 6

Gain = ——L = —% =-10
R 10

4-63
Figure 4-38, constant k T"section, R = 8, f, = 40 Hz

Ly = 8/7m(40) = 0.064 henrys
Cx = 1/(8)(40)r = 995 yFarads

4-64

Figure 4-38, constant k T'section, R = 8, f. = 450 Hz
Ly = 8/47(450) = 1.41 millihenrys

Cx = 1/47(8)(450) = 22.1 ufarads

4-65
Figure 4-57, PbS detector, S/N = constant

AtA =30um D*=5x 10° at room temp
= 1.5x 10" at 76K

PB/B = 5x10°/1.5 x 10! = 0.0333
dB = 1010g(0.0333) = —14.77
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4-66

P =100 W at 0dB, 10 to 50 kHz
+1.0 = 10log(#/100)

P, =126 W upper limit

—1.0 = 10log(A/100)

P, = 79.4 lower limit

4-67

—90 = 20log(Ey /0.005)
Ey = 0.16uV

4-68

From Figure 4-51
Voltage sensitivity = AV/Ax = 0.62/0.04 = 15.5 V/im

4-69

S/IN = 25dB

A = 4.0 mm?

A =20 pm

From Figure 4-57, D* = 1.6 x 10!
Noise = 25 dB = 20log(E/Ey)

E/Ey =1.778

D* = (Af)"2E/Ey)/P

Bandwidth f for Figure 4-57 isf = 1 Hz

Solving for P,
P = (0.04)"%(1.778)/1.6 x 10"
=9.86 x 1072w
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5-1
L(1 + 0AT) = 11[1 + (6.47 x 107%)(40)] = 11.003 in.

.. Error = 11.003 — 11.0 = 0.003 in. One should not be concerned with this error because it is fixed and may be
calculated.

5-2
LA + aAT) = 76[1 4+ (6.47 x 1076)(—70)]
True measurement — 75.966 feet

5-3

For no reflected light:

2 =232 52
222

2d = nA —% where m = 1,2, 3, ... is the number of fringe lines.

d =112 A

nl i 2n —1
2 4 4

5-5

x [0 | 05 1 1.5 2 2.5 3 3.5 4 4.5 5
31384 |3.67 | 4293 | 7.32 | 14.13 | 26.07 | 44.0 | 68.92 | 102.2 | 141.75

Trapezoidal method: Ax =1
i n—1
_|Yo T Vn i
4= |20y Zl y; | Ax
1=

= {w + 3.67 + 7.32 + 26.07468.92|(1)

= 178.36 sq units
Simpson’s Rule:

n—1

Ax i+1
S Yo Y wB+ )

A

i=1
0.5[3 4+ 141.75 + 4(3.84) + 2(3.67) + 4(4.293) + 2(7.32) + 4(14.13) + 2(26.07)
3 + 4(44.0) + 2(68.92) + 4(102.2)

A = 172.10 square units
Direct Integration:

5
A= f [3 4 4x — 6x% + 2.8x> — 0.13x*]dx
0

= 171.255sq units
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y
\ -
' aL T \ v
COLAT N
> +
) — + +—+x
\ aL )
y=_+_x _X+a x _- _x
Graphical method:

Error: Graphical
E =171.25 — 175 = —3.75 sq units

Trapezoidal:
E =171.25 —178.36 = —7.11 sq units

Simpson’s
Error = 171.25 — 172.10

E = 0.85 sq units

5-6
Actual area:

T

A= f sinxdx = 2 sq units
0

Trapezoidal rule: for Ax = %

n—1
_ | Yot I } _
4= +Zlyle—
=

A = 1.895 sq units
Error = 2.0 — 1.895 = 0.105 sq units

For Ax :E:
8

A=

A = 1.973 sq units
Error = 0.027 sq units

For Ax = i:
12

. 5n . 1ln
+sin— + sin——
6 12
A = 1.995 sq units
Error = 0.005 sq units

Simpson’s Rule

. T . T .
sz + sin— 4 sin

T

4

LT . T . 3m . T . Sm . 3w .
sin— -+ sin— -+ sin— -+ sin— -+ sin— -+ Ssin— + Sin
8 4 4 2

76

r

8

T

8

. T LT . T LT . Sm LT . In . 2n .
sin— + sin— + sin— + sin— + sin— + sin— —+ sin— + sin— + Sin—
12 6 4 3 12 2 12 3 4

SM: Experimental Methods for Engineers
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n—1

4x — ;
A= {v0 oyt )yl (-1t
i=1

For Ax :E:
4

A= %{0 + 0 + 4(0.707) + 2(1) + 4(0.707)} = 2.005 sq units
Error = —0.005 sq units
For Ax = —:
8
7w |0+ 0+ 4(0.2585) + 2(0.5) + 4(0.707) + 2(0.886) + 4(0.965) + 2(1.0)
24 + 4(0.965) + 2(0.886) + 4(0.707) + 2(0.5) + 4(0.2585)

= 2.005 sq units
Error = —0.005 sq units

A

5-7
x2 + y2 + 22 =25
1/2

P o — P Lp+l_Lp
4= S M N - ) Y YN
22| ", > y
p n
_ 2 2, _
z =425 —x" — y7; AxAy = 0.25
12
ZO - ZO Z1 ZO ?
A =4 1 0 + 0 0 +1 AxAy
Ax Ay
1/2
0 .0 10
+ D — 7 21— 7 +1 AXAy
Ax Ay
Zl — Zl 22 Zl "
= | ] Ay
Ax Ay
12
Z1 - Z1 ? Z2 - Z1 2
+| 22— + || +1] Ay
Ax Ay
20 = 25— (0.5 — 0 = 4.97
=25 =5

zh = 25— 0 — (0.5)% = 497
2 =\25-1)? -0 =49

2 = 25— (0.5 — (0.572 = 495

22 =24 = 49
2 =25 — (12 — (0.5 = 4.87
2 =487
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1/2

A=4 (0.25)

497 -5 (497 -5
AR T e |
05 05

1/2
(0.25)

49 — 4977  (495— 497
1
0.5 0.5

1/2
(0.25)

0.5 0.5

495 — 4977 (49— 497
+ + 1

172

487 — 4957 (487 —4.95)
T n +1

0.25
0.5 0.5 (0.25)

A = 4.046 sq units

59
a=1165%x 107%/°C True reading at 20° C
At 10°C

20 = IfI + (11.65 x 10~%)(10 — 20)] = 20.00233 m
At 40°C

20 = I[1 + (11.65 x 10°)(40 — 20)] = 19.99534 m

5-10

A=215% 10 °in. n=29 d = [2n4— 1}/1 (from Problem 5-3)

d =914 x 107in.

5-12
Ap = py — pyiwp, = 1.805 x 1072 psig; W, = 0.07 psig
2 2

r:A—pzl.lo—E.OOd—gxexzﬁd—l _Lydr) 4

P~ D2 d 200\ dy | 2\ dy Pt — P

1/2
2 2

W, = aXWJJr[axW] p=22"Pa p; = 10 psig

_ || X _ P2 = Pa =
ollop M ap ¥ P~ Pa

2

o di U st
JAp 2\ dy | P — Py
Atr = 04 — p, = 4 psig
Atr =09 — p, = 9 psig
o 1[dl| A |atr=04-290x10""
o 2d)(p - pa)* |atr =09 - 653x107

2.035x107° in. < W, < 456 x 107> in.
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5-13

y=14+3x+ 4x°
x + 1.5x% + §x3 — 113.333

4
fydx:
0 0

x 0 1 2 3 4
y o1 23 46 77

4

oo

Trapezoid Rule
L7784 23+ 46 = 116

A=

Error = +1.61667
Simpson rule

A= [%][1 + 77 4 (—4)®) + (2)(28) + (4)(46)]

113.333 Exact

5-24

4= Zyi(xi-i-l - X;)

= (70)(14 — 0) + (100)(58 — 14) + (106)(96 — 58) + (64)(74 — 96)

1 (20)(30 — 74)+(10)(0 — 30)
= 980 + 4400 + 4028 — 1408 — 880 — 300

= 6820

Error — 0820 = 6168 1 560,
6168

5-25

X Vi AA (rect) AA (trap)

0 50 500
10 72 720 610
20 84 840 780
30 93 930 885
40 60 —600 765
30 33 -330 —465
20 41 —410 —370
10 45 —450 —430
0 50 0 —475
1200 1300
10

A (Simpson) = ~5[50 + 60 + 72(4) + 84(2) + 93]

~ ?[60 + 50 + 33(4) + 41(2) + 45(4)]

= 1447
A (Trap) = exact = 1300
Error (rect) = 1200 — 1300 = —=77%
1300
Error (Simpson)=M = +11.3%
1300
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5-26

a=11.65%x10"%/°Cat15°C

L( 4 oAT) = GO)1 + (11.65 x 107%)(50 — 15)]

Error = 0.0017475 m = 0.05825%

= 30.017475 m

5-28
X v M(rect) A (trap)
0 0.5 0 0
0 1 0.5 0.5
0.5 1 0.5 0.5
1 1 0.5 0.5
1.5 1 0.5 0.5
2 1 0 0
0.5 0 0
0 0 0
1.5 0 0 0
1 0 0 0
0.5 0 0 0
0 0 0 0
0 0.5 0 0
A (total) 2.0 2.0

Both give the correct area.

5-29

See chart below.

y = 0.0278x> + 0.7143x> — 0.2659x + 0.9048

6
A= f ydx = 61.0794
0

SM: Experimental Methods for Engineers

A B [ D | E | | H | i
1 1 | N | 1
2 88 Chart Title
3 30 7

y = 0.0278x° + 0.7143x* - 0.2659x + 0.9048

4 |x 25 1 R? = 0.9993
5 0 1] 4 pd
7 : A =
8 3 7] ] 1 /
9 4 13/ | s / oy
10 5 21 04.___/ —Poly. (y)
11 6 31 0 1 2 4 5 6 7
12 x
13 T I I
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5-30
The values of the integrals are:
0to 10um T = 1000K Integral = 51,835

0to 10um T = 2000K Integral = 893,933
0to20um T = 1000K Integral = 55,871
0to20um T = 2000K Integral = 905,153
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6-1
1| 4 1 1
h {7? —h } —h
% Error = x 100
hl[ﬁ - 1}
Al
= L % 100
A + 4
= 5.59%
6-2
44 2
Vmax = lt = 100wy = —3Apa a 3 )
3 16Et
s 166'E_ 16(300wy)*E
9p(l — ) 9Ap(l — p?)
a = 600wy| ———
9Mp(1 — 1%
6-3
2 .
Ap = 7 h— Ap _ 2116lb/ft3 o 12 in.
/4 62.4 1b/ft ft
h = 407 in. H,0
2
factor = M =52
407 m. H,0
6-4
A= \/52 in o= b
87rn kT
forp = 1 atm

n = 0.214 x 102 molecule/cm?

A = 0.770 x 10~ cm

for p = 1torr
n = 0.28 x 10'7 molecule/cm’

A = 0.586 x 1072 cm

forp =1p
n=028x 10" molecule/cm’
A = 5.86cm

for p = lin. H,O
n = 0.524 x 10" molecule/cm>

A=0313x 10 2cm

Chapter 6
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for p = 1073 i
n = 0.28 x 10'! molecule/cm’
A = 5860 cm

kT2

A= .
87rDTP

A =234 x 10—17%

D7p
T in °K
p in microns
D incm

6-6
By Equation (6-4)

p| _ 1
2P AR
(af ol
w, W,
22
W, = ,/3’" €. = 1128 fusec
ALV

W, = 207.5-—
s€C

h= 2“3 PLY. 5 — 0.075 lbm/f%; h = 13.8
ptr T

p 1

172

431x 10*

p 1

172

[1 1 7.64 x 102(Tg5)2

po 2 2 2 2
[1—W7} +7.64x 10 (W74
4.31x 10
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Eq(6-4) Eq(6-8)

w w P w w P

Wy Po Wn Po

0 0 1 0 0 1
103.75 0.5 0.0725 103.25 0.5 0.0723
155.625 0.75 0.0482 155.625 | 0.75 0.0482
207.5 1.0 0.0362 207.5 1.0 0.0362

1037.5 5.0 0.00714 1037.5 5.0 0.00725
2075.0 10.0 0.00341 2075.0 10.0 | 0.00362
20,750.0 | 100.0 | 0.0000965 | 20,750.0 | 100.0 | 0.000362

! l l ! l l
¢ ) 00 ¢ ¢ ¢
P
—)
P

6-9

1
Ap=p —py=-"h

(4
4y = 0.0314 in%; 4 = 7.06 in%; ,, = 184 Ib/ft°
yr = 62416/, Ap = h'(0.0705) Ib/in®

R
4

(pm - pf)

factor = 0.0705 Ib/in>

6-10
E =2 x 10" N/m? u=03 r = 0.075 m=a

1 3Ap 4 2 5 2
—t = a1 = 1 Ap... = latm = 1.0132 x 10° N/m
3 16EP m

4 _ (9)1.0132 x 10°)(0.025)*(1 — 0.09)
16)2 x 10

t =1.692% 1072 m = 1.692 mm
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Because sensitivity of LVDT is 2.5 nm, this is the minimum change in deflection which can be measured.
Max deflection at 1 atm = %t = 0.564 mm

-9
Ap for 2.5nm = _25x10 7 x 1 atm

0.564 x 107°

— 4431 x 10 %atm
= 0.449 N/m?
6-12
2 12
R = Ri(1 + bAp) w, = || 2R,
1 \p R E)Ap Ap

Wp = 1.7 x 107> ohms

6-14
ay2 3
p=——; Ve = 09420 mm

T V- ay
Vg = 10° mm’

p =282x% 1074 mmHg  Error = negligible if Eq. (6-22) is used.

6-15
atp = 1.0 u
T —T,
F = u lu =133 dyne/cm2
4Tg
p = U360 50 192 dynes
4(293)

atp = 001, F = 5.68 x 10~ *dynes

6-16
Assume a steel diaphragm and a deflection equal to %t.

t 3p 4 2 4 -6
Ymax 3 16Et3 ( M)

t = 0.01618 and check to see if f/ > 30,000 cps

/= 1934 x10°
wa

f = 159,000 cps > 30,000 cps
.t = 0.01618 in. a = 0.500
Assume spacing equal to 0.01 in. Then

C = o.zzsgg; A = 0.196 in?

aC A dy 34 2
E - 0mses 2o a*( — 1)
oy d? dop  16E8

ac = de Iy 9 = —0.0382 pf/psi
dy dyadp op
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6-18
V =06in®> = 3472 x 1074
air at 14 psia and 70° F; p = 0.0752 Ibm/ft®

w=50Hz C = 4057 x 10°ft/hrs & = 0.0440—2™
hr- ft
a. w, = 50Hz
12
h= 2/‘3 PV s3x109E L a2 — 1113 10*656
pCr T r r
272 2
wy = 22 50 = 290 x 107
4LV L
Pl _ 5= ! L = rO[3.63 x 10'0]
2o

5 12
s |
= 1%3.63x10'%(2.90 x 1077) — #* = 9.54 x 10712
F=312x107ft > d =624x107° f
L= (3.12x1073)%3.63 x 10'%) = 3260 x 1072 — L = 32.6 ft

2
) +4L2(l
w,

n

SM: Experimental Methods for Engineers

b. w, = 100 Hz
9 ’”2 2 72 —6
8.62 %107~ =100 — —— =116 x 10
%:Lgnzl.mxlo”_m“z 61 =
PO 2785% 107 (1.16 x 107%)(1.23 x 10'7)
F=1.625x107ft - d =325x107° ft
L =2261t
¢. w, = 500 Hz
2
”T =290 %1077 L =r%271%x10"%) — * = 0.785 x 1012
r=0941x107° — d = 1.882 x 107> ft L =188ft
6-19
The reading would be the same. 10 in. Hg
6-20
T =90°C = 363°K ¢ = (20.04)(363)"? = 381.8 m/s
1/2
22
|37 F=075%10" m
4LV
L=15m V=5x10°%m’
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1/2

—3\2 2

v | @m075x107) (281.8) 0
4(1.5)(5 x 10°°)

5

p=L = 89X 3 kg/m?
RT  (287)(363)
12
4=213x105kg/m-s  h = 2/‘3 3Ly
pcr T

172

(2)(2.13 x 107°) 3)(1.5)(5 x 107°)

(6.623)(381.8)(0.75 x 1073)? r
h = 0.1069
6-21
Ap = (1.85 — 1)(5.0) — 4.25 in. H,0
Ap = 4.25 in. H,0
6-22
1 3Apa4 2 6 .
=—t = 1— E =29 x10” psi
Ymax 3 16El‘3 ( U p
t* = 6.87 x107% = 0.0162 in. 4=03  Ap=10>psi
a = 0.25in.
/= 1934 x 100 L. (for steel) £ = 159,500 Hz
wa
6-23
R = R|(1 + bAp) b= (17x10"")psi"! R, = 100 ohms

R =100.17 ohms  Ap = 10* psi

AtE = 24 volts and R4 = 100.17 ohms R, = Ry, = Ry = 100 ohms

4| (100)(200) — (100)(200.17)

E gl & Ry
(200)°

g R+ R, R+ R

E, = —1.02 x 1072 volts

g

6-24
ay<Vy Vg =1.5x10° mm>,d = 0.3 mm, p = 0.030 mmHg
2 .2
MY L2 - 594 %104 mm?
4 Vg
y =244 cm

6-25
For air: 4 = (8.64 x 10_7)% = mean free path

Pisin Ibf/ft?; T in °R
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For Knudsen Gage:

10754 < p < 104 or

2.82 x 10*8% < p<282x% 10*2%
ft ft

.3.06 x107°T < A < 30.6T

6-26
Ap = gih(pm —py) h =135mm = 0.135m

C
P, = (0.83)(1000) = 830 kg/m>

_p _ 138x10°
RT ~ (287)(293)

Ap = (9.806)(0.135)(830 — 164.11) = 881.51 N/m°>

Pr = Pa = 164.11 kg/m>

6-27
QA — u)

2,2 2

2 2 4a°b a
PRy A b P

Fmax 4nEK? at - bz[ b}

Yimax = 4.064 x 1072[0.9844 — 0.635(4.323)]
Yinax = 2.885 x 1072 in.

6-28

3
p, = 20 X107 4 935 kg/m?
(287)(283)

2, = 999 kg/m’
po = (0.8)(999) = 799 kg/m>

Ap = gih(po ~ P2

c

= (0.12)(799 — 4.9)

= 953 N/m?
= 0.0138 psia
6-29
A=227x10°5L
P
(277 x107°)(293)
1.01 x 10°
= 656%x10 %m
6-30

a=25cm b =03cm,t = 0.122 cm
Deflection = 0.04 cm

E = 200 GN/m? = 20 MN/cm?

Inserting in deflection equation gives p = 13.786 N/cm? = 1.379 x 10°Pa

88
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6-33
29.8 in Hg = p, = 1.009 x 10° Pa
p(gage) = 10 kPa

z = 7200 ft
5.26
— il B2
Pp = Do T
5.26
— (29.8)|1 - (0.003566)(7200)
518.69
= 22.82 in. Hg
= 77263 Pa

p(abs) = 87.263 kPa

PV _ (87,263)(100 x 1073)
RT (287)(293)

= 0.1038 kg

If use weather bureau p(abs) = 1.109 x 10° Pa

110,900 — 87,263
N 87,263

Error

6-34
10 psia = 68,940 Pa

Using weather bureau, p(abs) > 110,900 — 68,940 = 41,960 Pa
Using correct pressure, p(abs) = 87,263 — 68,940 = 18,323 Pa

41,960
18,323

Error — 1 = 129% too high
6-35

1”fluid = (0.75)(5.203) = 3.902 Ibf/ft?
1 psf = 47.88 Pa
_(3.902)(47.88)

A = 735 Pa

v 2.54
6-36

P, = small compared to fluid

1.75

Ap = |——1[(935) = 1716 Pa

” [0.75]( )
6-37

y = 0.85 K = 15sin30° = 7.5 cm

= ~ small A _ 0005
Pa =Py 4 1005
0.005 \?
Ap = (1.5) [W] + 1| = 7.575 cm fluid

= (7.575)(0.85)(5.203) = 33.5 psf
= 1604 Pa

= 27.1% too high

:
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6-38
SG = 13.6

13 .
Ap = (13.6 — )| —— | = 64.49 in. H,O
P = )[2.54] 2

= 335.5 psf

— 16.06 kPa
6-40

13 )|(5)

Ap = (13.6 — 1 I
P = )[2.54][10]

= 80.61 in. H,0

— 20.08 kPa

6-41
Ap = 10 kPa at 20° C p = 7800 kg/m’

a=125ecm E = 200 x 10° N/m?

i =03
4 4

1. 300 )(0.011215) 1— 08
3 (16)(2 x 10"y

t=158x10"%m = 0.158 mm

10.21 1.0)2 x 10'1)(1.58 x 10~* 2
- 102t (L.OX )(2' )| _ 15,820 Hz
(0.0125) (12)(1 — 0.3%)(7800)

6-42
p = 65atm T =20°C
SG = 0.85 h=153cm £+ 1.0 mm

Py = (0.85)(996) = 847 kg/m’

5
(287)(293)

Ap = %(0.153)(847 — 78.3)

11.53 Pa

6-43

p=>5atm T =50°C = 323K r = 0.0005 m

L=08m ¥V =3cm =3x10°%m’

b P (5)(1.01 x 10%)
RT (287)(323)

¢ = 20323)"% = 359 m/s

= 5.46 kg/m’

=197 %1075 K&

m-S
2 2 1/2
- 7(0.0005)%(359) 05 1y
(3 x 107)(0.8 + 0.5(7)(0.005))
1/2
_ (9097 x 107°) [ (3)0.8)3 x 107%) — ooa3
(5.46)(359)(0.0005) z '

90
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w

= =05
Wn
p|_ 1
po| [ —0.5%)% + (4)(0.243)%(0.5)21"
=127
6-44
Vg = 125em® = 1.25 x 10° mm®
2
Ve = ay = @y — 0.0314 mm?
ay2
p = 20pum = — = 0.02 mm (torr)
Vp
y = 282 mm
6-45

T = 120°F = 580°R
p = —13 psig = —89,627 Pa
P (Weather) = 29.83 in. Hg = 1.01 x 10° Pa

V=30m’ z = 600 ft
(0.003566)(600) %

— (29.83)[1 — 200)0M)

Patm ( ) 5187
=29.188 in. Hg
— 98,840 Pa

p = 98,840 — 89,627 = 9213 Pa

_ VO 9894

m = e —
RT (287)(580)(519)

If use weather p,,, p = 101,000 — 89,627 = 11,373 Pa

11,373

Error T 1 = 0.234(23.4% high)
6-46
140 dB = 0.029 psia = 200 Pa
@ = 5000 Hz w, = 1000 Hz p = 7800
a = 0.5cm = 0.005m E =2x10" 4 =03
112 1/2
1021 | (1.0)2 x 10'1y
10,000 = 5 5
(0.005)% | 12(1 — 0.3%)(7800)

t=16x10">m = 0.016 mm

6-47

~ (0.003566)(14,000) [*°

518.7

p = (1.013 x 105)\1

= 59,500 Pa
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6-48
n' = 25cm

Ap = (13.6 — 1)\2)

4 V2
—| +1
2.54 [50]

= 649 psf = 31kPa

= 124.9 in. H,0

6-49
R = R/(1 + bAp) Ap =700 — 1 = 699 atm
R =90Q

bh=25x10""pa"!
R = (90)[1 + (2.5 x 107 11)(699)(1.013 x 10°)]

=90.159 Q
6-50
= 0.0006 m L=01m
V =15x10"%m?
p = 500 kPa
T =50°C = 323K
3
p= L = 00XT0 5504 10/m3
RT ~ (287)(323)
4 =197 x 107> kg/m-s
¢ =359 m/s
5 5 172
B 7(0.0006)>(359)
" (1.5 x107%)(0.1 + 0.57(0.0006))
= 981 Hz

s 12
(2)(1.97 x 1075)

T (5.394)(359)(0.0006)°
=0.113

(3)(0.1)(1.5 x 107%)
T

6-52
See conversion list at start of chapter.

6-53

750

760
= 99.99 kPa

Dabs = 825.0 + 99.99 = 925 kPa

Patm = [ J(101.32 kPa)

6-54

V=5L=5x10"°m’

T =10°C = 283K = 509°R

Indicated barometer = 29.85 mm Hg = 101.079 kPa

92

SM: Experimental Methods for Engineers



SM: Experimental Methods for Engineers

0.003566(600) 2

Actual barometer = (101.079)|1 —
518.69
= 98.9 kPa
p(indicated) = 101.079 — 80 = 21.079 kPa

p(actual) = 98.9 — 80 = 18.9 kPa

m(actual) = (8,900)(0.003) _ 1 ¢ 194 kg
(2078)(283)

Error — 21079 =189 11 5o,
18.9

6-55

h=452cm £ 0.1 = 1.483 ft
p(H,0) = 997 kg/m> = 62.3 Ihm/ft>
SG of Hg = 13.595

Ap = fh(pm —py)

4

322
= E(l.483)(13.6 — 1)(62.3)

= 1164 psf
= 8.08 psi
6-56
Reading that is ﬁ = 7.94% too high

6-57
Ap = 2in. HyO = 10.41 psf
oy =2 _COU4) 5546 om/fi3

T ORT (53.35)(530)
py = (0.82)(62.4) = 51.17 Ibm/ft’

bp = ~how = py)

c

04 o0n
51.17 — 0.2546
Length displacement = 9'204 = 0.598 ft
sin 20°

6-60
(0.01 x 1072)(1 x 10° Pa) = 1000 Pa
At Ap = 40,000 Pa
1000
40,000

% uncertainty = =2.5%
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6-61

for D > d the sensitivity for the inclined micromanometer becomes
S = hiAp = 1/(py — p)sin0 (g/g,)

For water density of IOOOkg/m3 , the sensitivity becomes

S = 1/(1000)(1 — 0.85)(9.8/1.0)(0.5) = 1.36 mm/Pa

6-62

Imm = 0.735 Pa, density for airat 300 K, p = 1 atm is 1.17 kg/m3
0.735 = (1.17)u?/2(1.0)

and u = 1.04 m/s

6-63
For and oil with specific gravity of 0.9, sensitivity becomes
S = 2.04 mm/pa

and

0.49 = (1.17)u%/2(1.0)
u = 0.915 m/s

6-64

Ap = (9.8/1.0)(1000)(2.95 — 1)(0.15)
= 2867 Pa = 0.4158 psi

6-65

Puir = (0.5)(1.013 x 10°)/(287)(308) = 0.573
Ap = 2867 = h(9.8/1.0)(2950 — 0.573)

h = 0.0992m = 9.92 cm

6-66
E = 200GN/m?, i = 03

(/3 = (3)(200000)(0.0)*(1 - 0.09) / (16)(2 x 10'1)¢’
¢ = 0.535 mm

£ = (10.21/0.0004)[(2 x 10'1)(0.000535)%/(12)(1 — 0.09)(7800)]"
=20.92 kHz

6-67
Pair = (75)(1.013 x 105)/(287)(308) = 85.95
Ap = (0.2)(9.8/1.0)(1000 — 85.95)

= 1792 Pa

6-68
Forairp = 241, ¢ = 343, 4 = 1.91 x 1077
L=015m7=05mm, ¥V =12mL = 1.2 x 10" °m>

Inserting values in Eqs (6-5) and (6-6) gives
w, = 620 Hz
h = 0.306

94

SM: Experimental Methods for Engineers



SM: Experimental Methods for Engineers

6-69
The standard atm pressure at the altitude given is

p = (1.0132 x 10°)[1 — (1520)(0.0065)/288.16]> 2
= 84,332 Pa

Vacuum readings greater than this value are impossible.
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7-1
) 3y y+l/y
o282 ¥ ol Py y23
R, " y-1 P P
Consider:
21y y+l/y
2
P )2 o Pt Ap
2y 2y
2| P2 P 2
|22 = (P2 + Ap)
p Py + A
2y 2(7—*1)
A 7
2| = g2
P p
By the binomial theorem:
2y
) P 2y — 1) A
2| 22 :p21+(7—)_p+___+ (1)
41 vy oo P2
also:
ry=Uy I=yly
1 _ | P2 PR P
P Z)
By the binomial theorem:
ap )7 ap  1(1—2p)2p)
1—[1+22 :}/__p+_[_7 2]
1) y |, 20 v Np
Multiply (1) by (2)
3 15 172
3 8¢ . 2
m = A Ap —|— —1[(Ap)" + -
Ry 2| P22 ’ (Ap)
. P
if Ap < -—in Eq.(7-9)
10
. 2g.p> .
m= A, 2= (p — in Eq. (7-9
2,/ RT (p1 — po) inEq. (7-9)
12[, . \2ly ytiy V2 12
Error = 2gcA2p1 v 3 N 7137271 +
RT y—1 4 4 Y
In Equation (7-10)
1/2 2/y y+1/y 12
Error = 4,p 28 || _7 ) |2 _3
RT |\y—1 10 10 10
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7-3

Re; = 10° — d = 3.84in.

Select a venturi from Figure 7-10.

C = 0978for10° < Re; < 8 x10°

P = % = 1.502 Ibm/ft*; 4, = 0.02185 ft>

M:;:LOSS
1— L
16

2
1

2g.p

mact
YCMA,

Ap = (p—p2) =

.2

Ap = 21.Om—2 Using Figure 7-14 and the above equation assuming ¥ = 0.9 —
Y

m = 0.3 Ibm/sec — Ap = 2.33 Ibf/ft?
m = 0.5 Ibm/sec — Ap = 6.47 Ibf/ft?
m = 0.7 Ibm/sec — Ap = 12.7 Ibf/ft>
m = 1.0 lbm/sec — Ap = 25.9 Ibf/fi?

7-4

Follow the same procedures as in the above problem.
)

Ap = 3.53 % Assume ¥ = 0.9

m = 0.3 lbm/sec — Ap = 0.392 Ibf/ft?
i = 0.5Ibm/sec — Ap = 1.09 Ibf/ft?
2.14 Ibf/ft?
m = 1.0 Ibm/sec — Ap = 4.36 Ibf/ft>

m = 0.7 lbm/sec — Ap

7-5

Follow the above procedure.
)

Ap = 21.0m—2 Assume ¥ = 0.9
Y

i = 0.3 lbm/sec — Ap = 2.33 Ibf/ft?
i = 0.5Ibm/sec — Ap = 6.47 Ibf/ft>
12.7 Ibf/ft?
m = 1.0 Ibm/sec — Ap = 25.9 Ibf/ft>

m = 0.7 Ibm/sec — Ap
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7-6
1/2
2/y—1
2g.
= CAypy S| V¥ | 2
RT |y +1ly+1
12
2 2
Wi _ Vo A — 0.01
m P 24
2 2
W w,
P L5 60001
D1 41 4

Pressure is more likely to be the controlling factor.

7-7

u = TR 1968 fi/sec
PlsAl

plo=p3 + %puf — 381 Ib/in’

1/2

2y—1
m = CAypy 28 | _7 2
RTjg |y + 1y +1
12
2/0.4
1= 4,381y (144) |—262D_ ﬁ[i]
(53.35)(500) | 2.4| 2.4

4y = 0.1222in? .d = 0.496in.

7-8

Q:i 28V &_1
Ca\ 4 Pr

Where 4 = %[(D + ay)2 - dz]ifd ~ D so that

2
1_[1] <Y
D D
4C\ A | py
ay ay ’
if ) is small [3] may be neglected, and i = cy\[(pp — Pr)Pf

2
Error = C[%] P, — PrIPy

2ay

ay2
022 [2]

D
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gargr
l
1 1 1 1 1 ﬂ
S S
7-9
. C1VPp .
m = ———2; where p, = 2
5 Pb Py
fOI'pb = 21pf
cypb
a(Po — PPy — 75—
Error — —= Y10 C-yfp S 2 100
1 b
2
Error — % %100 = —0.191%

for p, = 1.90p,
Error = 0.1895%

7-10
From Figure 7-19
for K = 2.5 GPM =+ 0.25%

55/ 650cyclés/sec
v centistoke

1,085 < K < 1,095 cycles/gal

7-11
A= 0C, forC; = 0.4 —
chVb & -1
4 Py

A= 0492in? = %[(D + ay)? - d?]

14 13a = 1272 a = 0.0209
o = 97D |28
2¢cy A4,
¢ = 0.01787 ft*/Sec
ForC; = 0.8
Ay = 0.987 in? a=0038 ¢ = 0.01648 ft>/sec
ForC; =120
A3 = 1.476 in? a = 00454 ¢ = 0.01292 ft?/sec

Error ~ 0.00443 ft for C; = 0.4
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7-14
2 A
S=2ibue= 502
E f N
A _ & _ &
I y n
e = L[] L[ e
MDY Jyey Ps LA )y,
¢ gLB[dp
ps  dy y=n
7-15
C N M _Blpmp B
P — Po A A Dy )‘ps
7-16
yoBLTe Lo\ NA [
alT, T, BL BL

T, = 577.5°R; T, = 575°R; Ty = 573°R; T = 570°R
7-18
Do — Poo = %pugo Water at 70° C

p = 1000 kg/m’
Do — Po = (0.5)(1000)(3)> = 4500 N/m>

7-20
_ \/I
NPet NP
1
P

’ 1
% Error = p,ef\/7

errgr

T
T(°F) | P % Error
70 62.27 0
100 61.99 0.001
300 57.31 0.04
600 42.37 0.212
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7-21
p= &; assume Ap = D= 4 28cPy (71 — p2)
Pg 10 RT
12
% Error = 1 — [ﬁJ o =2 = 00722 bm/f>
A RT

[ oy Y % Error
0 0 0.0722 0
0.1 0.000214 0.0724 0.001
0.4 0.000855 0.07306 0.005
0.7 0.00150 0.0737 0.01
0.9 0.00193 0.07413 0.013
1.0 0.00214 0.07434 0.015

7-22

” ”

From Figure 7-10 at d; = 1? andd, = IZ — R, = 10°
C = 0.97 assume H,O at 70° F

_ Rgu  (10°)(2.36 Ibm/hr)

= 5
= pd (624lbm/ft3)(ift) = 1.815 x 10° ft/hr
’ ' 48

m

ndz
Olgeal = Aoty = 4 Ups Oactual = COideal

Opet = 60 ft*/hr = 0.0167 ft*/sec — Opc)min = 0.0167 ft*/sec

0 P
Act 2g, 1
Ap = — = where M = ——————— = 1.032
CMA2 2 1/2
- (%)
4

Ap = 2.32 x 10° Ibf/ft> — Ap = 32.8 in. Hg
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7-23
12
. 2g. 1.5
Ap = 20 psia < % = 25psia y=14 T; = 580°R
nd3 4 52
Py =80psia Ay = |—2|=34x10""ft

m = 0.0884 Ibm/sec

7-24
D =125in;d = 0.501in.;u; = 10ft/sec

f = 6241 1bm/ft>; 0, = Ay = [%Dz]ul = 8.54 x 1072 ft*/sec

wD _ (10)(1.25)

71,08 x 107%)(12)
From Figure 7-13 — CM = 0.61

2 _
OActual = CMAz,/ ;gf Jp1— Py = 854 x 1072 £t /sec

2
— Ap = 10,404 Ibf/ft> = 147 in. Hg

Rep = = 96,300 (assuming water at 68°F)

8.54 x 1072

Ap = —2
8.38 x 10

at Ap = 20,808 Ibf/ft

2
(0.5 64.4
= 06N =] | =2
QActual ( )4[ 12 ] [62.4

Onerual = 1.21 x 1071 ft3/sec

1/2
] (20,808)!"2

7-25
Air  y=14
1/2
12 2/y—-1
D 4 2g, 14 2
m = Ay | — |
RT y+1)ly+1
1/2 2/04 112
= 1(0.4 x 1073)%(1 x 10%) _@2d.0_ [ﬁ][i]
(287)(293) 24|24
m = 1.187 x 10 >kg/sec
7-26
p_ = 20kN/m’ y =14 Py, = 116 kN/m’
p
T = —40°C = 233°K S = 0.1724
= bo,
2.5
2.8 2 0.4

p. [ﬂMl *ﬂ}

- 3.5
Po, (1.2M12)

102

SM: Experimental Methods for Engineers



SM: Experimental Methods for Engineers

7 2 25
0.3263M = |1.1666M{ — 0.16667

0.6389M 28 — 1.1666M7 + 0.16667 = 0
By iteration M| = 2.03

u = aiM; = (20.04)(233)"2(2.03)
= 620.97 m/sec
7.27
|
Py~ P = Epuoo

(1)@.0132 x10%)

=12 5)
(287)(293)
= 376.5 N/m>
Wpp = 5SN/m?
ZAp 1/2
U, = =%
P
—1/ —1/
U, _ 1]24p 12[3]_i 27
dAp 2| p Pl PP
-5
_ PO X107 5049 ke/m?
(287)(293)
—12
Wy _ 1 [(2376.75) 0,033
0Ap  1.2049| 1.2049
Wy = (0.0332)(5) = 0.166 m/sec
7-28
D =24cm d =12cm
Re; = 10° C =097 p = 1329 kg/m*
v =002 x10"° m?/s
1
M= ——— = 1155
1—(4
- (3)
2
105 = My, — 1667 mis
%
U, = CM[Zﬁ JAg Ap = 1.47kPa
P
7-29

K ~ 063 =CM

2
Ap =147 097 = 3.48 kPa
0.63
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7-31
m = 1kg/s p = 30 atm
T =20°C =293K

12 172

2/0.4
1 = 4,(30)(1.013 x 10°) _ @0 ﬁ[i]
(287)(293) 24|24
md”

4y =1393 x107* m? =
d =00133m =133 m

7-32
Py = 2p; = (2)(1329) = 2658 kg/m’

7-34
p = 983 kg/m’
2
m = (983)%%?(8) = 34.74 kg/s
= 4591 lbm/min
2

V = AV = M(S) = 0.03534 m’/s

=35.34 Us

= 560 gal/min
7-35
p = 612 kg/m>

612
m = |——1[34.74) = 21.63 kg/s
[983 ]( ) g

= 2858 Ibm/min
Volume flows are the same.

7-36
T = 40°C = 313K = 563°R 4 =1.86x10"° kg/m-s
5
p=L = A sskg/md
RT ~ (287)(313)
50,000 = M,V = 4.18 m/s
1.86 x 10~
= (4.453)(4.18)7(0.025)> = 0.0365 kg/s
= 4.83 Ibm/mm

Standard volume = E = w

p (14.7)(144)
— 13.31 ft°/Ibm
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V = (4.83)(13.31) = 64.3 SCFM

n(5)*
4

V= AV = (418) = 8207 cm’/s
RT _ (287)(293)

= 0.83m’/kg
P 1.01x10

Standard volume =

=83 x10° cm’/kg
V = (8.3) x 10°)(0.0365) = 30,293 SCCS
— 1.81 x 10° SCCM

7-37
Re (throat) about 200,000

d(throat) = %(5) = 2.5cm

About a2” x 1” venturi
From Figure C ~ 0.972

7-38

1/2 1/2

6 2

0.5 = Ay(1 x10%)|———
(287)(373)

14( 2 2/0.4
2424

2
dy = 229 %104 m? = P92

dy = 0.0174 m

7-39

Poind — Po — 001

- 3 .
3 P

p 3
= — = 1.205 kg/m
P RT g

1

»  (1.205)(20)%
—pU2 = =282 941 Pa
P 2
Poind = latm + (0.99)(241)
= 101,558 Pa
7-40

Apgiat = 2% Pgyn

Apgyn = 1% payn

Apgtag = —1.8% Pyyn

Payn = 241Pa

Payning = (241)(1.01) = 243 Pa

Peating = 1.0132 X 10° + (0.02)(241)
~ 1.013 x 10°

Pating = 1.0132 X 10° + (0.98)(241)
= 1.01556 x 10° Pa
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7-41
p = 998 kg/m’ 4 =98x10"*kg/m-s
Re — (998)(3)(5)(0.04254) 388 ¢ 105

9.8 x 10~

B = 0.5; Flow coeff = 0.62

1 2 12
— AV, = 43) = (0.02)| = 4 ||—=—| A
0 4 13) = ( )[2 1]\998 \p
Ap = 46,.730 Pa = 6.78 psia
7-42
_ 12 _ 12 _
a = (yg.RT)? = [(1.4)(287)(283)]I'"? = 337 m/s
_ 790 _ 5076
7
[(2)(1.4)} 2.07 6)2 04 1/0.4
Poo 24 : 2.4
P _ — = 0.1656
Po, [(2.4)(2.076)] wE
2
40
— — 241kPa
P, = 01656
7-43
088 — Js(0-003)
f, = 1173 Hz
7-44
C =097 Re > 10° d = 0.5in.
105 — PUn(0.1512)
2.37
2
(105)(2.37)n(%)
o= I — 7756 Ibm/hr
(%)@
M = ;1/2 —1.0328
2
1 1
(4
For Re = 10° flow i = 77,560 Ibm/hr = 21.5 Ibm/s
215

0 = =2 = 0.345 ft° /sec
62.5

0 = CM4, 2;2)0\/5
05 )2 12

0.345 = (0.97)(1.033)”( f (2)32.17)

0.24

Ap = 249 Ibf/ft> = 1.73 psi
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7-45
Figure 7-40
0 = 30° Poo = 200 kPa
T, = 50°C = 323K
Do ind *2 Po _ 4
jpuoo
p— L 200000 s 0

T RT  (287)(323)
%pugo = (0.5)(2.158)(20)> = 431Pa

po = 200,000 + 431 = 200,431
Po.ind = (07)(431) + 200,431 = 197,414 Pa

7-46

AtO =8

Py = +1.1% of pyyn

Pagn = +0.5% of pgyp

Potag = —0.8% of pyyp

ps = 200,000 + (0.011)(431) = 200,005 Pa
Pagn = 431 + (0.005)(431) = 433.2 Pa

Pag = 200,431 — (0.008)(471) = 200,428 Pa

7-47
T, =0°C =273K p = 20kPa
C = 20.044273 = 331 m/s M = % = 1812
1/2

{[%}(1.812)2 - 0.412.4}
Poo _ : = = 02116
Po2 [1.2(1.812)°T"

20
= = —945kPa
Pox = 05116
7-49
T = 20°F = 480°R = 267K p = 0.95 atm
CH,
267

vy at 0.95 atm and 267 K ~ —— = 281
0.95

yat 1 atm and 293 K ~ % = 293

Factor to convert to SCFM = % = 1.0425
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7-51

. . d
d =075in. D =15in B:ﬂ:O.S
Re = 10,000 CM = 0.63 T =25°C

p =622 H# = 2.08 Ibm/hr-ft
10,000 = (62'2)Um(1'5112);Um = 2675 o 0.74 ft/s
2.08 hr
© 74)7I(Q)2 2 ”
_ . 12 _ n( 0.75 (2)(32.2) 12
= 12/ _ge3—| 2| |22 Ap
4 41 12 62.2
Ap = 21.3 psf
7-52
SG = 0.82 1 atm, 25° C = 298 K U =30m/s
W, = 0.1mm p = 1.18 kg/m>

by = % pul = (0.5)1.8)30)> = 533 Pa

= 11.16 psf = 2.615 in fluid = 66.42 mm fluid
1/2

1/2
[Zpd] 2pyRT
UOO = | ——— = | ——
P p
2 1/4
2
Wy _|1|Wa 1(rr
Ugo 4\ pa 4T

1/2
1

01 (12
= _— —|— _
2|l 66.4 298

= (4.63 x 107912
W, = (30)(4.62 x 1092 = 0.065 m/s

7.53
Pind = Poo 5100 = T — —40°C = 233K
ionc
Ping = 22,000Pa M = 0.8 ¢ =20J233 =306 2
S

Ugo = (306)(0.8) = 245 ml

22,000 — p, = (0.03)(0.5){”’—00](245)2

(287)(233)
= 0.0134p,

P = 21.7kPa
7-54

PP — —0.01

ijoo
22,000 — po, = —0.0045pg

Do = 22.1kPa
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7-55
231
1728

= 8.8896 x 107> m>/min
=1.483 x 1074 m’/s

p = 1329 kg/m®

m = (1.483 x 107)(1329) = 0.197 kg/s

2.35 gpm = (2.35)[ ] = 0.314 ft*/min

7-56
po = 800 kPa + 10 kPa Ty = 50°C = 323K £ 10
C=097+05% d=2cm pe; = 100kPa
2 12
i = PO027 000.000) — 2| 0234472
4 (287)(323)
= 0.565 kg/s
1/2
2 2
w (W,
Wii = || =5 + —[—T]
p 4\ T
1/2
10y 1(1 )
= _— + —_] —
800 4323
=0.0126
W, = (0.0126)(0.585) = 0.0071kg/s
7-58
P, = 15 psia T, = 120°F = 580° R
U, = 100 ft/s 6 =10° p = 0.0698 Ibm/ft>
1 5 (0.5)(0.0698)(100)
Pa =5 PYeo 32.17 P
= 0.0753 psl

ps = 15 4 (0.0753)(0.02) = 15.0015 psi

pg = 0.0753(1 4 0.005) = 0.0757 psi

Pstag = (15 + 0.0753) — (0.0753)(0.015)
= 15.0742 psi
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7-59
1/y—1
2y r-1]”
P _ 7Nyt
p()z pant yly+1
2
yi1 1/y—1
N Van N
(7!
[T
) yiy=1
Syt

= same as Eq. (7-23) as expected

7-60
dy = 2.5cm d, =50cm
B =05 Ap = 1932 mm H,O = 39.6 pst = 1.895 kPa
750
= 400 + (101.3)] — | = 500 kPa
P ( )[ 760]
T, = 27°C = 300K
A _ 189 66047 ~ 10
P 500
MC = 0.63
2
gy = OO g 1074 m?
p =2 = B0 _ 5 ey 03
RT;  (287)(300)
i = YA,CM[2g,App;]"?
= 0.046 kg/s
7-61
12
i = (0.046)| 22| = 0.014 ke/s
1932
7-62
WAp = +12 mmHzO
Wp1 = +10 kPa
Wy = +2°C = +2°K
12
2 2 2 2 2 2
win _|\(Way 1}+ﬁ 1 +&J 1]
m Ap 2 p 2 T 2

For Problem 7-60 % — 0011 =1.1%

For Problem 7-61 W7 — 0.033 = 3.3%
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7-63
Y=10 C =098
M = _ = 1.033

4\1/2
- a4
i = YCMAy[2g mAp]"

= (1.0)(0.98)(1.033)(4.9 x 10~H)[(2)(5.81)(1895)]"/?
= 0.074 kg/s

7-64
1/2

190 = 0.023 kg/sec

= (0.074)] =
m = )l1932

7-65
From Table 7-1
Problem 7-60 Ap(loss) = (0.78)(1932) = 1550 mm H,O

Problem 7-61 Ap(loss) = (0.78)(190) = 148 mm H,O
Problem 7-63 Ap(loss) = (0.1)(1932) = 193 mmH,O
Problem 7-64 Ap(loss) = (0.1)(1900) = 19 mm H,O

7-74
Rotameter with air
T =10°C = 283 K

p = 400 + 100 = 500 kPa
Rating = 100 L/min at full scale and 1 atm, 20°C

Volume flow at meter condition = Oy

s 00 )28
101 J{ 283
= 256 std L/min
At standard conditions
-3
ey = (256 x 107 7)(101,000) — 0307 kg/min

(287)(293)

At meter condition
)10
293 J1 500

= 0.136 kg/min

172
g = (0.307)

7-75
Properties of water

p = 997 kg/m>
4= 9.8 x10~* kg/m-s
v =lp=987x10"" m?/s

= 0.987 cSt
1 gal = 3.777 kg
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The approximate range for +/ — 0.4%

is 60 to 600 cyles/s-cSt.

The frequency range is

JSiow = (60)(0.987) = 59.2 cycles/s

Jhigh = (600)(0.987) = 592 cycles/s

The flow coefficient K = (1092)/3.777 = 289.1 cyc/kg
The flow range is

Mgy = 59.2/289.1 = 0.204 kg/s

Mpion = 592/289.1 = 2.04 k/s

7-76
p = (2)(1.013 x 10°)/(287)(293) = 2.41 kg/m’
Paynamic = (2.41)(10)%/2)(1) = 120.5 Pa

7-77
d = 025in = 635 mm
D =0.5in = 12.7mm

P = (10)(1.013 x 10°)/(287)(313) = 11.28
From Figure 7-14 f = 0.5,

palpy = 0.8,Y = 0.88

M = 1/[1-(0.5*1"? = 1.033

Ay = 1(0.00635)%/4 = 3.167 x 107> m?

C =097

m = (0.88)(0.97)(1.033)(3.167 x 107°)

x [(2)(1.0)(0.2)(10°)(11.28)]%>
= 0.059 kg/s

7-78

Py = (2)(612) = 1224 kg/m®

7-79

Using Eq. (7-24) with C = 0.97and y = 1.4
with p; = 20 atm = 2.026 x 10 Pa, T, = 323K
gives

Ay =329 x10"*m?

7-80

p; = (5000000)/(287)(323) = 53.94 kg/m®
4 = 55x10"* kg/m-s

Re = 50,000 = (53.94)(0.05)/5.5 x 10~
u =102 m/s

m = (53.94)(10.2)7(0.05)%/4 = 1.08 kg/s
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Take C = 0.973 at Re = 100000

Using f =0 and? =1

1.08 = 0.973[1 — (0.5)*]7(0.0125)?
x [(2)(53.94)Ap]">

Ap = 53,930 Pa

Ap/p; = 0.0107 and y = 1.0 justified

7-81
d = 0.004, Re = 110,000

£, = (0.88)(3.9)/0.004 = 8580 Hz
7-82

M =075, T, = —35 = 238K

p = 33kPa, c = (20)(238)"% = 309m/s
u = (0.75)(309) = 231m/s

By = ps = (1/2)pu

p = 33,000/(287)(238) = 0.483

Po = 33,000 + (0.483)(231)*/2
= 45,887 Pa
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8-1
9
°F = 32.0 + EOC For °C = °F

°F = 32.0 + %"F

°F = °C = —40.0°

8-2
Tine = Tind — 0.000088(T;ng — Tymp)D
Error = 0.000088(Tg — Tymy)D

Error = 0.123°F

8-3
r
q
r ——
f
7 d
s
0 — 180s
zr
180 — @
¢= 2
C = 2rsing
2
d = Ccos¢

z{3(1 Fm? 4+ + mn)[m2 + (1)

1
mn
r =

}

6(cry — o)(T — Ty)(1 + m)?
For T — Ty = 38.3°C

r = 26.71in. C = 4in.

6 =286 d = 0.30in.
@ = 85.7°

For T — T, = 37.2°C

r = 274in.

8 = 8.35°

¢ = 85.82°

d = 0.292in.

Chapter 8

114



SM: Experimental Methods for Engineers

deflection at +1° = 0.0081n.

ForT — Iy = 38.9°C ForT — Ty = 36.6°C
r = 26.2in. r = 27.91n.

0 = 8.75° 6 = 8.22°

¢ = 85.62° ¢ = 85.89°

d = 0.306in. d = 0.286in.

deflection at +2° = 0.020 in.

8-4
d =Ccos C~s
d = Ssin%
r
1/2
2 2
od od
W, =||—W,| +|—W,
o= || 5]+ |G|
5 51172
w, :| sin%—l—icos%](Ws)] + [Scos%][i](Wt) }
v 2r v zr )\ r
For T = 150°F
5
r = W — 102in. W, = 0.0001358 in.
1°F .
———— = 125°F/in. Wr = 0.01695°F
0.008 in.
For T = 200°F, » = 27.0in.
W, = 0.00149in. Wr = 0.186°F
For T = 300°F, r = 10.92in.
W, = 0.00365in. Wr = 0.456°F
8-5
_ —5~—1. _ —5~—1
o =135x107°C™ 5y = 2.02x107°C
6
n = M = 1.855; m = w = 0.714 + 0.017
14.0 x 10° 0.014 + 0.0002
_ _ 2
d = Ssin = §sin— 0@ — )T — Tp)l + m)s
2r 2;{3(1 )+ ()| L }

For small deflections sin@ = &
. 0d  _ 6(cr — o)1 + m)*(s)*
AT —Ty) 2t{3(1 +m)? 4+ (1+ mn)[m2 + ﬁ

}

_9d__ _ (.00292in,F
ar — 1,
1/2
2 2
Jsen Osen
Hon = [ o W] WW'"}
-5
W, = 3.70 x 1075 in,/°F 27X 00 = 1.27%
2,92 % 10
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8-8

Temperature level = 200°F
At 250°F 5.280 mv
At150°F 2.711 mv 0.02569 mv/°F

2.569 mv
War & ~ 005

AT R 5

R =22 g4my
0.01

(AT)(0.02569)n = 0.4 mv

n =23t usen = 4

From Table 8-3

= 0.01

8-9

Temperature level = 400°F
At 350°F 7.20 mv

At 450°F 9.43 mv

2.23 mv
S = 0.0223 £ 0.0001065 mv/°F

R = (AT)(S)(n) = 0.1705 + 0.002 mv

War = AT{[%JZ N [%ﬂm

War = 0.051°F or 1.275%

8-10

g m 5]

3420(L— 1.
2,315 = l,OIOe[ (T 36("5)] T = 337°K
or ¢ (or. V|
Wy = || —Wp | +|—W,
T [aR R] R, ROJ
lnizﬁi—L Ine [lne = 1.0]
Ry T T
r= RIB B
InR L2
"k T
2 2 1/2
A B
7 _b
WT = . 2 (WRO) + R IB z(WR)
R R
(lano‘i‘ TO) lnf"'?o)
Wy = 0.1135°K
8-12
Egy = 1.133mv T = 1560°F

Epor = 35.28 — 1.133 = 34.15mv
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8-13
[} c
A

E:€A—€B+€C—€D :491—794+194—0
E = +1.09 mv

8-14

Iron constantan.
Interpolate in Table 8-3.
32°F < T < 369.8°F
Wr _ W

= — = 0.0025 — Wy = £0.925°F
T R

Copper constantan.
264°F < T < 415.8°F

Wr = £1.04°F

Chromel alumel.
26.85°F < T < 475°F

Wy = +1.188°F
8-16
E = oeT?
1/4 174
r—|E] _ 28’0008 — 860.74°K
oe (5.668 x 10~%)(0.9)
5 1/2
W _ W\ W | [P
T 4|l E £
1/2
_1](04) | (005
4] 28 0.9
= 0.01434
Wy = 12.34°C
8-17
Wy = W)y = £225W/m*
(ql4), = 2.23(ql4), T, = 280 + 0.5°C = 553°F
gld ~ eoT* g = 0.95 + 0.03

£ = 0.72 + 0.05
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826T24 == 2.23(8]0-714 )

1/4

_ | 223095 (553) = 724.3°K
0.72
Uncertainty results either from (g|4), and &, or &, 7], and & whichever combination is worst.
1/4
For (g4), and &, T, = a4
&0
or, 1| qa] Mt 1
gl 4 £0 &0
or,  1[ga* 1
0e, dleo| |edo
5 ) 1/2
W |1 (W), L[ZJ
7, 16| ql4 16\ €

gld = (0.72)(724.3)*(5.668 x 10~%) = 11,231 W/m?
1/2

W 2 2
Lo 1 22 +[—O'05} — 0.01807
T,  4|(11,231 0.72
I/VT2 = 13.09°K For 81,]1,82:
1/2
/4 2 2 2
7, = |82 . We, |1 Pa| | [P | [T
&y T2 16 & 16 &y Tl
= 0.01909
Wr, = 13.83°K

This is greater so it is taken as the uncertainty.

8-18
&
ht(Tg - Tz) = l—¢ (Ebt - Jt)
t
£, E
Ebt[ﬁ} + FreEpe + bs
‘ 1 I S R
J _ Et: gs s
t F £ 1
te T _(1_£z) T 1 1 1 A
R )Tl T
For 4, < 4,
2165981 1 168
J, = —L%Z} = 1765
02 +1
£
T, =——" (E,—-J)+T 1
= ey B I T, 1)
T, = 1400°F
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For the shield removed:
hA(T, — T)) = O'Ae(T,4 - T;‘)

E,. —J E. —E
Wrs(Ty = T) = Ty ey T T T
(ET)(T})”L?S_ & Fy
2hs(T, — T.)
Ebe = Ebs -—8 = (2)

&s

Solve T, in equation (2), then use equation (1) to find 7;.

8-19
;. _ 86.60 + 0.01E, + 146
! 0.041 + 0.0087

J, = 1772 + 0.0201E,

£
ht(Tg -T) = : (Epe — J1)
1 - ¢
T, + 0.0402E,, = 1386 )
Also:
2hy(T, — Ty) = EZS — i + 1Ebs 1_ Ebel gives:
1A 1 _ —— 1+
(F;S )( Af ) + & 1 & Ewe
T, + 0.06807 Ey, = 106.75 @)
Solve (1) and (2) simultaneously.
Tg = 1467°F
For the shield removed:
W, —T,) = oel! — £Ey,
201927 — T)) = oeT* — (0.8)(19,950)
T, = 1390°F
8-20
AT, — T)) = agA(T;‘ - Tg‘)
U, = 3m/sec P = 1.0atm
T; = 115°C = 388°K T, = 193°C = 466°K
e =0.08 £ 0.02 d = 6 mm
WT: = 1+0.03°C Tf ~ 410°K
v =27.06x107° Pr = 0.68
k = 0.0343 Re — —OX0000) 665
27.06 x 10~
= M(0.683)(665)0-466(0.68)“3 =103.9 W/m? — °C
0.006
O'S(T,4 - Te4)
Ty=———+T,
-8 4 b
_ (5668 x 10-)0.08)388" — 466" | oo
103.9
= 386.9°K
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2 2
or, oT, oT,
W — g g | w2 g | w2
T ~lor, "% " | on ] P oe ) E
= [(1.01)%(0.03)> + (—0.0103)%(15.59)% + (—13.361)%(0.02)1">
=[9.181 x 10~ + 0.0258 + 0.0714]"2
= 0.313°K (k and & control)
8-22
—8 4 4
T, - (01714 x 10~)0.57)[A475)* — 1660)*] | 1cop
5.0
T, = 454°F
1/2
w, aTgW2+aTgW2+8TgW 2+8TgW2
e =1l on " or, oe, & orT, e
= {[(112.1)(0.750)]* + [(3.51)(1.0)]> + [(—985)(0.04)]> + [(—2.58)(20)*}/
Wy, = 101.7°F

For chrome plated:
T, = 956°F

Wy, = ([(11.8)(0.750)1 + [(1.264)(1.0)]> + [(983)(0.021)]> + [(0.624)(20)]*}"/?

Wy, = 25

8-23
e ="C = v = pmL A= 2mrL
ha’

_ prC (555)(0.095)

= = 79.2 sec
2h 2(12.45)(8)(12)

824

BA(T, — Tp) = ode( T}~ 1)
T, = 1660°R; T, = 1960°R

1/4

_ T, - T
Take h = 0.27| £—
T T 5/4
0.27% = oe(1} - 1)
d

_ 5/4
0.27dr Z 166077 (0.17174 x 10_8)(0.78)(19604 - T;‘)

(L)IM
96
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Use trial and error method to solve for 7.
T; ~ 1940°R

T-T, _ e(—hA/mc)T T 7_];' =05

Ty — Ty L-T

T = 0.5(1940 — 530) + 530 = 1235°R

haimeyr _ 1235 —1960 o (A o o
530 — 1960 me

(555)(0.095)ﬂL{(916)2 B (ﬁ)z

[29.9][7:(%)4

7 = 0.678

7 = 34 seconds

8-25

7T =R.C =12sec

Bl R _ o = 0.125
E ), R+R

Take R, = 0.12x10°Q  than C = 10pf
even mult value
R = 0.125R + R,)

R = 0.01712 megaohms
R. = 0.12 megaohms

c =10 uf
8-26
r = 098 = 0.01 M =30 T, = 380 £ 1.0°C = 653°K
T + =125y
T, 2

r_TrfToo_TrfToo

T,—T, 18T,

S R 653 = 236.25°K
187 +1  (1.8)(0.98) + 1

0o _ 1 _ 3618

T, 1.8r +1

oT,

= T+ 1)72(1.8) = —153.85
.

Wr_ = [(0.3618)°(1.0)* + (~153.85)*(0.01)*]"*
= [0.1309 + 2.367]"2

— 1.58°K

827

Nup — %;GrL _ ngﬂ(TZz_ Tp)L3 _ Eft
T, = Tp thw _ 954110 o) sop

2 2
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From Table A-8 — air at 102.5°F

4 = 0.046 lbm/hr - f ¢, = 0.240 Btw/lbm-°F

Pr = 0.706 B = Lo gxi0t R

°R  562.5°R
kyir = 0.0157 Btu/hr - ft - °F o= = 4D 5705 om0
RT ~ (53.35)(562.5)

Gr; = 9.65x10° — (Gry)(Pr) = 6.82 x 10°

From Table 8-5 — Nuz = 0.59(Gr; Pr)"/* = }T%

_ 4\1/4 _

7 _ (00157059682 x 10H"™ o o Bt2u

) o
T, — Ty) = ot(T;j - T;‘) o = 0.1714 x 1078 Btu/hr - ft2°R*
T, = 79°F t = 0.7+ 005
oT,,
Wos = W, W, = 0.05
-8 10

Ty _ g(T;: _T;) _ (0171410 )(l.?xlO ) _ 5125 10!

e h 8.06 x 10~

Wy = 1.065F
8-28

KT, ~ T,o) = o1(Tyd = T, where t = 0.05 % 0.01

(0.1714 x 1078)(5.0 x 1072)(1.0 x 10'%)

T = 95°F —
> 8.06 x 107!
oT,,
T = 938CF; Wy = 22, = (2125)0.01) = 0.2125°F
> E

8-29
(0.9)(5.669 x 10~%)(308% — 294%) = (5.0)(298 — T,)
T, = 286.6°K = 13.6°C

8-30

T, = 50°C h =20 W/m? — °C

d = 3.0mm Ty = 20°C
p=7817kg/m> ¢ = 0.46kI/kg-°C
hd _ hd (20)(4)72(0.0015)>

me  pcV (7817)(460)(g)(ﬂ)(o.oow)3

= 0.01112 sec™!
Time constant = 89.9 sec
r—T, _ 00111127
TO - Too

122



SM: Experimental Methods for Engineers

Chapter 8
8-34
=03
(50)(T, — 373) = (5.668 x 107 °)(0.3)(373* — 293%)
T, = 377K
8-35
For polished aluminum & = 0.09
T, = 3742K
8-36
m =1 n=1.52

o =1.7x10"% e, = 2.02x1073
t=06x10"m

I, = —10°C I —Ty = —40
7, = 120°C T, — Ty =90
Inserting in formula

n = —0546m

r, = +02427m

o L.g - 002
—0.546
0.025

h = = 0.103rad = 5.9°
0.2427

= —0.0458 rad = 2.62°

Deflection angle of strip ~ 9

Deflection = Lsin[g]

Deflec l; = (2.5)sin1.31 = —0.057 cm
Deflecl, = (2.5)sin2.95 = 0.128 cm

8-37
Ry = 8000 Qat 0°C = 273K
at 200°C = 473K R =10

10 epl g - L
8000 PP 43 " om
B = 4316K
8-39
p = 7894 kg/m> ¢ = 452/kg - °C
3
. (7897)(0.5)(0.1)(50.005)(2.54) 452)
10
= 0.0146
2
o — (100)(2)(0.5)g0.1)(2.54) — 0.00645
10
T = me _ 2.26 sec
hA
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8-40
k = 73 W/m°C
100 W/em? = 10° W/m?
4 _ AT
A Ax
6
Ap — (10°)(0.005)(0.0254)
73
8-41

T, = 32°C = 305K
T, = 50°C = 323K

(5.669 x 10—8)(0.9)(3234 -

8-42
T, ~ 32°C

8-43
T, = 550°C = 823K
e =038

(5.669 x 10_8)(0.8)(8234 -

T, = 787K = 514°C

= 1.74°C

=09
h = 7W/m>-°C
1) = ()T, - 309)
T, = 314K = 41°C

h = 30 W/m?-°C
T, = 400°C = 673K

1) = GO, - 673)

8-45

Epo = (5)(8.314 — 1.520) = 33.97 mV
8-46

AL SOF o _ 0.526 + 0.885

50

0.2°F = 0.00564 mV

= 0.0282 mV/°F

Comp. volt based on 32°F = 0.526 mV

8-47
_ 4
Epng = 0Ting

]2

T4 = 300°C = 573K
T, = 315°C = 588K

1/2

E, = SO'Ta4
) (573
e |1 :[—] — 0.902
T, 588
W, W,
We _ 16| 20| 4 16| e
£ T; a
— 0.0097

W, = (0.0097)(0.902) = 0.0088
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8-48
T, = IT;'4 _ 40 +§Z3 = 742K = 469°C
£ 0.902
8-49
d = 1.0mm p = 2400 kg/m’
h = 275 W/m?-°C ¢ = 650 J/hg->C
T, = 50°C k = 0.85 W/m-C
hs = 25 kt = 75 W/m-°C
L ~ 00 T, = 220°C
! ! 1.157

T n2mn (275)27)(0.0005)

kA = (25)7(0.0005)> = 5.89 x 107>
tanh(co) — 1.0

kA
x =8 — 5344
nrk
i = s @0.0005) 647
k 0.85
F(Bi) = 1.286
T, — 220 _
b _ 534400147 _ oo
T, —50 5344 +1.286
T, = 917°C
8-51
T, = 20°C = 293K r =09
T, = 293)[1 + 02(3)%] = 527K
r:0.9:Tr_—293 T, = 504K
527 — 293

(5.669 x 10—8)(0.9)(n4 - 2934) — 180(504 — T))

T, = 490K = 217°C

8-53

(5.669 x 10*8)(0.07)(T,4 _ 2934) = 180(504 — T))

T, = 502K = 229°C
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8-54
€ = 0.05and 0.8
AtT = 210°F = 670°R t = 0.05

E = 0(0.05)(670)*

Ate = 0.8
E = 0(0.8)(670)* = 5(0.05)T;*

0.8 1/4
T, = [— (670) = 1340°R = 880°F
0.05
8-55
d = 12mm r = 6 mm
Copper p = 8890 c = 398 h =97
T, = 100°C Ty, = 20°C T = 25°C
hd (97)47(0.006)>
me (8890)(%)7[(0.0006)3(398)
1
T =
0.01371
25-20 _ 001371
100 — 20
t = 202 sec

= 0.01371

= 72.95sec

8-56

18-8 ss p=7817T ¢ =460
T, =0°C T, =25C h=3800
hd _ hmdl (4)(3800)

me pr Le (7817)(0.05 x 1073)(460)

— 84.5sec”!
7 = 0.012 sec
1-0 _
— ¢ 84.5¢t
25—-0
t = 0.038 sec

8-57
7(°C) E(uV) Ch-AL
30 1203
100 4095
150 6137
200 8136
250 10,151
AE = 10,151 + 8136 + 6137 + 4095 — 1203
=2732mV

8-58
Ni-Al S = —5—(=3.5) = 18.5uV/°C
Ni-Cn S = —35— 25 = 60 uV/°C
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8-60

Esp = 0.836 mV

Ejgo = 1.785 mV

E(total) = 10(1.785 — 0.836) = 9.49 mV

8-61
EO - O
E(total) = 10(1.785) = 17.85 mV

8-62

Egpp = 1437 mV

Espp = 11.603 mV

E(total) = 10(14.37 — 1.603) = 27.67 mV
Substantial difference

8-63
T = 600°C  E(K) = 24,906mV E(J) = 33.102mV
T(ref) = 25°C  E(K) = 1.000 E(J) = 1.277

At 600°C E(K) = 24.906 — 1.000 = 23.906
E(J) =33.102 —1.277 = 31.825
If type J installed the temperature readout on a type K instrument would
correspond to 31.825 + 1.000 = 32.825 mV.
T(K,at 32.825mV) = 789°C or an error of +189°C

8-64

WA(T, — T,) = oed(T* — T,

T, = 28°C = 301K, T, = 0°C = 273K

=09 h =14

Solution of equation gives 7, = 310.7 K = 37.7°C

8-66

k, =170 kg =5 d = 2mm

hy =15  h=125 T, =125°C T, = 20°C
m2rr (125)(27)(0.001)

k4 = (70)r(0.001)> = 2.2 x 10~*

L — oo and tanh(co) — 1.0

12
2.2x10
1.273

Xx=1""1 _ 0837
(0.001)(5)

Bi = w — 0.003

F(Bi) = 1.273
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T, —125 —
) _ 0.837 — 0.003 — 0395
T, —-20 0.837 +1.273

T, =194°C

8-67
kg = 70; all other values the same

2
( 2.2x10 )

_ V2B ] 0598
72(0.001)(70)
pi = 1DO00D 5 o4
70
F(Bi) = 127

T, =125  0.0598 — 0.00021
T, —-20 0.0598 + 1.27

T, =130°C

= 0.0448

8-69
€=03%0.03 T = 350 K and 600 K
Wg = £1% of Ej, at 500 K

Ep(500 K) = (5.668 x 108)(500)* = 3543 W/m?
1% = 354 W/m? = Wy

1/4
E = oeT? T = i]
o€
1/2
2 20,32
Pr _ || e 1 + Pe L
T £ E 4

At350K  E = 0e(350)* = 255 W/m?

At600K  E = 0e(600)* = 2203 W/m?
1/2
2 2 2
At350K Wr 0.03] +[l] 35.4
T 0.3 4) | 255
= [0.01 + 0.0012]"2
= 0.106
1/2
2 2
At600K T _ oo | L] 224
T 4) (2203
= 0.10008

Most of the uncertainty results from the uncertainty in &.
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8-70
£ = 0.8+ 0.04
2 1/2
Atzsok 2 ([ 205 60012
T 0.8
— 0.061
1/2
2 2
At600K 2T —loo02s o [ L] [ 224
T 4) 12203
— 0.0502

Still, most of the uncertainty results from uncertainty in &.

8-71
Type E thermocouple
W = 41.0°C or 0.4%
2 D) 1/2
a. WAT = [VVT1 + WTZ]
= +1.41°C

b. Sensitivity (mV/°C) should be same for all junctions and give better

determination of AT.

8-73
T, =65, Ty = 20°C
7 = mc/hA
= (2675)(0.004)°(921)/(24)(0.004)%(6)
= 6845
Att = 3425 (T — 65)/(20 — 65) = ¢ 03
T —37.7°C

From Table 8.3a £ = 1942 mV

8-74

-~ 4 4
W(T, — Too) = O'E(Te - T, )
£ =025

(40)(86 — 30) = (5.669 x 10~8)(0.25)(Te* — 359
T, = 646 K = 373°C

8-75
£ = 0.09

T, = 821 K = 548°C

8-76

Ry = 1000 at T = 250°C = 523K, R =1
1 = (1000) exp [B(1/523 — 1/273)]

B = 3945K
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8-77

=07, T, = 600°C = 873K, T = 350°C
h = 40

(40)(T, — 623) = 5.669 x 10_8(0.7)(8734 - T,4)
T, = 798 K = 525°C

8-78
T, = T/e' = 673/0.902°%% = 690.6 K = 417.6°C

8-79
Let T; be indicated temperature.

True temperature will be

Te = T;(0.7/0.08)"*
1.72 T,

8-80
Platinum-constantan = 0 — ( —35) = 35 mV/°C

Platinum-nickel = 0 — ( —15) = 15mV/°C

8-81
Chromel-constantan at 100°C = 6.319 mV/junction
E(15 junctions) = (15)(6.319) = 94.785 mV

8-82

£=085T =17°C = 290K

h=10,Tw = —10°C = 263K

(10)(T, — 290) = (5.669 x 10~)(0.85)(290* — 263%)
T, = 301 K = 28°C
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9-1
k = 0.352 W/cm-°C at 0°C

4 _ 35|47 = ky 4ar
A dx Jr_o dx )y

T —277.3 = 0.0551x> — 14.787x + 0.0457
from Excel quadratic fit as shown

AT 01102 — 14787

dx

T = 0°at x = 20.29 ﬂ] — 12551
X )oec

4418
kT ==
(14.787 — 0.1102x)
T and £ table as function of x. Then plot of & as function of 7. Excel spreadsheets are shown.

A B C D E | F T & T w [ 1 1

1_Ix T T-277.3 |k 0.36 i ‘
2 o 277.3 0| 0.20878 k
3 3.14]  231.6 -45.7| 0.30594 088
4 6.28] 186.5 -90.8] 0.31345 0.34
5 9.42 143] -134.3] 0.32133 0.33 AN
6 12.56] _ 100.3] _ -177] 0.32963 032 .
7
z 0 0.352 o N
5 50 | o3 \v
10] o ’ 1 oz ' '
11] s 5 10 18 20 m T-277.3 : ) 50 100 150 200 250 300
12 x

-100 Poly. (T-|
13 N 27ry
14] -150 N Prob 9.1
151 -200
13 -250 \
18| 200y = 0.0551x% - 14.787x + N\
o 0.0457

-850 T T ]
20 R% = 1x
21 | 1

A B (o] D
1 [x T T-277.3 k
2 |0 277.3 |=B2-277.3 |=4.418/(14.787-0.1102*A2)
3 [3.14 |231.6 |=B3-277.3 |=4.418/(14.787-0.1102*A3)
4 16.28 |186.5|=B4-277.3 |=4.418/(14.787-0.1102*A4)
5 19.42 |143 |=B5-277.3 |=4.418/(14.787-0.1102*A5)
6 [12.56|100.3 |=B6-277.3 |=4.418/(14.787-0.1102*A6)
7 0 0.352

9-5
2
T = ,merl2 r_ +¥

For water at 100°F
4 = 1.65 lbm/ft-hr + 5%

T = 0.01705 in.-Ibf
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Using the simplified expression

2
r_ 2Urr i Lw
b
orT ? oT oT ? oT
Wr =1|| — W, + || — | + | =— |, + | =
T [aﬂu) o | ) oy |7 l[aL
5 1/2
oT orT 2
+|| = |W, + || = |
(o]« o
Wy = 0.000916 in - 1bf
For Glycerine at 100°F, same procedure
T = 0.0254 in.-Ibf
Wy = 0.00137 in-1bf
9-8
v = [0.0023% - %J x 1073 ft?/sec
v =2 = 04654 x 107 fi%/sec
P
L1 = 87.0 lbm/hr-ft or £ = 35.9 centipoise
9-9
fopt > 10 min .. use series solution
Fort = 600 sec
8 600 ~(9)(600) __(25)(600)
F == 16,600 4 — o 16600 | _— o7 16600 4 ..
n? 9 25
F = 0.856
xlA —|—xlB :10 xlA—xlB :0856
X4 = 928 X1 = 0.072

For + = 10,800 sec
Use two terms of series: — F = 0.422
Xig = 0711, X|1p = 0.289

9-10
.X]A + xlB = 10
F = X4 — XY = 0.8176

x4 = 1.0 — 0.0912 — 0.9088

_ 3912 1 3520 1 __9780
F =0.808/e ™ 4 —¢ “P 4 —¢ "
9 25
417
tOpt = 6250 sec D12 = 5
T opt

— 0.1645 cm? /sec
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9-11
= lopt
_ 1 _ 1 _ 1 _
F:%e 1 o a5 1) 49+__‘]
T 9 25 49

F =0297 +1.11x107° +45x 10713 + 8.65 x 107
1

t == Etopt

. P V) + 1 - + 1 252 + A o 4.
P 9 25 49

F = 0490 + 0993 x 107> +12x1077 +3.78 x 10~ "3
t = 2top

F = 3 e+ 16718 + Le750 + ie798 +
P 9 25 49

F =0.109 +1375x107° + 6.13 x 1072* + 44 x107%

9-15

Cu properties

p = 8890kg/m’ ¢ = 398 J/kg-°C
r = 0.0125m

T —-T, — exp _ hdr
T, — T pcv
T, = 95°C T, =35°C
h = 570 W/m?-°C

2
hA _ (570)(4)7(0.0125) o 0.03867 sec”!
Pl (8890)(389) % 7(0.0125)
PV 55 86 sec
hA
7(sec) T(°C)
5 84.45
10 75.76
20 62.69
40 47.78
60 40.90
9-16
4 _ AT 1053—2”,& — 6.66 x 107 ft
A Ax hr-ft“-°F

k = 0.4 Btu/hr-ft-°F

~ (10°)(6.66 x 107°)
0.4
S = Sy — Seonstantan = 6.5 mv/°C — (=35l /°C) = 41.5uV/°C

AT = — AT = —16.6°F

E = SAT = (41.5 x 10_6)[3](16.6) = 383 x 10~° volts/ junction pair

Etot = x 5pairs = 383 pv x 5 = 1.915 mvolts

pairs
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9-17
_ b P = 14.7 psia T, = 95°F T,, = 75°F
Pg
Py, at 75°F = 0.435 psia
P—P, )Ty —T
B =P - ( o) Tap = Tup) o as (14.265)(20)

2800 — T, 2725
P, = 0.330 psia at 95°F P, = 0.823 psia

P, 0.823

at B, = 0.330 psia
Dew point temp — 7, = 66.8°F

9-18

p = 2.06 x 10° N/m? Tpp = 32°C ¢ = 50%
_ _ (» = pew)Upp — Typ)

Py = b&W 1537.8 — Typ

Pea at 32°C = 4759 N/m?
p, = (0.5)(4759) = 2380 N/m?

SM: Experimental Methods for Engineers

Solve equation by iteration using Steam Tables to obtain p,,, as a function of T.

Solution yields Ty = 25.46°C.

9-19
k= [i]ﬂ _ (3000)0.002) _ 5 \w/m-°C
A|AT (0.3)%(55)

P 1/2

2

/4 /4
AT | q/4
AT 4

A

1/2

2
_ 193 2
= [55} + (0.01)

= 0.01139
W, = 02278 W/m-°C

9-20

Tyyp = 20°C Tpp = 35°C £ 0.5°C
Pow = 2339 Pa Py = 5628 Pa

b, = 2339 — (101,300 — 2339)(35 — 20)

1538 — 20
= 1361 Pa
1361

Trhp = 11.4°C = ——=0.242
br ?= Sens
Perturb bleC TWB = 21, TDB = 36
Paw = 2487
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(101,300 — 2487)(35 — 21)
1538 — 21

Wy +1)  p, = 2487 —

= 1575

o= 1995 _ oo
5628
Tpp = 13.8°C

OTpp 114138

09 _ 02420280 _ oo
OTyyg 1

24

(101,300 — 2339)(36 — 20)

(Tpg +1) P, = 2339 —

1538 — 20
= 1296
1296
Tpp = 10.8°C === = 0218
bp ?= Soa7
OTpp _ 114108 _ ¢ 02420218
0Tpp 1 ' OTpp 1
= 0.024
Wpp = [(—24)%(0.5) + (0.6)%(0.5)*]"2
= 1.24°C
W = [(—0.038)%)(0.5)% + (0.024)%(0.5)*]"2
= 0.0225
9-23
Tpp = 40°C Tpp = 25°C + 0.5°C
pg = 7384 Pa pv = 3169 Pa
¢ = % = 0.429

B (p = Pow)Tpp — Tyyp)
Pv = Pov =TS8 1y,
Twp = 28.4°C by iteration.
Assume DB exact and perturb DP by 1°C
to 26°C, p, = 3363

¢ = 3363 _ 0.455
7384
Typ = 29.2°C
0 _ 04290455 _
OTpp 1
OTyp _ 284-292 o

Wy = (0.026)(0.5) = 0.013
Wiyg = (0.8)(0.5) = 0.4°C

135

Chapter 9



Chapter 9

9-24

[lbfz' SJ 3. o X [36001] = 1.158 x 10° Ibm/hr - ft
fit Ibf s hr

9-25

T, = M;zo — 110°C = 383K

k = 0.032 W/m - °C v =248 x10"°m?/s
Pr = 0.7
(9.8)(3—2133)(200 — 20)(0.01)(0.7)

GrPr =
(24.8 x 107%)2

= 5242

h= %[2 + (0.43)(5242)"4] = 18.1 W/m? -°C

Copper
p = 8890 kg/m’
hd  (18.1)47(0.005)
peV (8890)(398) % 7(0.005)°
= 0.00307

=Ty _ 0003077
Ty — T

¢ = 398J/kg - °C

9-30
% — 100 W/em? = 10° W/m?2
k for 18-8 SS = 167.3 W/m - °C

( v )A’C (10)%(0.002)
kK 163

AT = = 122.7°C = 220.89°F

For copper-constantan thermocouple emf generated is 5.361 mV.

9-32

y = 50cSt W, =+1%

P 1000237 — LBED | 493

ot 1‘2

v = (50)(0.1076 x 10~%) = [0.00237 - g
t = 230.5sec

ov

21074 x107°
ot

—4
o (000538 x107%)

f —— = 0.5sec
1.074 x 10

%1073 ft?/s = 538 x 10*
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9-33
v = 0.001 m%/s p = 890 kg/m?
Re =5 d =1cm
Ap = 40kPa
U = w = 0.5m/s

0.01

2
0= 0572 30351075 mis
L mr'AB 7(0.005)*(40,000)
8uQ (8)(0.001)(890)(3.93 x 107°)
= 0281m

L Re

L_g12_Re
d 8§ 8

9-34

T = 400K AT =10°C

k = 0.03365 W/m-°C

d; = 6 mm L; = 50 mm
dy = 10 mm Ly = 125 mm

27LKAT  27(0.03365)(10)

n() (e

= 4.14W
935
q AT B 25
T Ax Ax (0.1 0.1
A () (5, (H)+ (%)
— 3080 W/m?
9-36
k ~ 0.05 W/m-=°C
Ax = 10 cm AT (sample) = 15 £ 0.2°C
W[%J = +1% W, = +1%
4 _ AT Ax — AT
Ax q
A

1/2

0.2 ) 1/2
= |(0.05) +[F] + (0.01)

= 0.0527
Wy, = (10)(0.0527) = 0.527 cm
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9-37
t = 140 =+ 1sec p = 880 kg/m’

1.93

v = (0.00237)(140) — == x 1073 = 3.19 x 107+ ft%/s

= 2.95x 10> m?/s
1= pv = (2.95 x 107°)(880)

= 0.026kg/m - s
9-39
U = 0.1 W/m?-°C cube 2 mm on side
p = 8890 kg/m’ ¢ = 398 J/kg-°C T = 20sec
qg  mcdTy
L% _wa, -1,
A Adr T =)
& WA

Solution: 7, — T, = <4 exp[—‘[] - l‘

) w mc

A= (0.002)> =4x10°°
Ud (0.4 x107%

_ s —1.413x107°
me  (8890)(0.002)*(398)

q
50 = ﬁ[exp(l.4l3 x 1075 x 20) — 1]

4 _ 17,690 W/m?>
4

9-42
% = (1413 x 1075) ﬂ = 0.01413
mc 10.1

q
50 = —4 [exp(0.01413 x 20) — 1
100[ p( ) — 1]

4 _ 15310 W/m?
A

9-43

Tpp = 40°C, Typ = 20°C

Figure 9-20: p, = 7500 Pa, p,,, = 2400 Pa

p, = 2400 — (101300 — 2400)(40 — 20)/(1537.8 — 20)
= 1097 Pa

Figure 9-20  Tiey point = 8°C

¢ = 1097/7500 = 14.6 %
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9-44

v = 60cSt = 6.458 x 10~* ft%/s
0.6458 = (0.00237¢ — 1.93/f)
t=275s

9-45

v = 0.0015m?/s, p = 750 kg/m’

Re = 600,d = 0.001

u = (600)(0.0015)/(0.001)(750) = 1.2 m/s

0 = Au = n(1.2)(.001)>/4=9.42 x 10~/

45,000 = (9.42 x 10~ 7)(8)(0.0015)L/7(0.0005)*

L = 0.782m

9-46

1 mol CH4 produces 1 mol or 44 kg of CO,

1 mol C5Hg produces 3 mol or 132 kg of CO,
At 1 atm and 293 K:

1 mol at 1 atm and 293 K

= (8314)(293)/101,320 = 24.04 m>/kg-mol

HHV(CH,) = (24.04)(1000)(37.3) = 897000 kJ/kg-mol
HHV(C;Hg) = 24.04(1000)(93.1) = 2238120 kJ/kg-mol

kg CO,/k] HHV

CH, = 44/897000 = 4.905 x 10~°

C3Hg = 132/2238000 = 5.9 x 107>

9-47

Ax = 0.09

g/A = 30/(0.09/12 + 0.09/65) = 3377 W/m>
9-48

t =150, p = 0.8(999) = 800
[0.00237(150) — 1.93/150] x 1073

= 343 %107 ft%/s = 3.18 x 10°% m%/s
1 = vp = 0.00254 kg/m-s

v
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9-49
p = 8890, ¢ = 398, A4 = (0.0025)>
U=015T, — T, = 40, 7 =155
Ts — Tw = (q/UA)[exp(UAt/mc) — 1]
40 = [(g/4)/0.15]
x {exp[(0.15)(0.025)%(15)/(8890)(0.0025)*(398)] — 1}
g/A = 23,590 W/m?

9-50
Repeating the calculation with U = 50 but all
other parameters the same yields

gl4 = 22,600 W/m>
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10-1
% indicated Error — 2 —"s 100
W
_ P [ Ps — Pu ]
Ps\ Pu = Pa
= 0_1415[530—/)“]
pu - pa
1— Pu
% indicated Error = 0.01415| — 2
Pu _ 0.075
) 530
T oeurgr
- N —= %
) \ > N
/’;—’: % Error
0 —-100
0.00189 8.09
0.0189 0.755
0.0944 0.136
0.189 0.0608
0.377 0.0234
0.944 0.0006
1.89 —0.00665
d d
oo —0.01415
10-2
AW _ 18 am =2 —1x107%
w 1x10 K
_ L"S — 436.0rad/g
180)(1 x 107)
10-3
F:A—LEy E = 283 x 10° psi

— 1.95 x 10! N/m?

141



Chapter 10

OF  AE

oy L

W OFW, W,

F oy Fy

y = (100)(0.025 mm) = 2.5 mm
A F 1100

A_L_ = —— =2255x10°°
L Ey (1.95x10")Q2.5x%x107)

Choose L = 0.1 m then

2
4 % = (0.1)(2.255 x 107%)

d =536x10"*m = 0.536 mm

10-4
Ymax — ﬁ

Ymax F

Vax = (100)(2.5x107%) = 25 x107*m = %t

t=75%10*m E = 1.95 x 10" N/m?

u=03 Take% = 2.0
B 2 4

25x107% = (3)(45002[11 ©.3)7] —|(36)° — @(lnz)2

47(1.95 x 10'1)(7.5 x 1074 (36)
b> = 4.808 x 107>

b= 6934 x10°m
a = 001387 m
10-5
4 4
F= gy [ Fod)T _ mUAYT o3 int
L 64 64

Say we can read as closely as 1%y«

L =001 = yp = 6.25in.
y
6
3 _ 3(28.3 x10°)(0.1039) 625
150
L} = 368,000 in’
L = 71.6in.
10-6
3
I = % = Lin4
12 48
P 16]21 :
13— 4

142

SM: Experimental Methods for Engineers



SM: Experimental Methods for Engineers Chapter 10

1/2

_— \8F _ 16EI
F =0 5,"» - 4\ 37y
» (3-7)d
We = 157.0 Ib; F = 15,000 Ib;
For y = 0.01in.
W, w, | w, > (w, w, I* .
We _|\"e| 5P +{_b +[ LA
F y b
e 1 121%
F
10-7
TEG(VO4—I’[4) 3
=— 5 —885%x10°in-Ib
7L 1) £
1/2
2 2 2 2
oM oM oM oM
W, =||—w¢| +|— +| =W, | +|—WwL
" [8¢ ¢] o or, ° [GL ]

= [87,200 + 216.0 + 831.0 + 3.14]"/2
W, = 297.0in-lb;

fi50 = +— M = £0.164 x 102 in./in.
TcG(r04 — 1"1-4)
10-8
C == R1R2R4 + R1R3R4 + R1R2R3 + R2R3R4 + RG(RI + R4)(R2 + R3)
C = 7.68 x 10°

E
Alg = = RRiF

Alg = 5.00 @ amp/in.

10-9
AEp  R+AR R
E R +AR +R, R +R
AR,
1 27
AEp _ TR B
E ARy Ry R, 4+ R
1+ TR 2t iy
% = Fe = (2.0)(400 x 107%) = 800 x 107°
AE _
25D = 200 x 1076
E
AEp, = 800 pv
10-10
g t+ ¢ 1 2 /
Emax> €min = % + ﬁ[(é‘l — &) + (& — &)*1"?

143



Chapter 10

For@ = 0;tan 8 = 0

£ = &g + &
2
5 5 1/2
A _€1+53+L€_€1+€3 €1+€3_
max 7 \/5 1 7 7 3
& + &3 & — &
2 2
Cmax = €
5 1/2
e _81+€3_L(€1—€3)
min b \/5 B
_ & + & B & — &
2 2
Emin = &
E(g + &) E 2 24172
Oiiax> Ormin = + [(g — &) + (& — )]
max> “min 2(1 — ,u) \/E(l T ,u) ( 1 2) 2 3)
o _ E[gmax + :ugmin]
max — 2
(1= u)
O = E[Smin + :ugmax]
min — 2
(1= p)

E
Tmax = m[(é‘] — &) + (& — &)'?

SM: Experimental Methods for Engineers

r — E(Emax — Emin)
max \/5(1 + ,U)
10-11
Emax = w T g[moo — 84)% + (84 + 250)> + (250 — 400)*]"?
= 78 + 3753
Emax = 4533uin./in.

£y = 78 — 3753 = —297.3uin./in.
(29 x10%(234 x107%)  1.412(29 x 10%)

Tmax 31— 03) 30105 Lol °l
= 3230 + 8347

Omax = 11,580 psi

Omin = —5120 psi

Tmax = 8350 psi

26 — V(g — &) 1.73(-250 —84) 577

26 — & — & - 2(400) — 84 + 250 966
tan 260 = —0.598
0 = 164.55°
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10-12
If & = €pax =0
Similar to problem 10-10
€max = €l
_Am g
min 3
10-13

an26 — —0.598 — 22— & - &
81 — 83
& = 0.201g + 0.799¢&;
61 rect — 51 delta — 400ﬂ in./in.
E
Tmax = =& — 52)2 + (& — 53)2]

V21 + p)

_29x10°
(1.412)(1.3)

£2 — 797 x 10 %¢; — 252,000 x 10712 = 0

1/2

8350 [(319.5 x 10°° — 0.799£5)* + (80.5 x 107¢ — 0.201&5)*1"?

& = —241.5u in./in.
& = —112.5uin./in.

10-16
e=9 - 480 1 4:12[(563 +155)2 + (=155 + 480)2]!/2

= 41.5 £ 560
Emax = 60154 1n./in.

Emin = —518. 5 in./in.
- L (29x109¢15x107% L (29x 10%)(560 x 107%)
e 0.7 1.3
Omax = 14,220 psi
Omin = —10,780 psi
Tpax = 12,500 psi 6 =169.7°
10-17
F =1.90 021 g4s
F
g:% E =195x10"' N/m?

Fax = (2000 x 1076)(1.95 x 10')(1.6)(50)(10~%)
=31,200N
Lower limit depends on accuracy desired.
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10-18
R; = 110 ohms, Ry = Ry = 100 ohms, R, = 750 ohms

F =20, =300uin./in. E = 6 volts
Alg = £R3R1F€
C
C == R1R2R4 + R1R3R4 + R1R2R3 + R2R3R4 + Rg(Rl + R4)(R2 + R3)
_ RiRs

2
Alg = 8.0u amps

Ry = 110 ohms C = 4.95 x 10® ohms

Rl
AEp,  RI+AR, Ry T+ A% B
E Ry + AR + Ry Ry + Ry 1—5—%—#% Ry + Ry
1 1

% = Fe = (2.0)300 x 107%) = 6.0 x 107*
1

AEp, = E(1.5x 1074 — AE[, = 900u volts

10-19
€ = 400y in./in; E = 29 x 10° psi, 0, = axial stress
0, = €E = (29 x 10°)(400 x 107%) — o, = 1.16 x 10* psi

10-20
G =11.5x10° psi = 7.93 x 10'"° N/m*?
2LM (2)(0.15)(22.6)
a. ¢ = = 10 ! 4
;rG(ro“ - r;‘) 7(7.93 x 10'9)(0.032* — 0.025%
= 4.136 x 107 rad
b. Eyso = +— M 44104 mim
7Z'G(I"6" — 1’1-4)

10-21
T = 540 N-m N = 3000 rpm
P = 22TN = (27)(540)(3000)

= 1.0179 x 10’ Nm/min

= 169,649 N - m/s = Watts

= 2274 HP
10-24
F=18 4 = 350 um/m E =40V
R =120Q = R,
¢ = 9.768 x 10°
Alg _ GOAOA208) _ g 55 1573 Ajin,

£ 9.768 x 10°
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Alg = (9.73 x 1073)(350 x 107°) = 3.41 x 107 °A

% = Fe = (1.8)350 x 107%) = 6.3 x 107*

AR
AEp _ R = 1.575x 10"
E o4y 2(71)
1

AEp, = 6298 x 1074V
o = (350 x 107%)(30 x 10°) = 10,500 psi

10-25
N = 5000 rpm P=5hp E =286x10°
6
U4 =03 d = 10° = 283107 ) gg 107
2(1.3)
shp — 2ZLC000) 7 S5 fiiiby — 63.03in Ibg
33,000
7(1.08 x 107y} (12 ) (2m)
63.03 = d 5]
2L
r4
L —211x107°
L
For L = lin. 1 = 0.0678 in.
L = 3in. 7 = 0.0892in.
10-26
1 = 6.25mm = 0.246 in.
1 — % = 08mm = 0.0315in.
r = 0.2145in.
7(1.088 x 107)(0.246% — 0.21454)(%)(2@
63.03 =
2L
L = 73.lin.
10-27

m=150g p, =8490 p, =100 p, =117
(1.17)(8490 — 100)
(8490)(100) — 1.17
1.562% high

1.01562

10-28
R =120Q F =20

R, =75Q E =37V

Aly  (3.7)(201°2.0)
£ (49)(120)° + (75)(120)
= 0.133 x 1073 pA/pin.
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10-29
& = 2.0 uin./in.
AEp R

% = Fe = (2.0)02.0x10°% = 40x107°
1
—6
AED _ 4x10 11076
E  448x10°

AE, = B 7)1 x107% =37V

10-30
d = 1.6 mm r = 0.8mm = 0.03151n.
E =283 x10°
y =1.0cm = 0.394 in.
We = 1%
ot 7(0.0315)* 5
I=== ; = 7.73 x 10

FI? = (3)(28.3 x 10°)(7.73 x 1077)(0.394)
— 25.85 Ibg-in®

For L =1in. F = 2581b¢
L =2in. F=235lb;
L=5in. F=173lb;

10-31
F = 200 Iby L =70cm = 27.56in.
d = Lin.
16
12 6
7(15) 283 x10°)
200 = y
(4)(27.66)
y = 0.0635 in.
10-32
F =047 R=1200Q
e=2x10"°
AR _ (0.47)2 x 107%) = 0.94 x 107°
1
—6
AE, 094 %10 234 %107

E 44 2094x10°%
AEp, = (3.7)(2.34 x 1077) = 0.869 uV
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10-33
€ = 300 um/m = 300pin./in.

o = €E = (300 x 107%)(28.3 x 107%)

= 8490 psi
10-34
| — 27I(10,000) T = 0.525 Ib,-ft
33,000

= 6.303E Ibg-in.
For L =15cm = 591in., FF = 1.067 lb;

10-36
R1:R2:R3:R4:1209 F:19
E =45V Rp =350Q

Denominator of Equation (10.36)
¢ = (4)(120)° + (350)(240)*> = 2.707 x 10’

2
Alp _ £R1R3F = w = 4548 x 107> = 4.548 x 10> y1A/uin.
£ c 2.707 x 10
10-37
R1:R2:R3:R4:1209
ARl
AED _ R
E 44 2(%)
1
ARy

= Fe =(1.93.1x107% =589 x107°
1

AEp 5.89 x 1076
E 4 + (2)(5.89 x 107%)?
AEp = (451472 x107%) = 589 v

— 1472 x107°

10-38
AL = 10um L = 50cm d =2cm
g = J0HM o0 im/m = 20 in fin.
0.5
o = ¢E = (20 x 107%)(28.3 x 10%) = 566 psi

2
T = (566 %[ —2-| = 2761b; = 1228 N
4\2.54

% = (1.9)(20 x107%) =3.8x 107>
AE, _ 38x107°

E 4+ (2)38x107°)
AEp = (4.5)9.5x107%) = 427 x 107V

—95x%x10°°
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10-39
7 = 0.005m 7 = 0.0065m L =0.05m
¢ = 10° = 0.1745 rad

nG(ré - ;’,-4)(1}

M =
2L
M _ 946 %1073
G
10-40
p, = 1.205kg/m> p, = 21,380 kg/m>

ps = 5490 kg/m®
(1.205)(8490 — 21,380)
(8490)(21,380 — 1.205)
= 0.00128 0z
Dollar value = (0.00128)(400)
= $0.51

Error (troy 0z) = (15)

10-41
L =0.18, M = 30, = 0.026

r, = 0028 G = 79 GN/m?

Eq. (10.18):

30 = (79 x 10°)(0.028* — 0.026%)¢/(2)(0.18)
¢ = 2.76 x 10~* rad

10-42

375 = 27T (4000)/33,000

T = 492 fi-Ib

10-43

F = 3E/L’

I = nrt4

E = 283 x 10%psi = 195 GN/m?

L =0.059m

y = 0.01

F = (3)(195 x 10%)7(0.01)(0.001)*/(4)(0.059)°
= 224N

10-44

F = AEy/L

800 = 7(0.0004)%(195 x 10°)/1.0
y = 0.00816 m = 8.16 mm
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10-45

p, = 1.5 bnvft> = 24.03 kg/m’

P, = 8490 kg/m’

p, = 1.205 kg/m’

Wond/ Weme = 1 + (1.205)(8490 — 24)/(8490)(24 — 1.205)
= 1.0527 = 5.27 % error

Wie = (24.03)(200 x 107°) = 0.0048 kg

10-46

p, = 2675 kg/m®

Wond Wee = 1 + (1.205)(2675 — 24)/(2675)(24 — 1.205)
= 1.0524 = 5.24 % error
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111
L =15cm £ 0.5 mm x = 5.6cm = 1.3mm

t = 25cm £ 0.2 mm

a = xtan|tan”! i — 5.6tan|tan ! E
2L 15
a = 0.4667 cm
12
2 2
Oa Oa Oa
W, =31—W.| +|—W,| +|=—=W,
“ | ox ¥ or ! oL L]
= 0.0117 cm

= 2.5%

11-2

w, =11.0 ’E—IA‘HZ =300+ 2
mL

at L = 0.056 m £+ 0.2 mm

2
£ _ [@] (0.056)* = 7315 x 10> m*
m 11
at L = 0.10m £ 0.5 mm
7315 %103 |
®, =110 =222 | = 94.08 Hz
(0.1)
P P
C
W, = || — + | —W,
El/m D, O [c’)L L]
4 2 3.2 V2
_ anzL w, 4L ;‘)” w,
11 " 11
1/2
4 3 2
_ (2)(300)(;).056) ol + (4)(0.056)2 (300 4.0002)
11 1

= 1429 x 107%

at L = 10cm

152



SM: Experimental Methods for Engineers Chapter 11

1/2

2 2
0w, ow
W, = myy W,
@ de C] +[ oL L]

) 1/2

—1/2
11.0)(L)c !
= <—22)m + (11.0(=2) L3 2w, )?

I

172

(11-0)(%)(1-429 <1079 | [ 1.0)=2)(7.315 x 1073)72(0.0005) ?
(0.1)%(7.315 x 10732 .1}

= 1315Hz
=1.4%

11-3
a)n=11'20 Er ForL =10 —
rL Yo
2 2
We oo . V¥ (0w .V (0w ow
n + n W + I’lW + n W
[ [ or ] op P oL L}

n WE
an = 48.10 Hz or 2.80%

OE

n

For L = 4.0
W, = 217Hzor2.01%

11-4

2 2
2L
w, =110 | E - 20

7
4pL 1. \/E
1% 0 -
= 0.0143in. — d = 0.0286 in.
1/2

2 2
w 5 5 W 2 ) 1/2
/4 W, 2w,
% _ || E + [_V] + _P + [_L]
w, 2F r 2p L

For w, = 100 Hz

Wy, = 23.2Hzor 3.69%
For @, = 1000 Hz

Wy, = 424.0 Hz or 6.75%

11-5
2
(xp — x)o@,
= =095
]
0.95a
Axg = (xp = x))g = —52
a)n
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5 1/2
dAx, ] ~1.90a,

[0) =
Ax() [ a a)n @,

3 an

W,

_ m(z) —1425%105m
(200)

11-6
Assume x; = xysin ;¢

Vo = [ﬂ] = XoW
dt ),

Solution to D.E.

c mxoa)l2 cos(wyt — @)

t

Xy =X = e[ ](Acosa)t+Bsina)t)+
2m

\:

Transient term dies out

(K — ma)’+ Caf]"
{
steady state term

2
xO[Z))l] cos(wt — @)

n

SM: Experimental Methods for Engineers

S 12
o \2 2 o\
1 C 1
{1‘(@,) *[2(*)((7)]
0,
(%)
(x3 = x)9 = ; 7
1 o, 2 2| ¢ (21 2
©n —((7) * (*)((7)
11-7
1
= = 0.001225 sec
of£]
CL‘
11-8
w/wn error
0 Y 12 error
0.1 4.99963E-05
0.2 0.000799041 1
0.3 0.004025561 | /'/’*_'4
0.4 0.012559368 :
0.5 00298575 | /
0.6 0.059112588
0.7 0.102009698 | ,, /
0.8 0.157728599 x
0.9 0.222936122 | 4,
1 0.292893219
1.1 0.362953938 0 , . , . .
1.2 0.429604191 ) ” . . .
2 0.757464375 | .02
3 0.889568474 .
4 0.937621714
5 0.960031962

154



SM: Experimental Methods for Engineers

11-9
a
(X2 = x)o = ¢ 72
212 2

-tz ez

For (2= %0 _ 99 < _ 0707
.X'O CC

o
DL _316  k=29kN/m  m=45kg
wn

1/2
o, = \/Z = w = 8.028 rad/sec
m 45

ay = (2.5 x 1073)(8.028)%{[1 — 3.16°1> + [2(0.707)(3.16)]*}/

— 1.617 m/sec?

11-10
. 2
T = ! = w;sinceT = forM = 0.99
(&) “
1
0.99 = - R
2
w, @
(2 +plei)
2 2 P
5 —22(L) —1]+ 42(L) — 1] +0.08
c. c,
D1 _
w, 2
1/4
o — 1
" 2 2 4 2
(L) 1_2(L) 2 (f) _(L) +0.255
Ce Ce Ce Ce
Wn
> 4
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: g
0 00
1 3.16
2 imaginary
% 1.739
% 1.407
% 2.29
% 2.39
3 —00
4

11-11

2(e)(e)
¢ — tan71 CC a)"

Tz}
= tan_lw

1 — (2.47)%
145.8°

Y
|

11-12

. )
For maximum acceleration —- = 0

a)n
v,
712(5)(67)
¢ = tanm ———+—=~

¢=0

11-13
For 100 db

I
100 = 10log)g———=
05016

I = 10~ watt/cm?

100

P
20log;g—F——
29x107°

p=29x 1074 psi

11-14

I, = 10logyg 10516 — I = 1,100
ol

Wy = ——Wiy = Io10™ 101y,

%W, = 10(In10)W;; %
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Wiap
!

+1
+2
+3

11-16

Iy — 50 80 120

23x10°12  23x107° 23x107°
46x107"%  46x107°  46x107°
69%x107%2  69x107° 69x107°

From Figure 11-10:

a.

11-17

Two 50 db levels
Difference =0 db
Amount added =3 db
Total sound level =53 db

Three 50 db sources

53 and 50 db combination
Difference =3 db

Amount added = 1.8 db
Total sound level =54.8 db

Four 50 db sources, 54.8 and 50 db combination
Difference =4.8 db

Amount added = 1.3 db

Total sound level =56.1 db

From Figure 11-10:

63 db an d73 db combination
Difference = 10 db

Amount added = 0.4 db

Total sound intensity = 73.4 db

11-18
L

II.

58 db and 62 db levels
Difference =4 db
Amount added =1.5db
Equivalent level = 63.5 db

63.5 db and 65 db combination
Difference = 1.5 db

Amount added =2.3 db
Equivalent level =67.3 db

67.3 db and 70 db combination
Difference =2.7 db

Amount added =1.9 db

Total sound intensity = 71.9 db

58 db and 65 db levels
Difference =7 db
Amount added = 0.8 db
Equivalent level = 65.8 db

62 db and 65.8 db combination

Difference = 3.8 db
Amount added = 1.5 db

157
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Equivalent level = 67.3 db

67.3 and 70 db combination
Difference =2.7 db

Amount added =1.9 db

Total sound intensity = 71.9 db

11-19

a. 60 = 20log — P = 0.20 dyne/cm?

20x107%
E -3
55 = 201ogT S E=1.775x%10

E = (0.20)(1.775 x 1073) = 3.55 x 10~ volts
Equput = 0355 mv

b. 80 = 20log — P = 2.0 dyne/cm®

20x1074

E -3
~55 = 201ogT — E =1.775 %10
Equput = 3.55mv

11-20
—55db — (—70db) = 15db

amplification factor = 15 db

11-21
a.  Figure 11-16:
Jin. material — NRC = 28+ 39 : 80+ 78 _ 6125
2-in. material — NRCI = (50 + 87 : 92 +87) = 79.00
b.  Figure 11-17:
Material A — NRC = (28 + 57 1— 80 + 79) = 61.00
Material B — NRC = 22+ 25 I 2419 _ 5375
Material C — NRC = U8+ 12: 0+ _ 175
11-23
Figure 11-12: {1000 Hz — Intensity = 70 db} — at 70 phon

a. {at 70 phon and 50 Hz} — intensity = 86 db
b.  {at 70 phon and 100 Hz} — intensity = 76 db
c. {at 70 phon and 10,000 Hz} — intensity = 74 db

158
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11-24
Figure 11-12:

(80 db and 1000 Hz) — 80 phon
(45 db and 1000 Hz) — 45 phon

a.  at 60 Hz and 45 phon — 65db
at 60 Hz and 80 phon — 91db

[(65 — 45) — (91 — 80)] db = +9 db over what it was at 80.

b.  at100 Hz and 45 phon — 55 db
at 100 Hz and 80 phon — 85 db

[(55 — 45) — (85 — 80)]db = +5 db over what it was at 80.

11-27
63,78, 89,92 dB

63 + 78 =78 + 0.1 = 78.1
89 4+92 =92 +1.8 =938
78.1 +93.8 =938+ 0.1 =939dB

63 + 89 = &9
78 +92 =92+ 02 =922
89 4922 =922+4+1.7 =939

11-29
— p _ 2
100 = 2Olog—4 p = 20dyn/cm
2x10™
— p _ 2
120 = 2010g—4 p = 200 dyn/cm
2x10™
E -2
—40db = 20log— E=10°V
1.0
at 100 dB SPL E = (1072)(20) =02V
at 120 dB SPL E = (1072)(200) =20V
11-30

dB atten = 10log[i = 10log(l — @)
0

Hz o, % dB
75-150 0.35 -1.87
150-300 0.32 -1.61
300-600 0.25 -1.25
600-1200 0.21 -1.02
1200-2400 0.19 -0.92
24004800 0.18 -0.86

>48000 0.18 -0.86
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11-31
75 4+ 89dB
Diff = 14dB

Amount added + larger = 0.2
Total = 89.2 dB

89.2 + 100 dB

Diff = 10.8

Amount added = 0.4

Total = 100.4 dB

11-32
100dB = 20log—L—
2x10”
p = 2.0Pa
110dB = 20log——
2x10™
p = 632Pa
130dB = 20log—"—
2x10™
p = 632Pa

11-34
One de-emphasizes low frequencies

11-35
r=10m P=1W

A= %(4;;#) = 6.283 m’

1wV

[ =—" =0.159 W/m?
6.283
I
dB = 1010g[10_12]
- o] 5
=112dB
11-36
w, = 500 Hz d = 0.8 mm
4
4 |08
IZ”L:M:qoxxlo”
4 4
(489)7 (-8
m= pm? = (25.4) 1
144 12
=882 x107%

160
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1/2

(28.3 x 10%)(9.08 x 1077) 170.7
500 = 4 4 )
(8.82 x 1074 L
L = 0.584in. = 1.48 cm
11-37
dB = 90 P=1W
I 2
90 = 101og[—12} I = 0.00 W/m
10~

A= %(475}*2) = 6.283m’

P(sound) = (6.283)(0.001) = 0.00628 W

sound power _ 0.00628 _ 0 ¢

elec power

11-38
Measure at 90 dB
Sens. = —60dV ref 1V

90 = 20log———
2x10™
P = 6.234 dyn/cm?
—60dB = 2010g£
1V

E =0001V =1mV

11-40
90 dB

I = lpaca)zfi
2
1
90 = 20log———
10712

I =316%x10"%W/m?

p, = 1204kg/m’ ¢ = 20y293 = 342 m/s

at w = 100 Hz = 628 rad/s

3.16 x 1078 = (0.5)(1.204)(342)(628)* &2
Em =197 x 1073 m

At1000 Hz &, = 1.972x 10" m

At10,000Hz &, =1.97 x 107 m

11-41
3.16 x 1078 = 0.5(1.204)(342)&2

£, =124x107 m/s
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11-44
90 + 100 dB

dB(tot) — 90 = 10.3
dB(tot) = 10.3 + 90 = 100.3 dB

11-46

160 dB @ = 300 and 1000 Hz

160 = 101ogL12 I =10*W/m?
10~

P, = 1.204kg/m* ¢ =342m/s

At w = 300 Hz = 1884 rad/s

10* = (1.204)(342)&2, £ = 493m/s
2
4 P rms
=L ms = 2029 Pa
(1.204)(342) Prms

10% = (0.5)(1.204)(342)(1884)* &2
g, =37x107m

10* = (0.5)(1.204)(342)&2
At 1000 Hz
Pims = 2029 Pa

E =111x107>m
&, = 697m/s

&, = 697m/s

11-47
1000 Hz 100 dB reduce to 90 dB

sound absorbed

incident sound

At 100dB I =102
90 dB I =103

-3

10~

Thickness ~1.8 in.

11-48
o, =80% ap=22% a =%
dB incident = 90 dB I =103 W/m?

L .
3’

(A) 08 =1-— = I, =2x10"* = 83.01dB

Atten , = 90 — 83.01 = 6.99dB

(B) I, = 88.921dB Atten = 90 — 88.921 = 1.079dB

(C) I, =89.59dB  Atten = 0.41dB
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11-49

From Figure 11.6, max overshoot at £ 2 02is155%at 2L = 1.00r w; = 60 Hz.
CC a)n

At < = 0.3, overshoot is 75% at @1 _ 093 or w= 55 Hz.

Ce @y,

11-50

From Figure 11.6 at £ = 0.707 attenuation at @1 _ 1.0 is 0.875
CC wl‘l

dB = 10 log (0.875) = —0.58 dB

11-51
+1dB = 10log(ratio)
Acceleration ratio = 0.794 to 1.259

£ from 0210 0.3

Ce

11-52

£ from 0.47 t0 0.7

Ce

11-53
log 4 = 82 =82
Iy 10
log L =76
1y
log S =95
1y
log Ia =11.1
1y
I =1 + I + Iy + I = 1,(1.2926 x 10'1)
log| | = 11.1114
1y

dB = 10log i =111.14
Iy

11-54
Iy =107 w/em? = 10712 = W/m?
At80dB 7 = (107'%)10%) = 107* W/m?

At77dB 1 = (107'%)(5.01 x 107) = 5.01 x 107> W/m?
Intensity differs by factor of two.
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11-55
SPL = 110 dB at 16 Hz
110 = 10log| - Iy = 10712 W/m?
1y
2
[=01W/m?=2£ms _ ) £ 4
.C
¢ = 345m/s p, = 12kg/m?
2
1 — prms
(1.2)(345)
Pms = 643 Pa
eo——% 9 pi0tm
(6.43)(16)

I = Iy x 10%° = 3162 x 10° Iy = 73.7%

I = Iy x10° = 1x10° I, = 23.3%

Iy = Ip x 1078 = 631x10" I = 1.5%

Is = Iy = Iy x 10" = 3.16 x 10" I = 1.5%
Total = 4.288 x 10° I, = 96.3 dB

11-57
Output voltage at SPL = 25 dB
25dB = 20log L“]

2 x10™

p = 3.557 x 1074 dyn/cm2
E = (3557 x107H10™%) = 3557 x 1078 v

S

= = —30dB = 20log Ey
N

Ey = (3557 x 1078)(0.03162) =112x107°V
AtSPL = 100dB, £ = 20 x 107% V from microphone
E = 0.1V from amplifier

-9
Ey _112X10 705 1078
E 0.1

S4B = 2010g[—8
N 1.12 x 10~

} = 159dB
11-58

From Exercise 11.2, @1 > 2.47 for +£1% condition. Therefore, for
a)l’l

@, > 100 Hz, @, mustbe < 2‘"717 = 40.5Hz.
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11-59
—37 = 20log((E/1.0)

E = 00141V

At SPL = 70 = 20log (p/0.0002)
p = 0.632

E = (0.0141)(0.632) = 0.0089 V
At SPL = 90 = 20log (p/0.0002)

p = 632
E =0.089V
11-60

Loudness of 100 Hz tone at SPL = 80 dB is 75 phon
At Loudness = 75 phon, and 10 kHz, SPL = 79 dB

11-61
60 and 70 dB diff = 10

amt add to larger level = 0.43
combination = 70.43

combination of 80 and 90 = 90.43
combination of 70.43 and 90.43 diff = 20
amt added to lager = 0.1

total = 90.53 db

11-62
—60 = 20log (E/1.0)

E = 0.001 V

85 = 20log (p/0.0002)

p = 3.56

E = 0.00356

30 = 20log(p/0.0002)

Proise = 0.00632

At 85 dB referred to noise level

dB = 201og(3.56/0.00632) = 55 dB

11-63

E = 283 x10%psi, I = mr*/4

p =489 Ib/ft° 7 = 0.5mm = 0.0197 in
m = (489)7(0.0197)% /12 = 0.0497 Ibm/in

I = 7(0.0197)*/4 = 1.18 x 10~ in*
Eq. (11.2)

600 = (11)[28.3 x 10°)(1.18 x 107 7)/(0.0497)L*]2

L = 0.387 in
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11-64
Mat A ¢ at 500 Hz = 57%

Mat B o = 25%
Mat C o = 12%
dB, = 10log(1 — 0.8) = —6.99
dBy = 10log(1 — 0.25) = —1.25
dB = 10log(1 — 0.12) = —0.56

11-65

0.98 = R%/[(1 — R*)® + ((2)(0.7)R)*]"?
R = 4463464 = (w/w,)*

olw, = 2.112

w, = 120/2.112 = 56.8 Hz
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12-1
4 s gt
T T =2
s d oA
—6 BTU 2
D (6.826 % 10 T)(36 )
Iy =15 =
(0.1714 x 1078 %)(mﬁ)
hr-ft“-°R
1/4
8 N
Ty =|780 x 10 + (2.370 x 10%) —
1
1200 TS(R)
rd Ts(R) 1000 ‘
0.0125 1123.768 X
0.025 822.2929 800
0.05 644.742 \
0.1 564.7162 600 -3 -
0.2 538.2361 *
0.3 532.8791 400
0.5 530.0725
200
0 T T T r
0 0.1 0.2 0.4 0.5 0.6
12-2
For § = 6 ft
1/4
8 8| 1
Tg = |780 x 10° + (9.480 x 10%)| =
rq
For S =121t
1/4
8 8| 1
Ty = {780 x 10° + (37.95 x 10 ){—2]
Ta

Plot looks like the one in Problem 12-1

For S = 6ft For § =12 ft
Tyn) | TsCR) | TyGn) [ T5(R)
0 oo 0 oo
0.05 820 0.05 1120
01 648 0.1 820
0.2 565 0.2 648
0.3 545 0.3 590
\2 \2 \2 \2
oo 530 oo 530
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12-4
o 784 E
S o L
Ftso-(be‘ - T]?)
1/2
sy — —90  [1082 %1020 4 1678 + 25 x 10'6
E 4 4 N
© T 530
%Wp.
. =T
For &, = 0.2 For &, = 0.8
Tg % W, Tg % W,
600 14.45 600 3.86
700 5.76 700 1.64
800 3.0 800 0.95
900 1.79 900 0.65
12-5

For r =100and r, = 22

T, =100 — 22 = 78 counts/min o2 = [(0.02)(78)%*] = 2.45
tp = L[(zz)l/z(mO)V2 + 100] = 59.9 min

2.45
22
100
fTotal = 87.9 min
For rr = 500 and ry = 100
r, = 500 — 100 = 400

o3 = [(0.02)(400)]* = 64.0

1/2
te = 59.9[ } = 28 min

b = é[(lOO)l/Z(SOO)m +500] = 11.3min

1/2
f = 11.3[§] =5.07

ITotal = 16.37 min
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12-6
by Chauvenet’s criterion we find that no points may be eliminated.

rg = rp — 1, = 503.75 — 23 = 480.75 counts/min

S
12
2 2 12
Ws:(WT +Wb) =05 = TJ

Wy = (480.75)V2 = 22.1 counts/min

12-8
ot =w2 =S54 T — ) + t7 = const.
Iy T
Optimize Wy by setting
dWS _ O,ZWdeS _ _—I"S _rldizo
d, d, tlf t;z“ dn,
12
dtT VS - VT b=t I’S]
— STy =S
dy, tg t72~ r
2 _ s T
Os 7z
T
1
Og
= by = 3.41;1rS
Os
12-11
T = 300°C = 573K £ 1°C
T, = 231°C = 504K + 3°C
4 4
g, = |Ta| —[22]" _ 509
T 573
) 5 1/2
1714
L/ P e 16[ﬁJ
£ T, T
1/2
[ 3 ) 1)
=4||—| +|—
504 573
= 0.0248

W, = (0.0248)(0.599) = £0.015

12-12
£ = 0.599

Ty = Te"* = 573(0.599)"% = 504K
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12-13
T, =151°C = 424K

4
ga[ﬁ] =3

573
3\ 1)
—_ Jr —_
424 573
— 0.0291
W, = (0.0291)(0.3) = 0.0087

1/2

Tt _ g
£

12-17
rp = 600; r, = 100
r, = 600 — 100 = 500 counts/min
o2 = [(0.03)(500)]* = 225

= nlty +rplty
1ty = (ry/rp)"?
tr = o A" + 1]

= (60,000 + 600)/225

= 3.76 min

= (3.76)(100/600)""> = 1.54 min
fol = 3.76 + 1.54 = 5.3 min

12-18
T =300°C =573K£1°C

T, = 200°C = 473K + 3°C

£, = (473/573)* = 0.464

wele = 4[(3/473)% + (1/573)*]"
= 0.0263

w, = 0.0263(0.464) = 0.0122

12-19
T = (573)e 4
= (573)(0.464)""4
= 473K
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13-1
a. CO
m M p
at 0°C—2 = (ppm)—L= x 107°
” (ppm) RT
_(1)(28)(1.0132 x 10) 10-5)
(8315)(273)
=1.25 x 107 kg/m’?
= 1250 pg/m’>
m
at 25°C 2 — 1250 22| = 1145 ng/m’
4 298
b. SO,
m 64 3
at 0°C = —2 = —(1250) = 2857 pg/m
v 28( ) Hg
m
at25°C = 2 — 2857( 273 | = 2617 ng/m’
4 298
13-2
V =100 cm® 90% purge
0 =125 cm® /min < =1—e 97
i
09=1-¢97 % = 23026

- _ (2.3026)(100)

= 1.842 min
125

13-3

0 =10ft/min z=1hr d =14in

80% to 40% reduction in transmission
(1.4

— 0.01069 ft2
4(144)
0.4
=2 _05
frac 0.8
10 .
Ug = = 935.44 ft/min = 15.591 ft/sec
0.01069
Con 10°4 o
= — T logo[(T,
000 & 7 g10[(Thac) ']
(10)°(0.01069) o [L]
(10)(60) %005
= 0.536
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13-4

SM: Experimental Methods for Engineers

aCH4 + x0, + 3.76 x Ny — 10CO, + 0.7CO + 20, + 6 H,0 + 3.76x N,

a =104 0.7 =10.7

4(10.7) = 2b b=214
2x(2)10) + 0.7 + (2)(2) + 21.4 x = 23.05
m, = 23.05[32 + (3.76)(28)] = 3164
mye = 10.7)16) = 171.2 Ma _ 3164 = 18.48
my 171.2
For stoichiometric
4(10.7) = 2b b=214
2x = (2)(10.7) + 214 x = 21.4
23.05 — 20.04

% excess air = x 100 = 7.71%

21.4

13-5

C4H;p + xO,5 + 3.70x N, — aCO, + bH,0 + 3.26x N,

a=42b=10,b=5

2x =845 x = 6.5

25% excess: x = 6.5 + 1.625 = 8.125

Dry products: 4 CO, + 1.625 0, + 30.55 N,

Ny = 36.175
%C0, = — 24— — 11.06%
36.175
%0, = L6254 4ov
36.175
%N, = 3035 _ g4 459
36.175
13-6
Mp Mpp —6
—+ = x 10
” (ppm) RT
butane
~ (1)(58)(1.013 x 10°) < 10-6
(8314)(293)
= 2412 x 107® kg/m?
= 2412 pg/m’
propane
M = 44
m 44)
"p — 412y _ 1830 pg/m?
7 (2412) p Hg
13-7

At 80°F = 26.7°C = 299.7K
Dsat = 0.5073 psia
p, = (0.5)(0.5073) = 0.2537 psia = 1749 Pa
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mo_py o _ATONA8) 00 kg/m® = 1.26 x 107 pg/m’
V. RT  (8314)(299.7)

(ppm)(1.013 x 10°)(18) < 10-6
(8314)(299.7)

ppm = 17,214

0.0126 =

13-9

CgHyg + xO, + 3.76xN, — aCO, + bH,0 + 3.76xN,
a=818=2bbh=9

2r=16+9 x=125

30% excess: x = 12.5 + 3.75 = 16.25
Dry products = 8 CO, + 3.750, + 61.1 N,

Ny = 72.85

%C0, = 8172.85 = 10.98%

%0, = % = 5.15%
61.1

%N, = —— = 83.87%
72.85

100% excess: x = 12.5 + 12.5 = 25

Dry products = 8 CO, + 12.50, + 94 N,
Ny = 114.5

%C0O, = 6.99%

%0, = 10.92%

%N, = 82.09%

13-10
V =125cm’

O = 100 cm®/ min

% = 08m !

% 08t
% 7, min
0.8 2.012
0.9 2.878
0.95 3.745
0.99 5.756
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13-11

C T
f ac gf i

,G—-C CJdo
—1In G-C = or

G — G, v
Cl' - C _ e_QTN
G -G
13-12
Co=01 C =05 V=I125cm’ O = 100 cm®/min
forC =02 —05-02 _ ex — 1007 :7=036s
05— 0.1 125
forC = 04 22704 ol =107 - 0866
05— 0.1 125
for ¢ = 049 22 =049 [ 10070 461s
0.5 — 0.4 125
13-13
Co=05 C =10 C=099
1.0 — 0.99 1007
— = X [
1.0 - 05 125
T = 489s

13-14

aCHy + xOy + 3.76xN, >

12CO, + 0.5CO + 30, + bH,0 + 3.76xN,
a =125

b =25
x=(24+05+25+6)/2=2775

m, = 27.75[32 + (3.76)(28)] = 3810

my = (12.5)(16) = 200

AF ratio = 3810/200 = 19.05

For theoretical air

a =125 b =25x = (25 + 25)/2 =25
Excess air = 27.75/25 —1 = 0.11 11%
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13-15

Eq. (6-14)

p = (1.0132 x 10°)(1 — 0.003566(5000)/518.69)° ¢
= 84,290 Pa

mp!V = (ppm)M ,p x 10~ °/R(298)

Butane M = 58

m,/V = (1.5)(58)(0.08429)/(8314)(298)

= 2960 wg/m’
Propane M = 44

m,/V = (2690)(44/58) = 2246 yug/m’

13-16

Assume no CO

n(CO,) =3

n(H,0) = 4

Xtheo = 9

x (30% excess) = 6.5

n(O, products) = 1.5

n(N, products) = (3.76)(6.5)
= 24.44

n(total dry products) = 24.44 +1.5+3 = 28.94

% CO, = 3/28.94 = 10.37

% 0, = 1.5/28.94 = 5.18

% N, = 24.44/29.94 = 84.45

13-16

Cy = 0.1

C. =10

C =095

0 = 100 cm’/min
v =125cm’
oV =028

(1—-10.95)/(1—-0.1) = EXP( —-0.87)
7 = 3.61 min

13-18

T =27°C =300K
d = 0.016 mm

Uy = 09m/s

U = 0.75m/s
U/Uy = 0.833
From Fig. 13.4
C/Cy = 0.92
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14-4
932, = 1110100100
10721, = 10100111100001
36,9 = 100100
9,0 = 1001

14-5
BCD

932;, = 100100110010
10721;, = 00010000 01110010 0001
36,5 = 00110110

9,0 = 1001
14-6
32°F < T < 250°F AtT = 250°F, E = 6.425mV
gain = % = 1556
6.425 x 10~
Resolution = 25 — 19 40391y
oM 28

Reduce to therm voltage = 2.51 x 107°V

= 0.0251 mV
Over temp range 1°F = _0425 = 0.0295ﬂ
250 — 32 °F
Resolution in temp = 0.0251 = 0.85°F
0.0295

14-7
Resolution = @
2M

dB = 20log—£— = 201og[L]
Eps M
8bit dB = —48.2

12bitdB = —72.2
16 bit dB = —96.3

14-8

0.001% = 0.00001 = ——
oM

M =16.6 ~ 17 bits

14-9

oM = 108

M= 498 ~ 50bits
log2
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14-10
Table 8.3(a)
EIOO() = 26.046 mV

Eys = 0.402 mV

Sensitivity = 2202 _ 0.01605 2V
25 °C
Resolution of 0.5°C = 0.00802 mV

0.00802 — LFs
oM

M =11.67 = 12 bits
14-11

Type S ElOOO = 9.587 mV
E25 = 0.143 mV

Sensitivity at 25°C = %:3 = 0.00572 mV /°C
Resolution = M = 1.402°C
0.00572
14-12
TypeE EIOOO = 76373 mV = EFS
E25 = 1495 mV
Resolution — ZES. — 76‘13673 = 0.001165 mV
2
1.495

Type E sensitivity at 25°C = s = 0.0598 mV/°C

Temperature resolution at 25°C

TypeN  QO0L6S 6 99ec
0.01608

Type S 0.001165 = 0.204°C
0.00572

Type E 0.001165 = 0.021°C
0.0558

14-13

0.05°C resolution = (0.05)(0.01605)

= 0.000802 mV
26.046
2M

M = 14.98 = 15 bits

14-14

IEE] Ey = 0316228 mV

0

50 = 20log

0.1 = 20log £
Ey
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Resolution = £ — E; = 0.00366 mV = ﬂ
2M

M = 14.73 = 15 bits
14-15

100] Ey = 0.01mV

80 = 20log| —
|

0
£
Ey

—4 E 100
E—Ey =1158 x107 " mV = E g ution = 2]1;"45‘ _ 2?

0.1dB = 20log

M =19.7 = 20 bits

14-16
At 20 phon, minimum SPL = 12 dB

at SPL = 80dB E=10V

80 — 12 = ZOlog[ﬁ
£y

E, =3981x10°%V
+1dB = Ej3 = 1.122E;, = 0.122E),

—4858x105 = Lrs _ 1
2M

E S

resolution

M = 14.33 = 15 bits

14-17

A curve

At 30 Hz, SPL = —42 dB

at maximum point, SPL = +2 dB

Range = 2 — (—42) = 44 dB

44 = ZOlog[L
Ey

E3y = 0.0063096 V
For resolution of 0.5 dB

0.5 = 2010g[£]

Ey
E—Ey=3739%x10*V
= Elesolution

1.0
2_M
M =11.39 = 12 bits
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14-18
—45 = 20log (E/90)

E = 0.506 mV
+0.2 dB = 20log (E./0.506)
E = 0.0517 mV

= Epg/2M
= 90/2M
M = 10.77 = 11 bits

14-19
From Table 8.3a £ @ 800° C = 20.094 mV

E = 20.094/22° = 1.92 x 10°mV

resolution

@25°C S = 0.402/25 = 0.016 mV/°C
resolution = 1.92 x 107°/0.016 = 0.012° C

14-20
At 40 phon min SPL = 12 dB

AtSPL = 80 dB, E = 0.4V
80 — 12 = 20log(0.4/E)

E = 0.000159 V

+1dB = 1.122E = 0.000179

= 0.42M
M = 11.12 = 12 bits

14-21
EIOO() == 26046

Sensitivity = 0.406/25 = 0.01605 mV/°C
Resolution of 0.1°C = 0.001605 mV

0.001605 = 26.046/2M
M = 14 bits
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