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Preface

THhis book of worked examples is complementary to our book
of problems Workshop Mathematics Exercises, the call for
repeated reprints of which indicates the lively need for
material in this field. It is intended to supplement the work

of the lecturer and to set out clearly for the student the "\ﬁ,\'
methods for solving most types of calculation problems )

encountered in the City and Guilds Intermediate Machine
Shop Engineering examination. O *
The solutions have been put in a form which wethink is
the easiest to understand, worhhbrinlsoeyiasgifecs the
methods are not necessarily the shortest or most)convenient.
Although the examples have been compiled primarily for
City and Guilds students, it is hoped thag they will be of use
to a wider circle concerned with Worlghop Mathematics.
We wish to thank the City and Guilds of London Institute
for permission to make use of théir' questions in compiling
the collection of miscellaneous\examples at the end of the
book. "
K . G. MiLes
\ L. W. F. ELeN

O
April rg60 . B\
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1. Fractions: Addition and Subtraction

(1) Find the L.C.M. of 15, 18, 24, -

The L.C.M. of a given set of numbers is the smallest number
that can be divided without remainder by all the numbers of the

given set, We thus express all the numbers in their prime factors, A .

£ N\

15=3x5 ~
I8=2x3x3 G\
24=2x2x2x3 "G

Any multiple of 15 must contain 3 and 5, any mul&p‘le of 18
must contain 2, 3 and 3, and @mmukaplg;pir%ygm contain
2,2,2and 3. The smallest set of factors contas.gpg all these is
3,5,2,3,22,

AV
L.C.M. —3x5x2x3x2>§2 360

(2) Arrange in ascemfmg order thefai‘lmng drills: § in., § in,,
# in, §f in, 3§ in, .
The sizes are compared by" arrangmg each fraction over the

L.C.M. of 4, 8, 16, 32, Ie.\32
£ Jag. 6. .
$=34 GH B 8

Ascending order(s, §§, 3 39 5% i3
Required ordequ.a 3} in, $in, }§in

]
=1
e
(2

'\ . .
(3) How ”m;mh error is involved in taking 3% in. as £ in.t
' 39 3_195-192_ 3

'\’:’ Error = 7} — 5 = 320 = 320
\ &) Simplify : (@ 13+4+1 s (8) 24 — 1%
() 1§ —§ +34.
2+4+3

@1+i+§ =1

1
TLE

8
9

N



I WORKED EXAMPLES IN WORKSHOP MATHEMATICS

1

5~24 B0+5-—-24

2 — 1-8- = = =
) 24 -1 =10 -

30-48+5
80

oe)

&

() 15—2+3%~4 =47

N\
)
2. Fractions: Multiplication and Division {i\ .
(1) Simpiify: (@) § x § x 11 () § + $: () 81 3’

7
(a)gx§x1i=§xgx5=-§"‘

N
www . dbraulibrary.org.in ’\\"

.:.’,:“3
@8 x3p=22, 72,
'\ By
O 2

2) If a tool advances &;

Jor the tool 10\afvance 7} in., if the job is turning at 100 rev. /min?

’I\\Eti.;\of revolutions to advance Tiin =7} = &
¢ v 4

Y 3 16
A
A\ = x
N 278
w\”w

in. per revolution, how long will it take

Time taken = 1%8_ min M
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(3) Egually-spaced holes are drilled in a bar 4 ft 3 in. long as
shown in fig. 1. Calculate the number of holes.

41t 3ip— e}
¥ o) je o Q

l l l
1 }

i H ! : . E . SN
o111, be Zinwde Zina] ke 3 intte Tin <Oy
Fig. 1 X i“\;
Distance between first and last hole = 4 ft 1 in. = 49 m
No, of spaces =49 + i =49 x £ =56 \ ..\\
No, of holes = 56 + 1 = 5\'erw dbl aulibrary\erg’ in
\,

3. Fractions: Probleins

“0

(1) Calculate the dimensions D and d'shown in fig. 2.

~O D=2 +3(11+ 12
\ 3 = 25 + IL
_ 2041

32
=3%lin.
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(2) Allowing Fr in, on the ends of each pin for facing and fy in,
or cutting-off, calculate 4, th of bar required to make 7 pins as
f ing-off, calculate the length of b g ke 7 p

shown in fig, 3,

X
o0

: TR &
H—%lﬂ.—h-ﬂ—heln——biﬂ.d——g‘lll{-‘\

www.dbraulibrary.org.in Fig. 3 \>
\\
Length of pin = r‘m%% s+

.~114+1+7+10

“.{.{’ 16
R
i\ =3 in,
S'I\;thth before facing = 3 + (2 X <
=3+3 = 3

‘, Numberofcuts 7—1=6

”\’\" Total length = (7 x 32 )+ (6 % )
) .'\i” = (7 x %’%) + (% x T'€)
O _693, 18
.\\ ’ 32 ' 16
\/ =2121 4 13
21 4+ 4

=0 T
32

=22%% in.
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(3) In fig. 4, calculate the dimensions a and b,

—Holes 3in. Dia—

a=3+GxD=§+1 —-—5\
b=g i+ 13+ —1+€ g +4
¥ 6+3+3
=
s""* 8
SV =132 =33in

4-6. Decimals: Add:gin}:, Subtraction, Multiplication,
B@usmn and Problems

(1} Calcnlate ﬂz,f q'mzemzom D and d shown in fig. 5.

D

0-875in.Dia

Fig 5
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D = 34550 + 1(1-624 + 0-875)

= 34550 + 1(2:499)

= 34550 + 1-2495

= 47045 in.

O\

d = 34550 — }(1-624 + 0-875)

= 3-4550 — 12495 ¢

= 2:2055 in. ¢ }\

N\

\

,s

(2) Calculate the greatest and least permissible azicﬂues Jor the
dimension marked x in the fig. 6. \\

\

1-525in.Dia to-004 \,
X 0 585in.biat0-002

rww . dbraulibrary org.i

2:8001n.£0-005
e Fig, 6
LA\

Nomir ““I value of x = 2-800 — 1(1-525 + 0-585)
N =2:800 — 1 x 2110
2 _ = 2-800 — 1-055
\5”; = 1'74‘5 i.Il.
O
NV Greatest value of = 1-745 + 0-005 + 3(0-004 + 0-002)
~O = 1-745 + 0-005 + 0-003
QO = 1-753 in.

Least value of x = 1-745 — §.005 — H0-004 + 0-002)
= 1745 — 0-005 — 0-003
= 1737 in.
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(3) Find the greatest and least values of the dimension marked % in
fige. 7.

. 0025
1-500in. Dia T 5. 9042

0775 in. Dia 100025

~3-0035

x i K\

2.5inr% 002w Kty
Fig. 7 “‘ 3
- . w’\\.
Nominal value of x = 2-5 — H{1'5 + {]-75)_ O

=25 — %w)xenzr__ggrau 1b1'ary;01'g.in

=25 — 1125 07\

= 1375 in, A

Greatest value of & = 1-3750 -+ 0-002003 $(0-0035 + 0-0035)

= 1-3750 + 0-0820 + 6-0035

= 1-3805 in.%y

———
Least value of x = 1-375 ~30-004 - $(0-0025 + 0-0025)

= 1-3750 — 0-0040 — 0-0025

= 1+3750 — 0-0065

§. 13685 in.

_ NOTE, When corfecting to 2 given number of decimal places,
}f the next figurgN§-8 or above, add 1, but if it is 4 or less, ignore
lt', E.g. x'\
&076 correct to 3 decimal places  1-508
Lh2743 » “ ’ - 1.274
SN1-86347 ,, 1-863
A
"}?hé same rule is applied when correcting to a given number of
mificant figures,

(4) Give: (a) 14-235 x 2:425; (b) 2-473 x 0-0625 correct 1o
4 decimal places.

METHOD, Multiply as in ordinary multiplication, taking no

n ”
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notice of the decimal points. Then mark off in the product as
many decimal places as there are in both the original aumbers

together. Thus:

(@) 14235 (3 2473
2-425 0-00625 N
71175 12365 A
284 70 4946 ~A

56940 148 38 O

28 470 0-0154 5625 ™

34-519 875 '\'(f
34-5199 0-0158 )

w.dbraulibraygyoggip: (a) 1375 + 2:64; (b) 00638 + 0-875 correct to
4 decimal places. (¢

METHOD. Make the divisor a ihole number by writing the
division sum as a fraction so ;ha]‘réne decimal point is directly
under the other and by drawing a vertical line behind the last
digit of the denominator. Thus:

(a) ZALET (b) 0-063 | 8
’ {m’\s--s«t 0875
%\ 520833 0-07291
263)1375- 875)63-80
SO 1320 6125
o e 2550
\O” 528 1750
O 2200 ~ 8000
A 2112 - BB
&\ d 880 1250
\ 4 792 875
880 375
792
88
5-2083 0-0729
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». Decimals and Fractions: Conversion
(1) Convert to decimals: (a) &; (B) 11 (¢) 3%
METHOD. Divide the numerator by the denominator. Thus:
(a) & = 8[3:000
0375 ")
e\
=375 W

N\

(6) 1% == 121100000
0-91666

= 09167 corteetvtolirdatilmakglecgsin
0-35937 A\
(€} 32 = 64)23-6000 P\
192 8N
3 80 '\:’}".&
320 &V
600, etc.
. ) <\
= (-3§9¢ correct to 4 decimal places

v

(2) Convert ikg’iﬁff{owing decimals to fractions in their I!Qwesr
Jorm: Ko

D@y 07255 (5) 2048 () 184
\‘,/

MEJ\I)'(}) Put decimal part as the numerator of a fraction, the
dendminator being 1 followed by as many zeros as there are
“Betimal places in the original decimal.

AV
(a) 0725 = F2% =33

(b) 2:048 = 21&ds = 203
(€) 184 =185 =13
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(3) A mechanic wishing to measure 0-845 in. has only a mlef
marked in 55 in. What is the nearest he can make it and what will be

his error?
2 = 003125 27 )
e O\
No. of L 0845 3125)84500
C T 0.03125 6250 Oy
84500 22000 (~
= 3125 218754 .7
1250 )

The remainder 1250 is less than balf of 3128
. nearest = 27 and error X \({-00]3 in,
(th\e remainder)
(4) Convert 13 in. to a decimal ofl ft
1% in. as a fraction of 1 fg, %\ * 13 in. as a decimal of 1 ft.

r.dbraulibrary.org.in

X

=1F+12 0-1145
=3k % 1 38 == 96)11-0000
=11 K 96

O 170

A\ 9
SO 440
P 384
x',\‘"‘ 5—

Qv oo 1gin, = 0-115 fe.

)
N,

SN 8-12. Imgarithnis: Positive and Negative Characteristics.

@ 2 Multiplication, Division, Powers and Roots
Calculations can be made much easier if logarithms are used
instead of employing long-hand methods.

A logarithm of a number consists of 2 parts: :
(1) the whole number part (or characteristic), This indicates
the position of the decimal point.
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(ii) the decimal part {or mantissa). This is found from. tables of
logarithms.

Below is part of a table of logarithms.

Mean Differences

o‘x[:\sLﬁs‘s?s'g — | A
- 12 34 s o7 8 9L\

46 -6628‘ 6437 66486

6665 | 6675 G634 | 6693

I 6656 6702|6712|1 2 3[4 5 6|7 78
471672116710 6739|6749 6758676716776| G785 | 6794|6801 2 314 5 5|67 &8
18| ‘63126821 | 6830 68391 6248 | 6857 | 6866 6875 6884 68031 2 34 4 30 8
9|°690216911 | 6920 6528 | 6037 | 6946 6955|6964 | 697216981 |1 2 3|4 475/6 7' 8
50|-6090 | 6998 7007‘7016 7024|7033 | 7042| 7050| 7055| 70671 2 3 387

: 1 : H i 1 o~ g

FOR NUMBERS @REaTREadikiedy org in
Characteristic = number of figures pefore the decimal
point minus 1 L)
a)
(1) To find log 46-2.

The characteristic is 2 — 1 ==lan::l the decimal part is found
by looking along the line at 46 in the log tables and under the Zis
found 0-6646 (the decimal{point is usually omitted except at the
beginning of the hne).\'\‘.. / .

_(\Thus, log 462 = 1-6646
2) To find \i@g‘%s.

"The chdtadferistic is 4 — 1 = 3. To find the decimal part, fook
along tlie'row 47 in the log tables and under 6 is found 0-6776.
To gbtain the last figure we go to the end colurans and under the

,.S‘Ti%\féund a 7 which is added to 0-6776 to give 0-6783.

N -, log 4768 = 3-6783

ANTILOGARITHM TABLES

After using logarithms, it is necessary to revert to numbers. For
this, tables of antilogarithms are used.
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! ! ; ! ! | Mean Differences

| | 1234567809
2

{ "\
METHOD. (@) Look up the decimal part only, by the sime
method as was used for finding logarithms. G\
. (b) The position of the decimal point is found\by the rule:
- Number of figures before the decimal point = Mch\ai;é.cteristic + 1.
Thus: 8

Number

|

H
r 2924_‘2931'2938 29441
2992 2999 300613013 (1
3062 3069:3076(3083(1
313373141, 3148 (3155(1
3206i3214 3221|3228|1
|

46| 2884

289112897 | 29042911
4712951

29582965|2972| 25879
48| 3020|3027| 3034 2041 | 3048
+49| 3090|3097 3105 |3112|3119
'50|3162131?0 3177|3184|3192

2017
2985
3055
3126
3199

b |

Pk ek 2
b Ll Gk B

B i b

» pymuabnun
J oot
Ao o

£

w.dbraulibrary.org.in Antilog \
04725 2068
24725 ~296-8
1-4725 W\ 29-68

NOTE. Answers obtained using fotr-figure logarithm tables are
Rot necessarily accurate to fonrsignificant figures. There may be
an error in the last figure, Ififour-figure accuracy is required, the
calculation must be caified out either by using five-figure
logarithm tables or bMlong-hand methods.

Four useful proegsses can be carried out by using logarithms.

(i) Multiplication: add the logarithms of the numbers and
look up the antilogarithm of the resnlt.
{11) Division: subtract the logarithms of the numbers and look
up the antilogarithm of the result,
(iif)Powers: multiply the logarithm of the number by the
PN . -
\., power and look up the antilogarithm.
(§(iv) Roots: divide the logarithm of the number by the root and

N look up the antilogarithm,
AN
\'"\{ w 4 ) ‘ Na. LUE
(3) Using logarithms find: 22:37 | 1-3496
2237 x 1-965. 1-965 | 0-2934
add
= 43-95 _ 1-6430

antilog = 43-95
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{4) Using logarithms find:
89-52 + 11-45,
= 7-818

—

(5) Using logarithms find:

WORKSHOP MATHEMATICS ZI

1224 x 1-735 x 10-06.

(6) Using logarithms find:
17-49 % 52:10
6295

x:\;"'

(7) Q%ﬁg logarithms find:
5‘&nxﬁ%
2795 % 3-142
= 3501

s/o

\.

No.

89-52
11-45

Log

11.9519

10588

0-8931 subtract

antilog = 7-818 N\

No.

12-24
1-735
10-06

Log NS

1-0878 o\
0-2392/5,
1-0025 &
2, add
33295

wowrwr.d braulibé;ﬁ@ﬁgl'g.ﬁﬂi 5

{No.
W 1749
5210

6-295

Log

1-2427
17168

2-9595
0-7990

2:1605

add

subtract

antilog = 144-7

No. Log

2795 04464

3142 04972
Denominator | 0:9436 add

672 0-8274

4575 1-6604
Numerator | 24878 add

Denorninator | 0-9436

15442 subtract

antilog = 35-01
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i No. Log
(8) Find by logarithms: 7375 | 0-8678
7-375%, multiply by 2
= 5441 T 17386
' antilog = 5441
o AN
9) Find by logarith No-. Log ("
{ wnd by logarithms. 142 10527\..
11-42\ 3745 | 05235
3.745] " R ‘_?4’872 subtract
== 2835 multiply byl 3
~.dbraulibrary . orgin™ 3y
o 114526
. Mantilog = 28-35
(10} Find by logarithms: ' No. | Log
V1175, O 1175 | 100700
3428 N divide by 2 | 0-5350
— N antilog = 3-428
: | {‘\ No. Log
(11) Find by.Jogarithms:
N/40.46 49-56 1-6951
J (_) " 04971 ubtract
P — s
OV \ 7 divide by 3 | 1-1980
AN = 2508 0-3993
'® M " a
:\\..u antilog = 2-508
:"\"":;_ NUMBERS LESS THAN | —NEGATIVE CHARACTERISTICS

When a r.lumber is less than 1, the characteristic is negative. As
the ma.ntnfsa. (decimal part of the loga,rit}un) is still positive, the
normal minus sign cannot be used. Therefore a line, or bar, i
??r_lttt_en over the characteristic, thus indicating that the charactes-
1stic 18 negative but the decimal part is still positive, e.g.

1732 means — 1 + 0732
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The numerical value of the characteristic is found by the rule:
characteristic is one more than the number of zeros between the
decimal point and the first figure that is not zero. Thus:

Number Log
0-065 2-8129
0-739 1-8686 A
(0-0005 4-6990 )

™\
When finding the antilogarithm of a ‘bar’ number, use the anti-
logarithm tables as before. The position of the decimal.point is
found by the following rule: R4
No. of zeros between the decimal point and the fitst figure that
is not zero is one less than the Gham&tiﬁb1~a§y., org.in
9, N .

NEGATIVE NUMBERS N\

If +2 represents two steps forward, thert 7 represents two steps

backwards. Thus, +2 — 3 means 2 steps forward, followed by

3 steps backwards, This is thetsame as 1 step backwards:
2 — 3 = -1, Similatly 5 — 8 = 3.

Also, —2 — 3 = —5 sinde it means 2 steps backwards followed
by 3 steps backwards%;\:., }
Since 2 minus sign signifies reversed direction, then

o —(-n=+2

because twapevérsals brings us back to the original direction. In
logarithms, tHe minus sign is placed over the top of the number,

ThigtOY Z+T=(-2)+(-1)=—2-1=-3=3

AN 143=14(-)=1-3=-2=12
O I_3=(-3)—-(-2)=-3+2=-1=1
—T+3=—(-1)+(—3)=1—3=-—2=2

(12) Add: (@) T-4 +27; (5) 38 + 1-7.

(@) 74 +27=-1+04—-2+07=-3+11
=-3+1+0-1==2_-1
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It should not of course be necessary to work the questions as
fully as this.

(5) 38 + 17 = T,
(13) Subtract: (@) Z7 from 1:5; (b) 3-8 from 1-7.

(@) 5 = 27 = =1 4 05 — (=2 + 07)
=105 +2—07 O
=1-02=08 \\"

(#) T7-38= 1407 — (- Q«;«OB)
=-=1407 + 3%908
=19 \:“\\\.

!WW,dbl’ﬂUlibfg :)orgl ly (@) T7 x 2; () 26 x
(@ 2(17) = 2(— 1-;-0’})
=-2+1\4_T4
(5} 3(26) = 3(= 25 06)
==~6+18—5_§
(15) Divide: (a) 1-6 by2‘~(b) 25 by 3.
(@) 1(16)—%( 1 + 0-6)
O =24 16) =18

@A@s) = 3-2405
N =4{-3+15)=15
<& No. | Lo
(16)\%;‘{“3’{"’ : 0-0:65 z-sais
\51\;1« 0-0365 x 0-2467. 02467 | T-3922 dd
O = 0-009005 79545
AN antilog = 0-009005
O ) No. | Lo
™ (17) Divide: 0-0;65 7 seis
0-0365 + 0-2467. 0267 T922
= (1479 11701

antilog = 0-1479



WORKED EXAMPLES IN WORKSHOP MATHEMATICS 25
. No. Log
(18) Divide: 29-57 | 1-4708
29.57 = 119-8. 119-8 | 2.0785 act
St
— 0:2468 Taozs
antilog = 0-2468
No. Log ‘\\\
a n . N\
(19) Divide: 03862 | 1-5868
0-3862 = 763-2. 7632 | 2-8826, s\bt .
—k &/ HolFad
= 0-0005060 3042
www.dhbr autlﬂbraky 0?%01511060
No,\ Log
(20} Evaluate: 2647 | 04227
2647 x 000921 (L 000921 YW,
— e AN 3.3870
0-0005738 3% 0-0005738 | 7588
= 42-48 2 _ subtract
= O 1-6282
\\\} . antilog = 42+48
N\ No. | Log
.~\‘2‘ 0-5985 | 17771
(Zl)gmluate 3 multiply
‘\ 038262 denominator | 1T-3313
»\iﬁ, Y 05985 03826 | 15828
\/ = 6-68728 . 2 multiply
numerator | 1-1656
denominator | 1-3313
1.8343

antilog = 0-6828

A\
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0-02579.
= 0-1606

(23) Find the square root of :

0-2579.
= 0-5078

rw . dbraulibrary.org.in

(24) Solee:

6283 J 8971
9532

= 1-928

\\\.'
(25) Divides
N/
A 4
1575
= 0-06349

\ N/
&
\Y
\“/

W\
=«

s
i

7

No

£
Q (26) Divide:

1
03575
2797

—

«al
e

~
A

N

N

o

S 3

AR

W\ “divide by 2

N
L 3
LY
L.
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(22) Find the square root of:

No. Log

0-02579 | 2-4114
divide by 2 | 1-2057
antilog = 0-1606

<

t“ ®
\)

No. Log

—\
02579 | 14114\
divide by 2 | 17057
antilog =/05078
o \:\":}

ot
) 95:32

Log

0-9528
1-9792

29736

14868
0:7982 “

0-2850
antilog = 1-928

subtract

6-283

dd

No. Log

| 0-0000
11973

2-8027
antilog = 0-06349

1
15-75
subtract

No. Log

1| 0-0000
0-3575 | 1-5533

0-4467
antilog = 2:797

subtract
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No. Log
(27) Soloe: 0705 | 16433
\/CSSXD7M) Cosas
_ 41-5 45 ) 16180
— {1+ ae
= 06409 14205 A
divide by 3 | T-8068 R,
antilog = 0-6409 |
R
&LV
® \\}

27

www.dbrauliby; )\.\gorg,jn

13. Mensuration: Triangles and Qe‘

ForMULAE A

les

Area of a triangle = § x, base x altitude
Area of a rectangle = kngﬂl % breadih

(1) Calculate the areas of the ;'rngles shown in fig. 8.
A

ALl il e 25in]

'§~/ P .
'.:’ Fig. 8
i"\.’
<\ - (@) Area = 1 x base x altitude
g . x 65 x 35

(]

1-38 in.?

§
1
1% 25 %35
4

(b} Area
38 in.?

n
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(2) Calculate the base of a triangle having an area of 15 in2 if
its altitude is 5-25 in.

Area = { x base x altitude
15 = £ x base x 5-25

N
base < 13 X 2
°= 325 ,’\”“\'
= 3714 in, . O

(3) Calculate the area of the section shown in ﬁg;' 9."}3" it is made
of sheet metal weighing 45 Ib/in.2, calculate fts w\e‘zg{kt.

0'751“. & }
rw.dbraulibrary . org.in 1600 2-250'%«
25in A "\
i 128in. :."“’ c 15in.
: B X .: 'l!".s
o\ VFig. 9

Area ofd = 25 x 075 = 1-875 jn.2
Area 61\B = 125 x 0-9 = 1.125 jp. 2
A\r{’s.,éf C =225 x 1-5 = 3375 in.?

Total Area = 6-375 in.?
o\ . 6375 45
:‘1\ 3 Welght = —1‘4—4' x T
I = {}
2 0199 1

AN\ = 3-14 oz.
QS\(‘Q Calculate the length of strip metal 2 in. wide if it weighs

A \ 75 B and is made Jrom strip weighing 5-25 lo/ffe2
’"\ Ne/

QO Area of metal = 75 g o % 144 in?
= 2057 in.2

Length of strip = f_&% _ 2057 = 102-8 in.

Wl 2 —_
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14. Mensuration: Circles

FORMULAE
If d is the diameter and r is the radius
Circumference (C) = nd = 2ar N\
Fod? O
Arca (4) = - = r® ;..\:\‘
N/

Given the circumference, to find the diameter

ITACAYS dbrauhbl, l)l

n=3142 or 22/7 (approx.) Take Q)g:r 0-4971

Given the area, to find the diameter f

(1) Calculate the circumference and area of a eircle whose
diameter is 65 in,

< .;
3
ALY
e

Circumference = nd ,;; > Ne. | Log
=7 X 63, 65 | 0-8129
= 20- 4&“;5 2
N/ 1-6258
Area 5 %g % | 04971
> 652 2-1229
NL X 4 | 0-6021
AN 4 _
Lo 1-5208

" O {calculation shown)

\’\ {2) Calculute the radius of a cirele whose circumference is 62:3 in.

Dtamctcr = W = QZ——S— = 1990 in,
7 7

. Radius = 392—99 — 9:95 in.
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(3) Calculate the diameter of a shaft whose cross-sectional area is

3-565 in.2
No.] Log
= 3-565 | O- 5520
Diameter /\/ ( o 602’1
4 3 3 365 ”.1‘15:41
T af(\NO-4971
el
= 213 in. {calculation shown) ') 0-6570
2| 0-3285

(4) Calculate the area of the shaded portioni ﬁg 10.

ww .dbraulibrary org.in w\/
Ziin o\ ’
A :‘-—Ziin.—'j
:,\ Fig. 10
Area of shaded%rtmn = Area of square — area of quadrant

N D =2} = x 23*

> '

\"\, = 5-063 — 3977
N = 1-086 in.%

A\
AN 3% (5) Calculate the area of the shaded portion in fig, 11,

/ W

L g

—— 4B i, ———]
Fig. 11
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Area of rectangle = 45 x 1-5 = 6-75 in.?

The area of the non-shaded portions is equal to the area of
a semicircle of radius 1-5 in.

)
Area of the non-shaded portions =z x L3
2 N
= 3-535 in.? N
Arca of the shaded portion = 6750 — 3:535 V)

e 3-215 in.® o))

\ ~\
15. Cutting Speeds W%SE%HE%W% in

(1) Caleslate the speed of a belt in ft/min pa‘mbg'owr a pulley of
18-in. diameter and rotating at 75 rev/min.. .\~

In one revolution the distance travelledby'a point on the rim of

the pulley = md = 187 in. \ >
In 75 revolutions, distance traveLted ‘by the point
— 18g %75 in,
8% x 75
L5T12

(Lss3n
Speed 353 ft/min
(2) A belt !m’vellmg at 215 ft/min passes over a pulley 16 in.
n diameter. Ga“l&ulaze the vev/min of the pulley.
In oﬂ\revoluuon distance travelled by a point on the rim

~\ =g5d = 167 in.

o Hed /mi
~O Number of rev/min = _dxstancc travelle ; /min
\ 4 distance travelled in 1 rev
_ 215 x 12

T

= 506
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(3) If the cutting speed for a given material #s 55 ft/min and the
Job is 8 in. in diameter, caleulate the rev/min vequired.

Distance travelled by a point on the rim in 1 rev = 82 in.

Rev /min = — total dlstance/'rnm A\
distance covered in 1 rev
55 x 12 )
= ,"\
8n « N/
= 26-3 A0

"
(4) An 8-in. diameter grinding wheel rotqtesat 1500 rev/min.
ww dbrauliBthetivtheispeed of a point on the surface of the wheel?
If it rotated I rev/min, distance gg(x:ré)hed by a point on the
'Ifim = 8}'5 in_ . %

For a speed of 1500 rev/min, dibtdnce travelled/min wil be
8% 1500 in.
B x 1500
< 12
Y =340

\\
_(5) Calffflf?f?'the time taken to drill through a plate 1} in. thick
using & 3482, drill cutting at 50 ft/min, the feed being 0-03 in./rev.

\;\“ No. of rcv/min of drill = 50 x 12

§' 7w x 05
\ i
M\:\'. v = 0-5%
9, = 382
Feed per min = 382 % 0-03 = 11-46 in.
125
11-46

™

Time =

X 60 = 65 sec
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16. Percentages

x0TE, To express a number as a percentage, multiply the
number by 100,

7 .
(1) Express T percentage. A\

Percentage = 7 % 100 = 140 _ 4667 Oy
15 3 NS ¥

 §

N/
noTE. To express a percentage as an ordinary number Adivide
by 100, e\

2 .i""
(2) Express 85 per cent as a Jraction. "‘\
w dbriGlibratan i
85 per cent i d I.T&y crem
100 20,7
o)
(3) Calculate 35 per cent of 163. AV

35 per cent of 165 =v116’5¢<% =578
(4) What percentage of 180 is 857
g 8
AN85 100
Percen‘fz:gs’\é T 72
£ \5.'
(5) The length of P\fh was found to be 2-063 in, The specification
called for a Iengtl{'éfQ-O?S in, Calculate the percentage crror.
x,\:“.‘ Error = 2075 — 2-063 = 0-012 in,
& _
.&\\P«irccntage erfor = gg—% x l(i)ﬂ =058
:fﬁ)‘"Tke weight of a casting was given as 125 1 with a possible
\élynf' of 1'5 per cent. Caleulate the permissible range of weights.
15 -

l'S 5= _— = 1‘8 5
per cent of 125 = 125 x 100 75

Range = 125 + 1-875
= 123125 Ib 10 126:875 b
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(7) Plates in the form of a quadrant of a circle of 2-in. radius are
stamped out of squares of side 21 in. Calculate the percentage of the
metal scrapped.

Area of square = 21 x 2% = 5-063 in.2 ~
Area of quadrant =g %x 2% =3-142in.? A

.Y
Area scrapped = 1-921 in.? O
Percentage scrapped = ;—gﬁ—; x 1-(1)—0 <

N

rww.dbraulibravy.org iy, Ratio and Proponiog{,‘lk’i-centages
(1) Divide a length of 7'5 in, z'nto,ﬂii'c\e partsintheratio3 1 4 : 5.
Total number of parts = 3 ;b4+ 5=12
Fractions into which length'is divided are o i T
Lengths are™{i) 7:5 x -2 = 1-875 in.
) 75 % 4% = 2500 in.
AV (i) 75 x5 = 3125 i,

(2) An a@lohmsz'sts of 61:6 per cent copper, 29 per cent lead, 0-2
per cent tin'and 353 per cent zine. Calculate the weight of each in a
casting:wétzglizing 240 1,

K '\ .

OY Wt of copper = 240 x 518 _ 1478411
AS 100 ~ 2184

\ 24
Wt of lead = 240 « 2%, _ ¢.
p \ of lea X 100 696 b

—

. 02
Wt. f t = 240 —— = .
of tin % 166 0-48 1

We. of zine = 240 x 353 _ gn 1

100 ———
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(3) If, in Example (2), only 5 Ib of lead was available, calculate
the weight of alloy of the same composition that could be mads.

5 1b is 2-9 per cent of the total weight
Total weight = 2% % 100 — 172 Ib

Only 172 1b of alloy could be made Ko
(4) How much tin and lead are requived fo make an alloy comzsz:?xg
of tin, antimony and lead in the ratio 15 : 4 : 1 if the wesght of
antimony available is 5 [b? \

Wt. of tin = 5 x ‘}Ew ﬁt&umam Horg.in

(M

Wt of lead=5 x $ =125 1bx\ v
(5) The weight of a casting if made of ast iron is 25 ib. Calculate
the weight of a similar casting if mide of aluminium. (Cast iron
weighs 0-26 b/in.® and aluminium’ wetghs 0-09 #6/in%) What is the
percentage increase in cost if alumintum is used instead of cast iron if
aluminium costs four times Lq*mm:h as cast iron per Ib?

Volume of czlsting\;}—;2_25—6in.3

L D

Weight ofjogefing in aluminium = —o x 0-09 = 865 Ib
A 26 ==
a)” .. ¢-09 . . .
Weight4n aluminium = 036 » weight in cast iron

0-09

2\ Cost in aluminium = - x 4 cost in cast iron

\: 0-26

= 1-385 x cost in cast iron

Increase in cost = 0-385 x cost in cast iron
Percentage increase = 0-385 x 100 = 38-5
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18, Tapers
A taper can be expressed in several ways:
{i) in inches per ft,
(i) in ratio form, i.e. 1 in so and 50, I\
(iii) a coded number, A
{iv) in degrees—for examples using this form, refer to,page 61
(Ezamples 31), O

(1) A No. 4 Morse taper has a taper of 0-6233 in. [\ Express this

in the form of a ratio. What would be the taper W55 in.?

06233 .
1

0-6233 in. /ft = inylin.

www.dbraulibrary.erg.in = O-OSI?\}f{./in.

T = 1"" L in
aper <. in oo

in.

oY = 1/1927
In 55 firitaper = 0-0519 x 5-5
o\ = 0-2855 in.

AN
(2) Caleulate the taper in in./ft of the tapered section shown in
fie. 12, Cafc:u)?:b also the sei-over of the taslstock Jor turning the

taper., ~\J
¢ s;\*;
L2 Bsin 17351m,
N 1
R\ "\ . L ] Sin.———-—a—ﬂ——-Sin.—H
'"\‘,.’" Fig. 12
~\;~/ Reduction in dia = 2155 — 1-733
\ = 0-420 in,
In 5 in, the reduction is 0-420 in,
Inlin , , 0420,
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In 12 in. the reduction = @ 1T2 = 1-008 in,

Taper = 1-008 in. /ft

For turning the taper by setting-over the tailstock, the total . {\
length of the job must be considered as it is impossible to set-over , |
iust the centre section. .

. T :"\

For any taper turning, the set-over = § reduction in dia., \J

0420. )
111. §7

If job were 5-in. long, set~over would be

\{ \
But since the job is 11-in. Iongws;@{;‘,%iﬁt'afmbwal}%l%[félﬁh
11 PN
= (210 x 3 \ *C
=0-462in. ()Y

N/

4

*a3
"”‘

N

(3) Calculate the diameter of tk&:gbt;;kpiece shown in fig. 12 at
a distance of 4-5 in. from the !afég? end.

Reduction in dia/in. -—-ag\—o 0-084 in.

For a distance 4} in. from larger end, requ.n’ed taper
length = 1-5 in, .“'.,,.’

Reduction ;{ dlameter =(0-084 x 1.5

‘ = {126 in.
Rtfqm%d diameter = 2-155 — 0-126
) = 2029 in.
0 \ ’
AV

A% (4) Calculate the distance from the smaller emi of the workpiece
shown in fig. 12 where the diameter is 2000 in.

Increase in diameter = 2-000 — 1-735
= (-265 in.
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. 0-265
Distance from smaller end = 3 + 5085
=3 + 3-155

= 6155 in. Q]

| 19. Metric System )
CONVERSION VALUES '\“:’5
1in. = 25-40 mm -
I mile = 1-609 km«\'\
1 gallon = 4-546 litres
www . dbraulibrary.org.in z'\\a

(1) Convert 7:25 in. to millimetres .

4

27>
A
"\

3
’

1in. = 25-4 mrd )"
7-25 in, = 254 3\7°25 = 184-05 mm
) Convers 118 mm to'mche.r
ZEian =1 lin.
\'\‘m‘s mm = oo X 118 = 4646 in.

2\
L >

(3) WHakss the ervor in inches in taking 35:55 mm as 1-406 in.?
\:\w 254 mm =1 in,

35-55
p 35'55 == |- i .
;\\ min 753 1400 in

N\ Error = 1-406 — 1-400 — 0-006 in.
"\ N

(4) Convert 24 m.p.h. to km/hr.

1 mile = 1-609 km
24 miles =24 x 1-609 kmn = 3859 km
24 m.p.h. = 3859 km/hr
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(5) Convert 35 miles/gal io km/litre.
35 miles/gal = 35 x 1-609 km/gal
_ 35 x 1609
T
= 1238 km/litre

km/litre

20. Algebra: Symbols, Simplifications, Brackets )
.”\
(1) Ifa =2, b = 3, find the values of : (a)b+ 5; (510 — a—b”
(€ 5a; (d) ab3 (&) b/as (f) Ta — 303 () s “"’ 25 ) 3(2a + 45).

(@) b+5=34+5=8 W, dblauhbraly op’gm
B 1W0-a—b=10-2-3=5 AV

(©) Sa=5xa=5x2=10 A

@ ab=axb=2x3=6 QO

(€) bla=b+a=3+2=1} ,‘.’;;'«
(j)7a-—3b—(7x2)—(3><3) -9=5

{)Zab—a 12-2 10

dats 8+3 A
) 3(2a+4b)=3(e\;g~1’z)=3 x 16 = 48

(2) Ifx =5, y 23, Yfind the values of : (@) x%; (8) 2y®; (¢) (Txy)*;
(d) (2% — 338, NS /

(“)xs‘—x\:z{x~5x5_25
(b)ZyQ%nyxyxy 2x3x3x3=>54

OR ($7>;v)2 (7 x 5 x 3)? = 105% = 105 x 105 = 11,025
»\(J)(Za—y)a_(1(}~3)3—73—7x7x7-»343
() Simplity: (a) 4y + 29 + 5y; () $h — Bh + Bobs
(€) 18m — 3 — 6m + 4.

(@ 4y +2y + 5y =11y
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®) Y- ht b= G-+ b=

(©) 18m —3 —6m+d=18m — 6m—3 + 4= 12m + 1

(4) Simplify: (a) 32 x 4y; (b) 4p x 4q; (c) 4% x 5z; A
(d) 1 x 208, O\

(@) 3x x 4y = 124y O
(®) 3p x 49 =¢pg = 1pq RS
(€) 42 x Sz=4 x 522 = 2028 &
5
(d) 3k x 20k = 2252 = SR
v dbraulibXSyYSIERRy - () 2y + 4) + 3(y + 25BY5(2p — 3) + 4(p + 4).
@2y +4H+3(y+2) = 2y;i-~$>1— 3y +6=>5y+ 14
B) 520~ +4Hp +H =10~ 15+ 4p + 16 =14p + 1
2L Alg“eb;é;: Solution of Equations
(1) Soloe the equtations: (@) t + 2 = 6; (5) b — 7 = 19;
r\J

i5 3 5

(a)t.el-'\'i‘.;ﬁ SoE=6-=2 t=4
g&{}}éi7=19 S h=1947 h=126
) sg=20 g =%9 g =4
~\ "\a (d) 1s=1 Cross multiply 25 = 6 §=73
() 1?5 —45 Cross multiply 15 = 45c =35 =}
3 s

(f) '5 = 2- Cross multlply 6 = 5 W= % = 1-!;
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(2) Solve the equations: (@) 9y + 5 =238; (b} 6u—2=13;
O1lz=3=2;(d) Nt —-2)=21;(e)Hx+2) + 34z~ 5) =
(f63k—2)=70Ck+ 1)+ 17.

@ W+5=38 .~ 9=38-5 . 9=33
() u—2=13 . 6u=13+2 . 6u=15 )
_

(©) ix-3=2 Sorz=2+473 12—5\”
www . dbraulibr a,x)tbﬁgmi 25

B 7¢—2)=21 . t—2=3 N =243
}\‘ £ =5
(@)  4x+2)+3(4-5)= )
" dx + 8 4 12x ~ 15 23 \
4x + 12:»T-“25——8+15
1642 32
e x“=2
m\\
(fy 6(5k—2)=7@k+ 1)+ 17
Sk —12 22k 47 + 17
30k — 21k% 7 +17 + 12
\2& = 36
oy k=14
~L
3) @e the equations: (a) 2¢* = 18; (b) s* 4 15 = 40;
(6) 33; W} 12 = 255,

\'”\, ul (@) 22=18 () s* + 15 =40

4 LeE= 9 ;. s2=40 15
c =49 s2=25
=73 5= 4/25

§=75
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() 3x% + 12 = 255
3% = 255 — 12 = 243

x% = 81
&= 4/81
x=9. N\
. .. b 4
(4) (a) Solve the equation +/(2)r +r = §; (b) if P ’i:\?su'-
culate b when a = 3. \ O
@ vV@Qr +r=35 AN
S l44r 47 =5 (O
2414r =35 RAS)
5
ww.dbraulibrary.org.in r= 2414 i%@?
b4 R\
b =_ N\
© a—b 5§ QO
When @ = 3 this becomes A\
B ‘_ ‘_1-_
\3-5 5
ltiply: A
Cross multiply AN 53— 43— p)
)Y Sh=12—4p
N Sh b =12
O 9 =12
N
A/ 12
L ) b = — =
x:\"' . 9 1%
O
\J 22. Evaluation of Formulae I

’:.;3;}1) The diameter D of the head of a fat-headed machine screw is
) \' Ziven by D = 1-64d — 0-009, where d is the diameter of the body.
\“> Calculate D when d = 0-216 in,
D = 1-644 — 0-009
= 164 x 0216 — 0-009
= (F3542 — 0-0090
= 0-3452 in,
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(2y The formula M = I — 1.5155P + 3W is used in the three-
wire method of measuring threads. Calculate M when D = 1% in.,
P=1in, W=04070in.

M=D—1-5155P + 3W
=125 — (1-5155 x 1) + (3 x 0-070)
= 1-2500 — 0-7578 + 0-2100
= (-7022 in. A o
—_— A

(3) When rolling certain types of thread the following formula s
wed: D = n(d — 1-25G) where D is the outside diameter of\ the
thread yoll, d is the diameter afier completion of the thread G the
depth of the thread and n the number of threads on the roll\C’aku!are
D when n=28 d= 025 G=——www dblaullbralyorgm

= 8(‘0 25 — 1-25 % g’:{):'\\w
= 8(0-2500 -- 0-0521L), “
=8 x 0-1979 = 1-5832 in.

(4) If F Ib is the tangential force @cimg on the rim of a ﬁywkeel of
radius R ft and n is the rev /mm th.m the horse-power H is gwfm by

= IR leulate H wkm R= 13, F =60, n = 1200,

5252
o x 11 x 1200
..mﬁ 3252
@2 90,000
PO 5252
O~ =171
&\

(5) ~T Re stress on a flywheel rim S Ib s given by
S = 0-00005427 W Rn?

\where W Ib is the weight of the rim, R ft is the mean radius of the rim
and n is the rev /min. Calculate S when W =120, R = 2, n = 340.

8§ = 0-00005427 x 120 x 2 x 340%
== 1506 1b
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23. Evaluation of Formulae I

() Theformula Z = h(A + g ts used in calculating the strength
of built-up beams. If Z =182, h = 28 and a = 15, caleulate the™

value of 4, A
a :\\\
. 15 A0
182 = 28(A -1 g O
¢ ’”‘\
\/
1-8_g = A 4 }E A \
www. dbraulibrary.org.in 28 6:\\«
4 =6h21
N

N
N
- 3 N

(2) The formula p = 6%5%02—0 gives the allowable pressure on

sitdes. Calenlate wkge P = 250,

o\
e 5o 45,000
LA 60v + 20
PAS, - 250 = 45,000
N/ 80w + 20
.“\xg\“ 250(600 + 20) = 45,000
AN 15,0000 + 5000 = 45,000
O 150 + 5 = 45
'\‘fg'o : 150 =45 - 5 =40
w’\: w4 40
. V= -
15
=2

(3) The dfeﬂection' D of a beam of diameter d in, whose length is
lin. and which carries a load of W I at ifs centre is approximately
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T 70 x 108 x 44
W = 500,

(4) The formula A =

W

wp

Caleulate the deflection when d =2, 1= 10,

500 x 108

TT0x 108 xdt T0x10°xExFxXEXE

Sx4xdxtx4

T x10x3x3%x3x3

= (-023 in,

015y + 9 which occurs in spsp"'g?é&'iﬂg

gives the connexion between the width of face A in,; ,tké\e}fametml
pitch P and the pitch-line velocity v in ft/min. Coloulate A when
v = 786 and P = 5.

A=

W W dbraul.JJq\l‘ary org.in
0-154/786 + 9 \s

5
(0 -15 x 28 04-) -F 9
S
_ 42149 1321
S A5 5
=m8;§4 in

(3) The hardness - b\@ue "of a specimen is given by the formula

3000

L >

. Find to the nearvest whole mumber the

1571{10 — /100 — a3}
hardness ealea%en d=

gyardness value =

8.
3000

1571 {10 — 4/(100 — @)}
3000

= 15.71{10 — 4/(100 — 64)}

B 3000

T 15-71(10 — 4/36)

3000

7% 4
= 4% to nearest whole number,

f 3
Nt A

X:/.
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24. Angles

The following are the most important facts about angles. Referring
to fig. 13, if the two lines are parallel: (i) the angles marked x are
equal and called corresponding angles; (ii) the angles marked y are.
equal and are called alternate angles.

www. dbraulibrary.org.in Fig. 13 p \\".
The sum of the three angles of a’tﬁ:a,}gie is 180°,
A triangle with two equal sides i§galled isosceles, and the angles
opposite the equal sides are equal.
A triangle with all three sidés equal is called equilateral and the

angles are each 60°, Y

~

(1) (@) Express 5{‘“ 27" in degrees and decimals of a degree;
(B) Express 15-22°Gn degrees and mimutes.
(4) Since 60\\= 1°
thefl 27' = 22 degrees = 0-45°
OS82 27 = 53.45°
(B) Biiice  1° = 60’
\:,}then 0-22° = 60 x 0-22 = 132"
R4 . 15:22° ='15° 13’ to the nearest minute.

ad

-~ :\ (2} If two angles of a triangle are 63° 36" and 44° 48, calculate
\J  the remaining angle.

Since the sum of the three angles of 2 triangle is 180°, the third
angle = 180° — (63° 36’ 4 44° 487
= 180° — 108° 24’
= 71° 36’

-—
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(3) In fig. 14 AD bisects / BAC. Calculate 8.

- Fig. www.dbl‘aulierQ:"\!'g,jn
N\
[a=32 Ly=66° O
In both cases, these are alternate anglcs« ;\
, S BAC=x+4+y= 66“—!‘- 32° = 98°

Since 4D h1sects this angle ‘{‘\IZ N
L CAD = & + A SH(987) = 49°
e 0%.-—_' 490 X
AN = 490 — 320
~NS pras

(4) The trianple A.B}s}aown in fig. 15 has a right angle at A and
the sides BD, RE 'ind AD are all equal. Find the angles of the
triangle ABD@&I ADC,

i”\v A
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Since DA = DC
*. & = 63° (isosceles triangle)
¥ =180° — (63° 4 63°) = 180° — 126° = 54°
1y = 180" — y = 180° — 54° = 126°

Therefore the sum of the other two angles O
t4 7 = 180° — 126° = 54° O
But # = z (isosceles triangle) e A
therefore t=3x54°=27° and 2= g*‘

(5) Calculate the angle marked 0 shown in fig. ¥6.BG and CF are
parallel to 40, NS

«wiw.dbraulibrary.org.in

A0 Fig. 16

MG = / BAQ = 60° (alternate angles)
&/ GBC = 100° — 60° = 40°

But“;{ “ £BCF = /GBC = 40° (alternate angles)

N

NS BCE = 40° 4 90° = 130°
\i»\’ sb= Jg~5>°< 130°
O —
N\ z5. Pythagoras’ Theorem

4 3
A7

The Theorem of Pythagoras states that in a right-angled triangle,

the square on the hypotenuse (the side opposite the right angle} is

equal to the sum of the squares on the other two sides.
Referring to fig. 17 if C'is a right angle, then ¢ = ¢? + b®

(1) Referring tofig. 17: (@) ifa = 4 in. andb = 6 in., calculate ¢;

O
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(B) #f ¢ = 14-31 in. and a = 11:58 in., caleulate b; (¢} if ¢ = 7§ in,
and b = 31 in, calculate a.

(@) % = a® + b? (b} d=a+ ¥
___42+62 A bB=C2_a2
= 16 + 36 = 52 = 14-312 — 11-582 .
¢ =+/52 =72l in. = 2048 — 1341 \
~ =707 O\
b = /707 = 8411 111\\
(€) e =a® + b? ,‘}.
- —}2 A 5
= 76252 - 3250 L&
= 58-14 — 10-56 $

= 4788w .dbraulibrakyrorg.in
a = /4758 = 6-90'h.
*&-

A bR C
Fig 1:7' Fig. 18

(2) A flat 12 X wrde is to be mackined on a bar 3% in. diameter,
Calculaie rb\é';}imzmum depth of cut (fig. 18).

~\“Radius of bar = }{3-625) = 1-8125 in.
.,.:.\ Half length of flat = §(1-75) = 0-875 in,
Bﬁ Pythagoras Theorem h? = 1-81252 — 0-8752
\: = 3:285 — 0-766 = 2:519
B = 4/2:519 = 1-5871 in.
Depth of cut = 1:8125 — 1-3871
= (2254 = §-225 to the nearest

thousandth of an inch
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(3) A4 triangle ABC has sides AB and AC of lengths 5-64 in, and
3-22 tn, respectively and the length of the perpendicular from Cto AB
5 2:65 in. Calculate the length of BC (fig. 19).

C

www.dbraulibrary.org.in L"‘_"‘——— 56410 —"‘v“"l
Fig. 19 \s
AD? = 3-22% — 2-652 = 1837 7-02 = 3335
AD = 4/3-35 = 1-83 jn..”
DB—564--183;“381 in.
BC? = 3-812 21’)52—- 1452 + 702 = 21-54
BC = +/21-54%= 4-64 in.

(4) A keyway tsgs‘be cut into a shaft as shown in fig. 20. Calculate
the depth of tke\k@zﬁay
O 0-3125in.

P4 S

Fig. 20

Radius of circle = 1(1-25) = 0-625 in.
Half width of keyway = 0-3125 in.



\
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By Pythagoras’ Theorem

A% = 0-625% — 0-31252
= 0-3906 — 0-0977
= 0-2929
B = 4/0-2929 = 0-5412 in.
p = 0625 — 0-25 = 0-375 in.
d = h—p = 05412 — 0375

N

= (-1662 K
= 0-166 in. correct to three decimal places.{ )
"N
'\'a.“
26. Trigonometry; The a%lary %g in
TRIGONOMETRICAL RATIOS N
. opposite L&
Referring to fig. 21, tanf = OPPOSITE N
adjacent\)v
=
-+
B
Q
(o}
o,
Q
o\i..Adj acent
O\ Fig. 21

oy N7
\ S

SPECIMEN LANES FROM TANGENT TABLES

] N\ - - :

EJ S N'e | 127] 18 | 20 |30 | 36 | 42 | 48 | 59 | Mean Differences
= “s; . . i o

W NS ! H
" S 101 1622 [0°3 [0°-4 0° -5 10%6 0°7 (078 {0°9 |1 2 3 4 §
\\’”1_ ST I o B _ _
45 ‘1 0000|0035 | 0070|0105 0141 0176 02120247| 0283 |0319(6 12 18 24 30
46 11-0355| 0392 04281 0464 0501 053805750612 | 0649 |0sBa|6 12 18 25 31
47 |1{J724 0761107990837 0875 | 0013 |0951 | 0990|1028 1067|6 13 19 23 32
48 11-1106' 1145 (1184|1224 ] 1263|1303 | 1343 [1323| 1423 |1463|7 13 20 27 33
49 11504 1544 (1383 |1626| 1667|1708 1750|1792 | 1833]1875(7 14 21 28 34
50 : 11918|1960 20u2|2043 2088 2131|2174 |2218;2261| 2305|7 14 22 29 36

(\)

N
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(1) Find tan 46° 24’ and tan 46° 47'.
tan 46° 24" = 10501
tan 46° 47’ = tan 46° 42’ together with difference for 5'
= 1-0612 + 0-0031 = 1-0643

B

. N
(2) Find the angle whose tangent is 1-0593,
tan 46° 36’ = 10575 O
3" =00018 O
tan 46° 39" = 1-0593 "l
N
(3) Find the length of the side a in fig.22. D
2 - tan 25° NG
www.dbraulibrary.org.in 76 A
a=T76xt ”2’5“‘
=76 x{0:4663
= 3-54 in.
4B
a
.
p oo 5n.
A T6in. C ' 8
Pz, 22 Fig. 23
PN\

(4 Bind the angle 0 in fig, 23.
“\ W

-

an = 2 — 05882
| f=30° 28
(3) Calculate the distance d in Fiz. 24,
We work with right-angled triangles and obtain d by
d=CD - BC
that is, from the two right-angled triangles ACT) and ACB.
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D
d
N
L\
B :,.;:\ v
RS
m \:"‘:\{’“
C : \ 4
G dbrauthr‘y ‘org.in
Fig. 24 R :.
DC 3 & ]
From ADCA = = tan 60° DC -:—-§‘x tan 60° =6 x 1-732
== 10-392 in.
BC NZ o
From ABCA & T o 38 BC = 6 tan 38° = 6 x 0-7813
= 4-688 in,

z{sg 10 .392 — 4-688 = 5704 in.
N —

27 Trigonometry: The Sine

"</ .
) . opposite
In ﬁg. Z}xw sin ) = h—-———-—
N\ £ ypotenuse
SPEC \!!N LINES FROM SINE TABLES
m, | | | ' { .
e i
5“%»” v e ! 12. 1 t 247 1 | 36 ! a4 | 48 1| &g |Mean Differences
\M ' ; o a4 &
Q‘O“-O 01 n=2|a°3 04 U“Sil}"ﬁ 007 | 0B |09 | T2 45
21| 3584 2600 3616 | 3633 | 3649 | 3665 | 366113697 |3714(3730( 3 & § 11 14
223746 3752|377s 2705 (3811 | 3827 | 3843 3859 3875‘389! 35 8§ 11 14
390?|3923 3935 | 3955 | 3071 | 3087 | 4003 | 2019 4035 14051 3 5 & 11 14
4067 ; 4083 | 4099 4115 | 4131 414‘?|4163|4179 410544210(3 5§ 8 11 13
35‘ 4226 ! 4242 4258 4274|4389 (4305 4321 4337 43524368|3 5 8 11 13
! : .
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(1) Find sin 23° 12" and sin 23° 34'.

sin 23° 12" = 03939
sin 23° 34’ = sin (23° 30° + 4)
=0)-3987 + 0-0011 = 0-3998

N\
(2} Find the angle whose sine is 0-4046, L\’
The largest value less than 0-4046 in the table is (3>
sin 23° 48’ = 0-4035 N’

which thus needs an addition of 0-0011 from the d@eféncc column.
The angle is, therefore, 23° 48" + 4 = 23¢ E

www.dbraulibrary.org.in \\
(3) In fig. 25 Jind the length x, \\ v
% = sm 4‘[" i
x = 731:1 41°
7 x 0-6561
== 4503 fi
x &
,b.b‘
4-6in.
Fig. 26

\/ (4) Calculate the angle x in fig. 26,
. 34
Sinx= o= 0-7391

&= 47° 39
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(5) In fis. 19 calculate the angle A and use the value of this angle
to find the length of AD.
sin 4= 2 _ 265 _ 48030
AC 322
A =755"2% O\
tan 4 = cD XS
AD ~
tan 55° 23' = 2—-65 ("}k
4ap AR
14450 x AD = 2:65 \"

AD — @ 1 7y dbrauhb{al,y .org.in
1-45

2
\ \
28. Trigonometry: "I"lie' Cosine
adjaqqﬁf -
hypotenuse

In fig. 21, cos f =

SPECIMEN LINES FROM {S"OSINE TABLES
! | | ¥ XW% :

|
4 | 48 | 54 | MeanDﬂemnccs

i' o & |12 {18‘\‘\24’
Eil 00 | 021 j0>2 {033 [ on4 | 075 0°v6io°-?=o°-sJo°9i1' > ¥ &5
[ |

o .

- — N -

71 3236 3239\8 3233 | 3206 | 3190 | 3173 | 3156 | 3140 1 3123
307413057 | 3040 ‘

13107
2940

3
3090 | 3024 | 3007 | 2900 | 2974 | 2957 3
024 200P 2900 3574 2857 12840 | 2823 | 2807 | 2790 | 2773 | 3
»273%@#{! 2723 12706 ; 2689 | 2672 2636 | 2639 262212605, 3
-Z\N 571 2554‘2533i2;21 2508 2487 2470|2453i2.436, 3

1
™ )1) Find cos 72° 6’ and cos 72° 45'.
cos 72° 6" = 0-3074
cos 72° 45" = { 2974- — 0-0008 = (-2966

Tt should be noted that since the cosine gets less as the angle
increases the differences must be subtracied.

L= = L =
0% 50 B0 94 L0
ko ok
o e ok ok ok
=
i

_3*'
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(2) Find the angle whose cosine is 0-2999,

The smallest value greater than 0-2999 is 0-3007, which thus
- requires a subtraction of (-0008 which is found in the difference
column, under 3'.

Hence, the angle is 72° 30’ ++ 3’ = 72° 33". 2\
(3) In fig. 25, find the length y. p :\:\'
o\
%, = C0S 410 ,’:}:\..}
¥ =7 x 07547 O °
=5283 ft o\
WW\;,dbl‘auliﬂléﬁ)l‘ﬁlﬂﬁﬁﬂlgi calculate the angle ACD, '

2:65 1N
ACD =~ (8230
cos AC 3.22’::\&82

ACD = 34837
(5) Calculate the length of z'ﬂB“m fiz. 24,

= cos 3838

6 =ABcos38° 4B = 6 = __L
7, ¢0s38° (7880
:,}i”; AB = 7-62 in.
}”\.‘t
'\\"' 29-30. Trigonometrical Problems

W\ .
.,\u?{" (1) The difference in height between the centres of the discs of @
\,”\) o 10-tn. sine bar 1s 2345 in. What angle is indicated?

1010
2-345in.
5

Fig, 27
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If, in fig. 27, 6 is the angle required, then

sin § = %}-ﬁ = (-2345
10

6.=13° 34'

(2) Ten holes are equally spaced round a circle of diameter 15 in.
Calculate the chordal distance between the centres of two adjacent )\’
heles. N7

« \J

,“’5
Y
£
\;“\\\o

. N\ %
{brdxy.org.in
\,_ %&

A\
/\,) Fig. 28

In fig. 28, thc;.a,i;:gle subtended at the centre by a pair of adjacent
360° 0%/
holes = ——_{(=36°.
0iE8 :!??'\”'\3
If OP\s drawn perpendicular to AB, then since 40 = BO,
P bighcts AR and OP bisects £ AOB
N
~O C = sin1s° and 2 — 0509

4
PR =75 % 3090

AB =2 x PB=2 x 2-218 = 4-636 in.
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(3) Calculate the distance d in the template shown in fig. 29.
(Construction lines for the solution are dotted.)

D F 133in. A ¢

37°

1
|
1
|
|
I
1
1
1
¢
]
I
t

www.dbrﬁulibrary,org,jn £ ) B,x'}t\"\

Fig. 29 4 ;\

Draw right-angled triangles 4CH and FDE

Then LABC = $FED = 18)° = 18° 30/
and DFE =AC
In AACB m% = tan 18° 3¢/
&
NV AC g3
tn,:..l 10'5
‘i;.\’ S AC =105 x 03346
~L = 3513 in.
~Hence d=13-3~ DF — AC
Q =133 —2 x 3513
A _ =133 — 7.026
Q = 6274 in.
. 2474 .

(4) A 1-in. test plug is placed in the angular groove shown in
Jig. 30. Calculate the distance d,

Join OC. If P and Q are the points of contact of the circle and
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Fig. 30 A
AN
the tangents, then the angles at P and Q are nght augiqmd by
symmetry OC bisects the angle of36%.dbraulibrax i, rg in
. L OCP=18° '\>

7

\o

*, from the triangle OPC OP = tan 13
and OF = 03 in.

s 5‘~ —*CP tan 18°

N s .
a d = = 1'5‘1‘ .
! Q cr tan 18° i

d = CP-S{\\GS“1:4+050 204 in.

s
..‘,

(5) Three hoi’es.ére bored in a plate with centres A, B and C where
AB =16 m\bé = 12 in. and ABC = 40°. Calculate the length of
AC(fig, ‘3\ J

Dl‘ﬂ‘ﬂ}DC perpendicular to AB

”\'I‘-‘l ‘ABCD

A% C—f = sin 40°

. CD =12 % 0-6428
= 7714 in.



6o WORKED EXAMPLES 1N WORKSHOP MATHEMATICS

C
P
“n
4 N
40° Ve &
¢\
A D B o\ e
!"'_ 16 il'l‘ ! . ;’ \J
Fig. 3t A\
A\
Also in ABCD %) = cos 40° "\\}
www . dbraulibrary.org.in S BD=12 x 0376%:
= 91921
SO AD = 1639192
=808 in.
In pADC Aﬂ 6 808 CD= 7714

". by Pythagoras’ Thee:em

Q AC? = 6:3082 4+ 7-7147
~ = 4635 + 59-50

\\\ ¢ = 105-85
AC = 4/105-85 = 10-29 in.

b

s \

{6) Sﬂr\‘ﬁe template shown in fig. 32, calculate: (i) the length of
BC CAB = go; (i) the angles B and C of the triangle; (iii) the
»wter of the template.

,\ By Pythagoras Theorem

»\‘ ’ BC* = CA% + AB?
\/ =3524+122=169 BC = /169 = 13 in.
To find angle B
 tan B = 5 = (4167
B=22°37

angle C = 90° — 22° 37’ = 67° 23’
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N\
2\ ¢
\N)
1 ;.'\\ -
1 - « \/
1 \
P . Q N
L‘ 1211, ! D
- P\ N
Fig. 32 W

www.dbraulibrary’ org.in

Angle subtended by arc QRS at centre /0™
= 360° — 90° — 22° 3R(S'90°
=180° - 22°37 ()"

Angle subtended by arc TUV aj:‘,t'::éiﬁte
= 360° — 9025-"67° 23 — 90°
= 180° 6723

. a

Angle subtended by ate WXP at centre = 90°

Total angle subterided” by three arcs

_(2180° — 22° 37 + 180° — 67° 23" + 90°,
N= 360°
Total pe(i}n\gfer of three atcs =2n = 628 in,
Tota,l\\ﬁerameter of template = 628 + 5 + 12 + 13 = 3628 in.
N

& o4 31. Taper Turning

" (1) Caleulate the tailstock set-over to turn a taper of: (a} 1 in 10
on a job 24-in, long; (B) 16° on a job 20-in. long.

If the tailstock of the lathe is set over a distance d then 2 x din.
more will be removed at the tailstock end than at the other end,
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{2) Forataper of 1 in 10 on a job 24-in. long, the difference in
the diameters of the two ends = 2§ = 2-4 in.
S 2d=24
.. tailstock set-over, d = 1-2 in.

N
(6) Difference between the diameters of the two ends A
= 2 x 20 tan §° N
= 40 x 0-1405 = 5:62 in, d
’ ;. 2d =562 Oy

. tailstock set-over, d = 2§1fn‘

(2) Find the setting of the compound skide 't Yurn a taper of 1 in 8
v dbrauBb R 8 odn in fig. 33. d\<

Smc\s%ﬁe job is 17-in. long the longer diameter is 18_7 = 2-125in.
gg@éf than the smaller diarneter
O 2125

N PR="_""=10625
AN 2
& . . 1-0625
) If & is the angle required, tan g = — 0=
\/ gle require *= 5
= (0625
o =3° 34

() (@) If the taper shown in fig, 34 is turned by offsetting the



WORKED EXAMPLES IN WORKSHOP MATHEMATICS 63

tailstock, calculate the offset; (B) If the taper is turned by using the
componnd slide, calculate the setting,

T ol
] ) [ —F——== !
2in. lin, - ‘/_j 0-50in.
LU + PN
ol i A o
05in 37500, o 2-5in. - ¢\
Fig. 34 e\

(@) Total taper = 1-00 — 0-50 = 0-50 in.
If the job were 2:50-in. long set-over would be 0: 25‘ in)

675
Since the job is 6-73-in. Iong\.\}i\s SO S cermm yggg;m

/>=/0-675 in.
(5) If the compound slide is used and oc\h the setting angle

tano{—g;z—-—ﬁlﬁ

N
“ N

o = 5°:43%
32. The Circle: Tngohometncal Problems

(1) 4 60° vee-block s 1«250 —in. wide at the top. If a 0750 in.
diameter plug is placedkafke groove, find the height of the top of the
Pplug above the top ofithe vee.

o g

<" - 0-625in:
” { ’\ e _’I
O
N O
§§ I
A i
, \ , h H

\:
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If H is the height of the triangle {fig. 35)

9«% = tan 30°
H= %16_%3_ = 1-083 in. ) '~"\'
Distance of the centre of the plug from the bottgni \ciF\the
triangle s given by  where "o = sin 30° _ N
B 8%3% 0750 in 00"

rww.dbraulibrary . org.in A
Distance of top of plug from bc-'ct.qugx o triangle

2= 0750 SNM375
= 1125,in”

Distance of plug from goiy:‘o'f‘ vee = 1:125 — 1-083 = 0-042 in.

(2) Caleulate the am;ter of a plﬁg which, when placed in a 150°
vee-block 1-500-ineide at the top, will have its top surface just level
- with the top o&l{‘e&!’ock.

9. Q 1-500in.
=F A
:¢\..o -lrl?"'
\O” 5°
' Fig, 36

\w\:“}," Join CA4 (fig. 36). This line then bisects / 4 which is 15°

3
In ACA LA 19
ACAQ TS0 = A0 7%

¥ = 1-500 % (-1317 = 0-197
.. Diameter of plug = 0-394 in.
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(3} Find the diameter of the largest hole that can be drilled in a
quadrant of a circle of radius 1 .

D
r
C
r N
1 \“/
0 a5= ‘.‘Xs"‘.
Fig. 37 LV
In ﬁg 37 since www.dbt’aulibré{'y_ f‘g_in
0D = OC + CD \\
LA A ) 72

re g A2:0.414 in.
Diamefer of the hole = 0-828 in.

(4) 4 120° vpeBlbck 1-500-in. wide at the top is rounded off at
the bottom by xg‘m'dius of 0-400 in. Calculate the maximum depth of

the block (,@\, 8).
O 0 T5in.—t

A B C A
~O
™ 0
D
p
Fig. 38
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In fig. 38, C is mid point of BA.

075 . .
In AACP 7 =tan 60° = 1732
075
© PC=-"" = 0433 .
¢ 1732 O
e\
I A0DP 22 gin6oc = 0-866 O
OP Q
oD 04
el — 3§ Yﬂ.
OP = 556 = 5866 Q8

\ 4
www.dbraulibrary org.in S QP = OP — OQ '\\": .
= (-462 — 0 2 (0-062 in.
L C0=CP- QP== 433 — 0:062
R N = 0371 in,
Depth ofblock = 0-371 in.

™3
N

33. The Circlw\:\"Applications of Pythagoras’ Theorem
(1) Calcuza{@iésmm d in fig. 39.

L))
\

Fig. 39

Complete the triangle ABC, then

AC = 1:25 = 0-50 — 0-25 = 0-50 in.
AR =0-50 + 0:25 = 0-75 in,

N\
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By Pythagoras” Theorem
AR = (0752 — 0-50%
= :5625 — 0-2500

= 0-3125
AB = (-559 in.
d = 0-500 4- 0-559 + 0-250
= 1-309 in. O
(2) Caleulate the distance d in fig. 40. \ QO

7°%%
0 AN 3
£
A
’ ww.dbraulibrgry‘e?‘g_in

v :’Q{\ d‘
[x. 4 \'; £
\

Complete the tﬁ;:il;le O AB and draw OD perpendicular to AB.
Then, 3" 0A4=3t+ §=+tin.
%a OB =31 + 1L =4%in.

K OD =3t + }=4in.
; .”P’y‘thagoras’ Theorem
Q~ a® = 417 _ 42 = 1806 — 16 = 206
g a=4/206 = 1-44
b2 = 432 . 42 = 22:56 — 16 = 6:56
b = £/656 = 256

d=a-+b=144+ 256 =400 in.
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(3) Find the radius r of the plugs shown in fig, 41,

wrww dbraulibrary.org.in

In the triangle AOD O

ALD _ tfn 30
& N r r
AR i = yara = VT

Ko
Since o \° AD+ DE+ EB =10
then (> 1732 +2r + 1-732r = 10

\% S 3464r =10
N r = 10/5-464
£\ = 1-83 in.
AL
N
N 34 The Circle: Length of Belts

O (1) Calculate the length of the belt passing round teo pulleys each
15-in. diameter if the distance between the centre of the pulleys i
4 ft 6 in.

Since the pulleys have equal diameters, the straight sections ?f
the belt are both equal to 4 ft 6 in., and the curved sections will
be semicircles (fig. 42).
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(D) ©

e AL Gin, ————d

Fig. 42 N
Length of straight scctions = 2 x 4 ft 6 in. K \\
=9ft ¢)
% N/
Lengih of curved section =2 x (7%‘-) f )
A\
A &

= .'Ed \
:ﬁry\qsibraulibrary.org.in
=4712in. N
= 3 ft 1143\ "
Total length = 9 ft + 3 &t 11-4in. ()"
=12 ft 11-4in. &)

S 3
N
| 3

(2) Two pulleys, 2 ft and 1 ft.“tinf diameter, are connected by a
crossed belt, the straight sections of whick are at 90° to each other.
Calculate the length of xhi Qék (fig. 43).

e

A
P Q
-4
5"\,:’
R\
NS Fig. 43

)
\\ Since / AOC is a right angle and / XAO and / XCO are each
a right angle (angle between tangent and radius = 1 right angle),
XAOC is a square and A0 and OC are both equal to radius AX.
Length of straight sections

= 2(40 + OB) = 2(1 + 0-75) = 3-5 ft
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Bince AXC is a right angle, length of arc APC is three-quarters
of the circumference of circle,

Tength APC=3nd=§ xm x 1 =236t

Similarly, length of DOB = 87z x 0-75 = 1-77 ft

Total length of belt = 3-5 4 2:36 + 1-77 = 7-63 ft O

(3) Two pulleys 1-ft and 3-ft diameter respectively are conmf?ted

by an open beit, If the distance betueen the centres of the Qolleys is
5 ft, calculate the length of belting (fig. 44). . |

wwrw dbraulibrary.orgli

& :I%‘Ig 44
AC = difference in radii = 1 ft.

By Pythagoras’ Theorem
\'\{‘./ ARt = ACz + CE2
N\ 52=12 4+ CR?
.‘.,';...’ CR2 =24
e CB = /24 = 490 ft
RS cos = § = 02000
\ \. i e = 780 28'
\\Sector angle EGF
AV =360° — (2 x 78°28') = 360° — 156° 56’ = 203° 4
\”\ * Length of arc EGF
203° 4 203-1
= d —_ = -
wd X 360 nx3x-—360 5-32 ft

Sector angle D¥H
= 156° 56
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Length of arc DYIT
1569
DO 137
*1 % 360
Total length
= (2 % 490) + 532 + 1:37 = 1649 &t N\
Oy

(4) If, in Example (3), a crossed belt is used, calculate the leng'i)‘}

of beltmg required (sce fig. 45). ,\\

AC = sump Bt radii = (1 +3) =2
By Pythagoras’ Th‘séx\e:fn

AB@ = AC* + CB®
52 — 22  CB?
'\632~21 CB=+/21 =458t
\i"\ cos f = 2 = 04000
O . 0 = 66° 257
Seetor angle EGF

\> 7 =360° (2 x 66° 25") = 360° — 132° 50" = 227° 10

Length of arc EGF

227° 1t = 3 x 2202 2272 — 5.95 ft
360°

=md x
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72
Length of H¥D
2277100 2272
= =7 = 1' f
7td % 300 M=o 98 fr
Total length N\
= (2 x 4-58} + 594 + 1-98 = 17-08 ft Ay
_—— Nt

35. Graphs from Tables of Values \ )

(1) The speed of a belt over a pulley rotating at, a.?:amtam speed
depends on the diameter of the pulley, the conne.xum being given by

the following table:
12

ww dbraulibfaepeieg (fn.) 2 4 6 .\\,8 10
Speed (ft/miny 73 147 220<' 203 367 440

Plot a graph and from it find Ibe ‘speed of the belt if a 6} in.

diameter pulley is used. R
400k - NP
2 )
\E\BOD r \\
[y e
~ N\
ERE 2
q, 200! '
{IQ"\}. :
p N/ 1
OO |
.“\‘J{' o0 i
~O :
\'. 1
t
H L 1 t 1 —
2 4. 6 8 0 2
Diameter (1n)
Fig. 46

For a 6}-in. diameter pulley, speed = 229 ft/min
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(2) The weight per foot lengih of round iron bar for diameters
between 1 in. and 5 in. are given in the following table. Plot a graph
and from it find the weight of the casting shown in fig. 47(b).

Dia (in.) 1 2 3 4 5
Wt (b} 2:9 117 258 46-8 730

sof :..;\’

’}‘.

~— 60 B
)
<
3
: g 40F

201

7 " .3 4 )
, ‘\f’\ Diameter (in)
pN Fig. 47(a)

From graph (ﬁg) 47 (a))

Weight-per foot length of 43-in. dia bar == 59 1b
("Weight of 1 in. = 4-92 Ib :
K \’%‘ eight per foot length of 33-in. dia bar = 35 Ib
\\, Weight of 3-in. length = 875 1b
Weight per foot length of 24-in. dia bar = 18 1b
\/ Weight of 2-in. length = 3-00 Ib

Weight of 6-in. length of 1-in. dia bar = 1-45 Ib
Total Weight = 492 + 875 + 3-00 — 145
=15221b
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sww.dbraulibrary.org.in

Il

L

*
g
|
]

L
Tin. Dia.
3%in.Dia
37 i Dia =
e 47i0.Di2—e

|
[
[y t\ ®
& '”'\\“;'
5 Ke
l’\".

&

N
'\\.,

Fig. 47(5) {_©
X ;}
36. Co-ordinate(Dimensions

(1} On a sheet of graph pcipg;:{i‘)lot the points whose co-ordinates
are: 4, (3,5) B, (-2,—1) “63{34,2) D, (3,-1)

AN

m Y Exis
:wg\ 5 + A(3.5)
¢ &\J
QD -4
N
M, 3
p |
NE(-4,2)
x;\\w.a-{- -2
O”
I\ . -1
AN -4 -3 -z =i © 1 7 3 4 xaxis
\”/\9/ iy -1 +
8c2-) D(3,-1)
L2
Fig. 48

Two axes are drawn to meet at O. The horizonta! axis is called
the x axis and the vertical axis is ealled the ¥ axis, On the x axis



WORKED EXAMPLES IN WORKSHOP MATHEMATICS 75

units to the right are + and units to the left are —_ On the y axis
units upwards are + and units downwards are —. The distances
which specify the posmon of a point are called its co-ordinates
and they are written in the form (—2,—1) the x co-ordinate being
first and the ¥ co-ordinate second. These co-ordinates represent
the point marked B in fig. 48. O

(2) Five holes are equally spaced round a pilch circle of diameter ¢ oS
10 én. as shown in fig. 49. Caleulate the co-ordinates of the hoies \ N/

% - 4
Y4 ~ON
A £
N
WWWL aullbraly or‘g in

E B\\'

D ) g C
\ ’\F' 49
¢\ 1=
o\
Hole A4, x—O =y5in.

Hole B. 55 cos18° =5 x 0:9511 = 4756 in.
\}Ey—ssmwf* =5 x 0:3090 = 1-545 in.

Hol&?‘ % =15cos 54° =35 x 0-5878 = 2:939in.

Ay Sein 547 = —5 x 0:8000 = — 4045 in.

g NG

~\\Hole D, = — 5 cos 54° = — 2939 in.
¥ = — 5 sin 54° = — 4045 in,
Hole E. x=— 5cos 18°= — 4756 in.

¥ =>5sin18° = 1:545in,
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(3) Calculate the co-ordinates of the points A, B and C in fig. 50.

I\ o
N\
‘f:u\Q 3 ,’\t\
O )
sin__ %% N
A
www.dbraulibrary org.in ,".\\;
5%\
Ly S ,. N/ :___x
3. 50

Q

~
o N
\J

A x=5 cos75°= S”x 0-2588 == 1. 294— in.
yuSsm’ZS‘{ 5 x 09659 = 4-830 in.
Since LCAQ\— 60° /BAD =15°
B, « 7'.1“294 + 5 cos 15° = 1294 4 (5 x 0-9659)
P\ = 1-294 + 4830 = 6-124 in.
Q= 4830 £ 5 sin 15° = 4830 + (5 x 0-2588)
N = 4-830 - 1-294 = 6-124 in.
\ C. Since OAB is a straight line & = 10 cos 75° = 2-588 in.
= 10 sin 75° = 9-660 in.

(4) Four holes are equally spaced round a pitch circle as shown n
fig. 51. Calculate the co-ordinates of the holes.

Hole 4. x=5—4c0s25° =5 — (4 x 0-9063°) == 5 — 36252
= 1-3748 in.
¥ =45in 25° = 4 x 04226 = 1-6004 in. -

w4

,.
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Y

O\
&y
‘¢\.\ o
« \J
O
e— 5in. \V
Fig V64w dbraulibr ary\m g.in
Hole B. x=5 + 4c0s65° =3 +(4-x04226\)-5+16904
= 66904 in.

¥ = 4sin 65° = 4 x 0-9063 =-1 3748 in.

Hole C. w5 + 4 cos 25° = 5 #3252 = 86252 in.
p == —4 5in 25° = — 16904 in.

Hole D, =35 —4-c0365 =% — 1-6904 = 3-3096 in.
¥ = —4sin 65~¥ — 36252 in.

7. Slélar Figures. Similar Solids
(1) ¥ BC i< Barallel 1o XY and AC = 45 in., BC =55 in,

Fig, 52
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AY = 65 in., and AX = 70 in., calculate the lengths of XY and

AB (see fig. 52).
Since BC is parallel to XV A ABC is similar to AAXY and
therefore the ratios of their corresponding sides are equal. \
B_BC _4C
AX XY AY o\
« \/
L AB_55 43 Q
"70 XY 65 K7 3
\~"‘\\'
E _ 45 ’\.}
ww.dbraulibrary org.in XY 65 .,\\.;
Xy =33 X 6307055
50,7 —
Ao L
70 &3
Y45 x 70
B = 4
K o o5 485 in

N

(2) The tgﬂ{:\shown in fig. 53 is filled to L of its height. Cal-
culate the {it}nemion marked x,

D —Bin—

Y A 8
~N 12m. £ D
& N
SR
/ b 157, —— C
Fig. 53
AB =7 in,

AABC is similar to AEDC
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. ED_DC
" 4B BC
ED _3
7 5
ED =42 in, QO
o ox=15—42=108 in. )

7'\

(3) If the ratio of the height of fwo similar cylinders 33‘:7'}5\/ 1,
calculate: (a) the ratio of the radii of their bases; (B) the rghigef their
cross-sectional areas; (c) the ratio of their volumes, .\

(@) ratio of xadii = 7-5/1 www . dbraulibraiye¥g.in

2j.‘,\\.) 5
) . 75524562
(&) .. ratio of cross-sectional areas = (’1& = 1

. '”_: _—
(¢) ratio of volumes = T3P _ 4;2_%

1 R
| —

NOTE. Areas of similar ﬁgjurgs: “are proportional to the squares
of the ratio of corresponding sides.
Volumes of similar soqli‘c'h are proportional to the cubes of the

ratio of corresponding, sides.

(4 Calculate {kg “area of a regular hexagon whose sides are 2.5
times those of,{i Stmilar hexagon of area 6 in*

\X\Rtx fl _2%
QO Ratio of length =
2.5% 625
L) . i = —— = —
~ ) . Ratio of areas I I

QO

. Area of large hexagon = 6 x 623 = 37-5 in.2

(5) Tke ratio of the capacities of two similar tanks is 20 to 1. If
the larger tank is 2 ft long, calculate the length of the smaller.
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Ratio of capacities = 20/ 1

Ratio of lengths = 21—0
=271/1 O\
Length of smaller tank = 22% = 885 in, Oy

38. Areas: Triangles and Quad.nlat‘érals
NOTE. s rule for area of a triangle. . '\ o
Let sides of trangle be @, b and ¢ \%
www dbraulibrary orgin s = Hatb+c) AN
Area = 4/ {5z ~ a)(s -\6}3 - )}
(1) Calculate the area of a tﬂangfe kamng sides 5-3, 65 and 8 in.

s=13 penmete;r’of triangle
m§(55+&-&-i-8)—1x2{]—10m
Area = 4/ {S(.i“-r‘ a)(s — B)(s — ¢)}
= 1/{10% 45 x 35 x 2)

=I 5in,2

(2) Calwlal‘u\hke cross-sectional area of a regular hexagonal bar,
having a dmmgce across the flats of 25 in.

< A p B

25m.

Fig. 54

Referring to fig. 54;
OP is drawn perpendicular to AB L AOB = 60°

L AOP =1/ A0B = 30°
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In AAOP

PO =125 in, )
AP — 125 tan 30° = 1-25 x 0-5774 = 07218 in.
AR = 0-7218 x 2 = 1-4436 in.

Areaof pACGB

=1 x base x altitude = 1 x 14436 x 1:25 = 0-9023 in#

Area of cross-section P

=0:9023 x 6 = 54138 = 5-414 in.? correct to 3 decima{%%‘ee}‘
(3) Calenlate the area of cross-section of an “t?gqﬁm k@ing

sides 145 iz, www.dbra‘l{_l:gl\a{gry,org,m
’\ e

kST,

.

#

.“,&ig. 55

(N\J
In fig, 55 OP is gqri}bndicular to AB

J Acp— 38 _ 450

NN 8
\*2_‘;4013 =1/ AOB = 22° 30’
L 4AP=075in.

AN AP ,

“\.J — = 220 30
“\\ PO tan

N/
Cpoo AP _ U5 _qgitin,
' tan 22° 30' 04142
A_l'ea of AAOP . % » bagse X altitudc = % ¥ 1‘5 x616‘8.112
a of cross-section = 8 x § x 15 x 1-811 = 10-866 1n.
F
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(4) Calculate the dimension x in the trapezium shown in fig. 56 if
the area of cross-section is 35 in,2

Xin. A\
SO\
Sin. :“g\\‘.“.
W
95in, RO
Fig. 56
g \:"\\\
ww.dbraulib.l'arﬁ;.’iﬁagqgtmpezmm =1 % sum of pa}:{lglel sides x altitude
S35 =3 x (954 %)%
35 % 2 o)
=95 L x ANV
5 QO
14 = 9-5.8%
x = 3:54n.

™|
"y *
$

N\
39. Arg?,,}' Circles, Sectors and Segments

NOTES. A s.‘?b(}r of a circle is part of a circle cut off by two radi.
A segment of a cirele is part of a circle cut off by a chord. If this
is smallefthan a semicirele, it is called a minot segment. If it is
Iargqri\thﬁn a semicircle, it is called 2 major segment,

)
' \}Eﬁé’ 57(a) AQBO is 2 sector Q
A\ AQBP is a minor segment,
;"\;; . A / N 8
O ’
Fig. 57(a) Minor

Segment
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Q In fig. 57(b) AQBP is a major
segment.
Major  Fig: 57(8) O
Segmenf: £\ ¢
¢\
A P 8 ’ :;;}\ N

(1) A tube has an outside diameter of 1-800 in. and a walldhich-
ness of 0+25 in, Calculate the cross-sectional area. 0
Inside diamoter = 1-800 — (2 x 0:25) = %300 in.
A o TRORT R X e e
rea of cross-section = r — = ,': %

= 1-8007 —/1:300%)
4 D

- 35(3;;{46' L 1-690)

T
L x 1-550
&

7\

\\w; 1217 in.2
(2) Caleulate theongth of arc and area of a sector of radius 3:5 in.
and sector angle 40> 39",
40239’ = 40-65°
"\ W
Le;%f;h"of arc = 2mr % b where 8 is the sector angle.
':\

360

” o 2xmx35x 40-65 = 248 in.

D 360 —

C )
Ar = % ——
c X 360
40-65 .
.52 = 4-34 in.?
7w x 352 % %0 in
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(3) If the area of asector of a circle of radius 6 in. is to be 45 in.?
calculate the sector angle and the length of the arc of the sector,
If §° is the sector angle, then

T X 62 > —B— =45 O
360 OV
Laxe A\
T O
4N
9=45 X 10ﬂ143‘20 '\“
® P\
= 143° 12/ \4
vw.dbraulibrary.org.in ‘1%{2
Le f = £ 8 ©
ngth of are Zmrx\ 260
DXz x 6 x 1432
o 360

ad
<

JON'=1500 in.

(4) Calculate the ,are:;.é::fa segment which subtends an angle of 56°
at the centre of .a?c}cle of radius 5 in,
)

o
i"\~“
Q
. s"\’."v
\”\ o Fig, 58
(& OI;Si; perpendicular to chord AR and bisects the angle AOB
I8

o AP =< 55in 28° = 5 x 0-4605 = 2-348 in,
© OP=5c0828°=5 % 0-8829 — 4415 in.
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Area of triangle
=1x AB x PO =1} x 4695 x 4415 = 10-36 in.?

56
Area of sect: = — 22 in.?
ea of sector 7t % 52 X 25 12221
Area of segment = 1222 — 10-36 = 1-.82in.2
(5) Calculate the area of the segment shown in fig. 59.
N\

5in. ——a] 4
s\ g
‘ P A
A

wwrd aghbl@ org.in

\O
¥ \
> "N\’
)
'Y o
o\
O “‘3"
oY
Figda9™

By Pythagoras’ Theorem
PO? = 4&%-‘252 =16 — 6:25 = 975
PO, =\Q<9 75 = 3123 in.

Areaof />~ AAOB=}%x5 x 3123 =78lin?

A/

1 RAPO sin £ AOP =27 = 0625
O - £AOP =38 41’

3 'and AAOB 79° 24 = 79-4°
”\”' 79.
Y Area of sector AOB=m x 4* x — 4
360
= 11-10

Ares of segment = 11-10 — 7-81
= 3-29 in.?
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40. Mensuration: Rectangular Blocks, Cylinders

and Prisms
FORMULA
The volume of any solid having constant area of cross-section
= area of cross section x length, e.g. for eylinder |
V = ad®h/4 N\ ¢

where d is the diameter and % the height (or length). : \ ~
(1) Calculate the weight of a cylinder 2.5 in. diametsyand 8 in.
long if it is made of aluminium weighing 0-093 b/ il
7d2h o\ v

Volume of cylinder =

LT X 3% 8
¢ \ 4
(X 625 x 8
. »."" 4
LA\ =3927in,®
Weight &%~ = volume x density
O = 39-27 x 0-093
~ = 3-65 1b
P
(2) Calculatefhe length of rectangular strip 3 x & in. if it is to be
extruded froma cylindrical billet 2 ft 6 in. long and 1 ft diameter.
Yolu&he of cylinder ~mx18x 25
N 4
\“\’ = 1-964 f13
O\ Area of cross-section of strip = } x § = 0-1875 in.?
R\ _ 01875 2
N\ 144 '
N\ Length of strip = 1-964 = %

144
=1 —_—
4 X o157

= 1509 ft

ww.d bl'aulibi‘al'y.org.in
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(3) Calculate the weight per foor length of cylindrical pipe of
outside diameter 3-5 in. and metal thickness 3 tn. if it is made of
steel weighing 0-28 Ib /in®

3:52 275 =
1 = il “ 2 (3.5 . 2.752
Sectional area = 7 x ralmkal 4(3 75%)
=Z(12:25 — 7:56) ¢
4 N
=7 x 469 N
4 7, \
= 3-69 in.? o\
Volume = 369 x 12 = 44:28 in,3/ft lengelt of pipe
Weight — 4428 x 038 x‘.?\{i‘g‘t" gib
— 124 Ib/fe R

(4) Calculate the weight of 50 f¢ of hexagonal bar 125 in. across
the flats if it is made of steel weighing O:28 Ib/in.®

¢ A D B
1, Fig. 60

O\Y
Referming to fig. 60, O is the centre of the bar and OD is
Perpqnhicular to a side AB.
~O" BD = 0625 tan 30° = 0625 x 0-5774 = 0-3609 in.
\J  4B=2x03609 =07218in.

Area of ANAOB =1 x 0-625 x 07218
= (2256 in.2
Area of cross-section = 6 x 0-2256

= 1-3536 in.%
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Volume of 150 ft of bar = 1:3536 x 150 x 12
= 24365 in.®
Weight of bar = 2436-5 x 0-28
= 6822 b A

(5) Find the weight of the casting shown in fig. 61 f it i made Qf
cast iron weighing 0-26 1b/in,?

',.\\ &
' 7y ]'é' in. O
Py . 7%y
[ ) L S | i, S %
lindidd>

B . ™
2in dia \J

Ibraulibrary . org.in r B . .\\.,

N

S £

-

“I AR )

N\
SIHM—L—SmJ
<\ Fig. 61

Volumeo%\gw =6x5x4{=15in?
Volume,o: ase-plate B=1 x 5 x(6+4)><1=125‘m

(1gn(§nﬁg hole)
x,,;Ey.rr:uf: of branch C =g % ;_35. x 11 = 4713 in.?
'® 4
\\\“Volume of D (hole) = "47h

AN ,
P =TXEIX2 571 in
Volume of casting =15 4 12:5 + 4713 — 1-571
= 32:213 — 1-571
. . = 30-642 in.3
Weight of casting = 30-642 x 0-26

=797 1b
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41. Mensuration: Pyramids, Cones and Spheres

FORMULAE

Pyramid. Volume = 1 x area of base x altitude.

Cone.  Volume = % x area of base x altitude (A} = dnrlh,
where 7 is the radius of base.

Curved surface area =z x base radius (r) x slant height (I). (

!, b and r are connected by the formula: e
= h% 12 Y 3
Sphere. Volume = tmd® or frr’ . '\ o

Surface Area = 7d? Or\.\ﬁitﬁ?fdbrauljbrary,ofé,in

where d is the diameter and r the radius. \*:\\'

~ ) ;

(1} A cone has a base diameter of 3 o) and altitude of 4 in.
Caleulate : {a) its volume; (b) the szammgm (c) curved surface area.

N

(@) Volume = }mr2h .C' >
=1mx 152 x4
= 9425 in, &\
{®} By Pythagoras’&[;ﬁéérem
Slant height @) = 4/(1-5% + 4%)

< = 4/(2:25 + 16)
'\~ = 4/1825
"\‘ == 4272 in,
(C) éu\'ved surface area = mrl
‘.\u; =g1-5 x 4272
~\/ = 20+13 in.®

\ (d) Total surface area = curved surface area + area of base.
=20-13 +x x 1:5%
=20-13 + 707
= 27-20 in,?

N
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(2) Caleulate the weight of 1 gross of }-in. diameter ball bearings
if they are made of steel weighing 0-28 Ib/in.?

Volume of sphere = §m3
4 N
Volume of 1 ball bearing =% % 0-125°% :

AN
= 0008179 in2 £
Volume of 1 gross ball bearings = 0-008179 x 144\ .~
=1-178in3 L\
Weight = 1178 x 0-28¢
= 033 153D

ww.dbraulibrary.org.in
A\
42. Areas of Irregula{‘ figures

The arezs of figures which canngbbe easily divided into simple
components such as a rectangle; tiiangle or circle can be found
using the mid-ordinate rule, o\

MID-ORDINATE RULE (fig. 62)

D'ivide the base line ifito a suitable number of equal intervals of
width (d). Usually-6\to 10 intervals are adequate. Measure the
height of the m@;éfdinate of each section, i.e. the height of the

k"—f-"n. b 1ip e 1, —amam 77w h'n.—j
¥ 5in. {
Fig. 62
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section at the middle of the interval. Let these heights be &;, Ay,

kg, etc,
Add together the heights of the mid-ordinates and multiply by

the interval width,

Area =d(by + by + By + By 4 .. ) Q
Find the weight of the irregular-shaped piece of sheet metal shogm\g\'

in fig. 62, if it is made of sheet weighing 45 B/ft.? O
Divide the base line into 5 equal divisions of 1 in. ea¢h:{The

heights of the mid-ordinates of each section are: (¢
By = 137 in. \/
hy = 20 indbraulibraky org.in
hy = 2:00 in, D

By =156 in. NN
by = 087 in. O
Area = 1(137 + 2008200 + 1-56 -+ 087)
= 7802 o3

7-80

o 7 5 % 16
Weight = 730 g5 1 = L0 X 45 x 10,
4

144
(\J =3%o0z

& .~

,\"\ 43 Graphs from Formulae

(1) If Q%p. == 746 watis (W), construct a graph for converting
horse-poter to watts for a range of 0-5 h.p. Use the graph {fig. 63)
to find (a) the equivalent of 1-25 h.p. m watts; (5) the equivalent

1000 watts in h.p.

o 1 h.p. =746 W
2hp =746 x 2= 1492 W
3hop. =746 x 3 =2238 W
4hp. =746 x 4 = 298¢ W
5hop. =746 x 5 =3730 W



4000 |-
3,000
2 )
-:; 4 {.w ’
= 2000} {’E,\ i
LN
/‘\\“
@
1000 A
_ N4
~ww.dbraulibrary.org.in \\'
D
! 1 L } 1 1 —
0 1 2 J 4 5
Hos;s@power
Fig 63
From graph N\
125 hp. =930 W
<Q1060 W =134hp,
5 4(’9
o)
N/
HO% 30t
~AZ ¢
‘Q\\./ d:":
) % 20}
-
S
Fig. 64
= 0F g
1 1 1 I
0 ! 2 3 4

Dia of Bar
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(2) The weight per foot length of steel bar is given by the Jormula
W = 3mod? where d is the diameter in inches.

If o = 0:28, calculate the weight of bars from O to 4~in. diameter
and plot a graph. From it find the weight of 3}-in. diameter bar.

The table of values is:

d 0 05 10 15 20 23 30 35 40 °\°
W 0 066 264 593 10-55 1647 23-71 3220 42{0

We now draw the graph (fig. 64}, A\ &
From graph. For 3}-in. dmmeter bar, weight = 27-31b JB .
44. l.t‘i"ﬁsi.gmlraulil:u'su{y‘,carg,jn
Rules for using indices: (¥
(i) When multiplying, add the 1nd1cgs, e.g.
xSXx3w(xxx)x(x,xxxx)—x5
(if) when dividing, subtract the' Jindices, e.g.
X8 atxj:xxxxxxxx "
x ,,\ £ x ¥

. G
(i) i = 2% by, ru}é for subtracting indices. But a number

dmded by ztsclf is equal to 1, hence
:j\ ~ o0 =1

(ivl«lxﬁ’egaﬁve index means divide, e.g.
) -3 -
N\ &% means X%

{(v) A fractional index means a root, €.g.

x1/3 means the cube root of ,
x%9 means the square of the cube root of
or the cube root of the square of x.
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(1} Write down the values of : (a) 10%; (b) 10-2; (c) 10V3,
(@) 10° = 10 x 10 x 10 = 1000

(B) 10-2=_1_ =_1_=_1_
102 10x10 100 QO
(¢) 10v3 = 10 = 2115 N
- 2\
o 108 . 1020 108
S : 8 5 5 08 ¢ FRe 0
@) Simplify: (@) 10° x 10° % 10% () 1o (c)“ ¥ @
) P PEQB 4 \
(&) a* x a; (f) ;5; (& _;s‘q'*z ‘:‘\
+w.dbraulibrary.org.in (a) 102 x 105 x 1050_7_:’ 1024
108 .\
b — =108 O
®) 155 = 10 O
10¢ :‘s 1
© s 787 = 15
‘10‘5”: .
S
\Q(‘éj at x a=dt
SO 8
2NOT ) =
i"\:?’\w ( ) qus 1,5
v 8 G =4
AN pg P

E'\’ff'. (3) The maximum distance L ft between bearings of a shaft
\"\ %ﬂ}m by L = 8-96d%/ where d is the diameter of the shaft in inches.
/ aiculate L when d = 275 in,
I, =896 x 2.75%3

The calculation is carried out as follows: Look up log 275 and
multiply it by %, add log 896, The antilog of this gives L.
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No. | Log
275 | 04393
2
0-8736
+3 02929
8:96 | 09523 )
1-2452 A
L = antilog 1-2452 = 17-59 ft ~\
_— A/ N\ P |

&
(4} The formula v = ﬁ gives the connexion Goltogen. the cut-

ting speed in ft/min cmd the Life'in’ %t‘?ﬂhfé‘s"‘w ¥eprinds of a
cutting tool. Calenlate v if t = 200 min. \‘

N\ Y

164 O
2001»:

The caleulation is carried out as Tollows: divide log 200 by 7,
subtract from log 164. The ;mﬁiog of this gives ¢.

m‘ﬁ‘o Log

;__.
\\ 200 | 2:3010
+7 | 0:3287

164 | 22148
\% 0-3287

O 18861
.§§’ v = 76:93 ft/min

) 45. Transposition of Formuiae 1
(1) Transpose the foﬂomng formulae: (a) A=LB for B;

)0t = 241 or g5 (01 = 2 for 2@ H = g for .

It is helpful for beginners to insert numbers in place of all the
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symbols except the one to be transposed, this providing a useful
hint for transposing with symbols,

{a) If?.“’l-=6B,thenB—E =4

N\
A
If A< LB, then B = I O
_;;_ o
b) v = 2gh, th = R
(8) o* = 2¢h, theng = 7. RN
(€} Again comparing with a simple equatlon\
15 5
w.dbraulibrary . org. 1r§ z .32 =15 \\% e =3
M \‘ M
If —, th =—
f= 7 en fZ = Mamd 7
BI 3 746 H
d He= 2 -7 = = e
{d) T ..::{ﬁsH Eland I =~
\ ;
2y T th 7 : = N
(2) Transpose he {,@Howmg formulae: (a) V 5715 for p

& =% fa\&f“(ﬁ) 2

~ g7’ S
)V\ 271p 2'7IPV=tandP=ﬁtl_V
Q@i\ C;r( Yo @N=cKand ¢ = i‘%ﬁ
\"\ SRS 1{;, f;’o 2. 12,720H = d%Sp and S = 1_2_:;_2?’_:}1”

(3} The brake horse-power B required to drive a vehicle is given by
TV

= 375, Transpose the forﬁmfa to give T and calculate T when
B= 36: e = (-85 and ¥V = 45,
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TV
375¢
. 375B =TV

_ 375¢B
| 7
When B = 36, ¢ = 085, ¥ = 45 Oy
_ 375085 X 36 _ 5 O
45 '\“g

B=

{4) Transpose the formuia V——— to give b hku!afe its
véhw dbr auhbr{%\org in
valie when V = 330 and d =7,

4 . L)
AV = md?ke S
4 N
.
AT 4330
¢\
N \\& :%2- x7x7
N _4x330
.\;,, " 22x7
{
N 60
& = ——— =% 8-
s%};i\ 7 —_—
N®
"\:u./
Q/ 46. Transposition of Formulae )1

(1) Transpose the formulae: (@) T = t + 460 Jor t;
() H = S + xL for S; (¢} B = H + 4ol for L.

(@) T=1+ 460 s ote=T 460
G



98 WORKED EXAMPLES IN WORKSHOP WATIIEMATICS

(By H= S8+ aL S S=H—zxL
© B=H+4nl . 4nl=B-H "‘I=BT;E
(2) Transpose the formulae: (a) 1 — % = for 4; N\
¥ 5 ,'\'\j“\
@) R+ = Sforr; () C= SF=32)fr . ()
l’s’"
@1~%=n . L-4d=In QO
Leln+Ad S4=L-1In
.dbraulibrary erg.in \
N DER+2=S o aR4r=®” - r=nS—nR
n "}\
() C= g(F -3 -~ 9Ce _G0r — 32)
.afc«— 5F — 160
U5F=9C + 160
< 9C
. F=Z.4132
....i\ g+
O —_—

N
(3) The fmﬁla D= 1—d + 7d is used for wire ropes. Transpose
the formuialo find n and calculate n when D = 1.25 and d = 0-075.

’\5/
& o T
\3 s ¢ v 7d
& " 13D = nd + 914
;\‘;a o nd=13D — 91d
Q~ . ,_13D—o1

d
When D = 1-25, d = 0-075

_ 13 x 125 - 91 x 0075
0-075
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16250 — 6825

075
_ 9-425
0075
- 126 \
== A
A 7 —d - . " "\\“’\'
(4) The formula ¢ = is used in epicyclic trains of gean™ ~
- a \
wheels. Calculate n if k = 0-6, a = 24 and m = 2. '\“g
Transpose the formula to find # e\ v
n—a NV
g == iy dbraulibrarghorg.in
W —a '\ 7

em—ay=n—a \‘
em—ea=n—a (\N
7= em— £a -+ VAN
Whene=06,a=24and m = 2».‘ *
n =06 x2; ~06><24+24
=12 44 + 24
= 252> 144
&4
479 Transposxtlon of Formulae II
vy Trangsta tke fol!owmg formm’ae (@) A=m? for 1o

(b)H WforN (c)T_-—fofL

A
@A - pad e J
N\) 3 wr ¥ - ¥
{ 2938 2938 7938
b H = . * = R " = —_—
() N s HN2=2938 . N 7 N 7
@ T=%2 - 8dT=wl? . L= LLZ A S—f;

Sd o w
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(2) Transpose the following formulae: (a) B = %_R_-"': Jor R;
(b)T=~/ﬁ-1forP(c)x {“(”b)}f or 1,
N
(@) B = ,\/ZRT B 2RT O
3 ~A
3B8%
2 _ . N
| 3B® = 2RT R .1
() T= §—1 .‘.T+1=N/2€":}\
w.dbraulibrary.org.in O
P 2> 2
7= (Z&D: - P=2(T+1)

ot =alFab ol =3t ab
S 3%t —ab

74

I

\'\\.;
(3) The thickness T for the top plate of a semi-elliptical laminated

sprmg i g!'ﬂeu by the formula T = f‘,; i Calculate L when T = 3

{Asooou E = 30,000,000 and d = 4.
’\ T FL®
) 43%d
\'"\ s 43EdT = FL?

4-3E4T
. a =
L .

e (5
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When T = §; F = 60,000; E = 30,000,000 and d = 4

I 4-3 x 30,000,000 x 4 x 3
- 60,000 x 8

/{43 x 30,000
h 4

= 4/3225 = 568 OV

{4) The formula T = 0-2 fd* is connected with shafts under;téi:}-
sion. Transpose the formula to find d and calculate d when T=50,000
and f== 8000, o ¢

T = 0-2fd o
T www dbraulibraryerg i
R . . ibraryerg.in
0-2f ’x:a\k"

. d= /i/(i) ’.::3\\
0-2f/ 0

If T = 50,000 and f = 8000 o3°

X

PRy 350,000
~ A2 x 8000

K :/50,000
N\
N \ = 3125
&~ =3B
\Y 48. Moments of Forces

The m'th\‘nent of a force measures its turning effect and it is ob-
tainédl by multiplying the force by its perpendicular distance from
'"\ifls:pivot or fulcrum.

(1) In fig. 65 AB represents a rod, whose weight we can ignore,
balancing about a pivot at F. Find the weight W and the force at the
pivot. :

Anticlockwise moment about F (i.e. the moment tending to
turn the rod in an anticlockwise direction) = 14 x 2= 28 1b ft,



162 WORKED EXAMPLES IN WORKSHOP MATHEMATICS

£
A 2ft | 1t —-fB
o
Y
1416 w A
Fig. 65

Clockwise moment abont F=Wx1bft )

If the rod balances the two moments are eql{al,;}hat is,
Wx1=28

W=28Ib 2
"The force at the pivot supports the total loadi‘#\ 28 + 14=421b
P Ppo
-+ dbraulib ra-@] U{@{ fig. 66 calculate the value of W gf\tbe rod 15 fo balance.
’ x'\ o

A l-:———J'OI.n,———--?.._G :':-{_%:.12 n — 3

r A \ ) Jr l

187 & e W
‘:':". Fig. 66
Anticlockwise mofffert about F = 18 x 10 = 180 Ib in.
Clockwise momient = (7 x 6) + (W x 18)
N\ =42 3+ 18 W 1b in.
The rod .I)a}gmces if 180=42 + 18 W
\& 18 W =180 — 42
:..\x..’ = 138
' M

W=138/18 = 73 Ib
CENTRE OF GRAVITY

\Bach particle of an object is attracted towards the centre of the

“\ earthand we can find 2 point about which the sum of the moments

"/ of the attractions will balance, This point is called the centre og
gravity of the object. Sometimes it is obvious where the centre O

gravity is, e.g. for a uniform rod the centre of gravity is at its mid

point; for a uniform circular disc the centre of gravity is at the
centre,
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(3) A tapering pole AB weighing 30 Ib is 10 ft long and its centre

of gravity is 4 ft from A. If the pole is bymg horizontally on the
ground what vertical force must be apphed at B io lift the end?

AP
O£t
~— 4 fi—w(}
A B
3016 O

%

Fig. 67
Let P be the force needed to lift the rod. If the end l{is’,’}ifted
then the pole will pivot about A (fig. 67).
Taking moments about 4 www.dbraulibragy\org.in
M x4=Px10 57
P=121b SN

{(4) 4 uniform girder AB 30 ft long w’eigj‘w’QOO b, It is supported
4 ft from A and 8 ft from B. What isthe thrust on each support?
The 900 1b can be supposed tgibe concentrated at D the mid

point of the rod (fg. 68). .
’\ a
ﬁf' =
Aﬁ:’ff 3 g
20 00016
O Fig. 68
(%}

Here W\’.Sl\yiire two unknown forces. By taking moments about
th_e poiitvof application of one of these forces, say I, we can
elimifiate Q because the moment of Q about D is zero.
~\j?ake moments about D,

A Px18=0900x7
p=20%7 _3501b
18 —_—
Since P + Q = 900
Q =900 — 350 = 550 b
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N

\‘:
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49. Resolution of Forces

(1) A trolley is pulled along by a rope inclined at an angle of 4°
with the horizontal. If the pull on the rope is 100 B, what is the
korizontal force pulling the trolley along and what is the force tendigg,
to lift the trolley? If the trolley weighs 150 1 what is the regciion

between the trolley and the ground? ' \ \))
P < }‘~
00! P
=\
409 \%

Fig. 69 ’x:\\“

The effective force pulling the tmii%r\along is the resolved part
of the 100 Ib in a horizontal direétién which s (sec fig. 69):
100 gaggiéa =766 1b
The resolved part of the'100 b vertically, i.c.
(100 sin 40° = 64-3 1h,

is tending to H!%ﬁé'troﬂey off the ground. Because of this upward
force, the ground does not have t0 support the whole weight of
the trolley,but only 150 — 643 = 85.7 Ib which is thus the
reactiop\: Between the trolley and ground,

Qi\A tangential force of 220 Ib and an inward force of 60 Ib are
. w'}tdred when cutling a given Diece of work, Calculate the vesultant

Jaorce and the angle it makes gith the tangeniial force.

. R Y60/

22016
Fig. 70
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The resultant force R is given by the diagonal of the rectangle
whose sides represent the two given forces {see fig. 70).
By Pythagoras’ Theorem
R2 = 220% + 602
= 48,400 + 3600
= 52,000
R = +/52,000 ¢
=2281b : )
If o is the angle it makes with the tangential force then N
60 D
=__ =02728 S\
tap & = o0 0-272 O

o = lsw\rgi.d braulibrgg}org_m

7

(3) An engine weighing 200 Ib is lifted by a‘a‘}ne. The lifting wire
sling is attached symmetrically to the en ine'at points 2 fi apart, and
to the crane kook. If each half slting is 3ftJong find the tension in each
wire (see fig. 71). AN

~Since the sling is arranged symmetrically the loads in each half
part of one tension

sling are equal to, say T lb. The resolved
vertically = T sinf. :
But the resolved parts of both tensions support the 200 b

< 2 Psinf =200, or T = 2 b
sin @
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We now have to caleulate sin 8. From the triangle BDC, by
Pythagoras’ Theorem,

CD? = CB® — pp*

=32..12=38 N
CD = 2:8284 \
Ke
sinf = %g — 28284 _ o oung )
100 AN 3
=~ 1061 1b ./
goazs ~ 1861 1b (¢

() A shaft is supported on two bearings Hand B 10 Jt apart.
dbraulik lgﬁfgl:%g-perﬁml load of 200 16 4 ft frqmél' and q horizontal force
' of 100 b at the middle point of theshaft. Calculate the magnitude

and direction of the resuitant Jorce atting on the pivot A (see fig. 72).
p Qv 5076
[ — oft—g—4 &
A st ~ 8 o) N
200/b ]
¢\ ¢
K @) Farce&staic ing &
O Fig. 72

Due tO:]S}lé horizontal load of 100 b at the middle point, there
will béhorizontal loads of 50 Ib ecach at the pivots A and B.

) e vertical reaction at 4 is P Ib, then by taking moments
about B
.~\”~':; 10P =200 x 6
\'\ P=120

At 4 by Pythagoras’ Theorem
R* = 502 1 1202
= 2500 4 14,400
= 16,900
R =4/16,900 = 130 1b

—
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If § is the angle that the resultant makes with the horizontal
120

tanf = ——_ =24
Y= %0
§ = 67° 23", A
e N
5o. Stress O

(1) A steel brake-rod is & in. in diameter. If there is a tensilé Toad
of 4,000 I in the rod, calculate the stress in tonsfin® O
The cross-sectional area of rod =7z X 3 X (3)? s \

A E TN
.dbraulibr; O .
Stress = I?a_d = ﬂ]ﬁ ]bﬁn,2 < “ e
area 0110 DAY,
4000, “;ons/in.z

= ———a N

2240 x 0410

= 16:2:%ons /in.?

-~ ¥

(2) A steel rod has to catriiar load of 5 fons. If the maximum per-

missible stress is 16 tms%ﬁx.éakufate a digmeter suitable for therod.

The minimum cgbgs-Sectional area Necessary to support load

= _156_ iﬂ.2 4 ~,;..
I d is the c}i\aix}\efer of the rod then
i'\’:. 22 42 b
O 7 <77
Q 7 4 16
Ciﬁs@ multiplying
\' 2 w16 xd2=5%x7x4
5x7x4
w2 T 20398
& 22 x 16 ?

d = 4/0:398 = 0-631 in.

littie more than § in. and con-

The diameter required is a
larger than this should be used.

sequently the next available size
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(3) The force required to shear a bar 13 in. x £ in. i 23 tons.
Calculate the shear strength of the material.

Cross-sectional area of bar = 1§ x §

7.5 35, ,
33T R \
Shear strength = load _ 23 = 35 ()

area 32 ' O
=23 x % =21 tons/iﬁfi
 {4) Calculate the force required in Ib o punch a hole § in. in
.w,dbrauhbm-‘fhmugh a plate & in. thick if\the shear strength of the
material is 25,000 Ib/in.? K2

Area of metal to be sheared

= circumferenc;f;.df“ﬁole % thickness
—2—2><z)e"'?;"’=3—3in2
7 T8NTe 64
Since shear stre%‘; force
() area
% force = shear stress x area.
O 33
1 = 25,000 x = 12,900 Ib
\\ ’ 5%. Work, Power and Efficiency

O\ (1) A4 load of 1 ton is raised by a crane at the rale of 5 ft/sec.
% Caleulate the horse-power required.
2\ Y

{ \™ Work done per sec = force x distance = 2240 x 5 ft Ib.
1 h.p. = 33,000 ft Ib/min = 550 ft b/sec.

Hence h.p. requited = %z.io.x_s
550

(2) A planing machine has a siroke of 20 ft. The average for ce for

= 20-4.
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the cutting stroke is 1100 Ib and the stroke takes 4 sec. The resistance
during the return stroke is 350 Ib, the stroke taking 13 sec. Caleulate:
(a) the average h.p. used tn the culting stroke; (B) the average h.p.
used in the return siroke.

(2) Work done driving the cutting stroke = 1100 x 20 ft 1b

Work done per sec. = 1-@;1_1@ ne
5500 ftTb |
Since 1 h.p. = 550 ft Ib/sec O3
5500 R4S

h.p. ired=—=10
P. TEQUIrE w50~ 8

(6} Work done during returl‘lmr ;&tr:%lglebi—?%lgﬁr%?@?ﬂ%ﬁn
Work done per sec = 350 x 20 + 13 & ¢
- 30X 20 XX 4000 fe b

Therefore h.p. required = 150—-5{:;)%“2_@

(3) The cutting resistance, of w lathe tool is 210 Ib and the average
diameter of the work is 4 id. {f it is revolving at 220 rev/min calculate
the work done per mininft b and the h.p. required.

The effective distance moved by the force

NE= 4z in. frev
O == 4w x 220 = 880 in. /min

- ,ﬁfmic done per min = force x distance
VvV =%7_%x-2~§9x210=48,400ft1b
Since 1 h.p. = 33,000 fe Ib/min
then h.p. required = To0) - 147

33000 —

)¢

Q)
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(4) A4 load of 480 Ib is raised by means of a pulley system whose
velocity ratio is 6. If the efficiency is 80 per cent, what force i
required?

If F1b is the required force, work done by this force in moving\
6 ftis 6 F ft1b. \
The useful work done is to raise 480 1b 1 ft, that is, 480 f;\ ib..

_ Useful work ¢ \

N/

Effici =_— "

ST = Work put in A\

480 O
~5F x 100 per c?}}f\\.

d braulib!?yrtyafglggﬂ.‘il%mncy 1s 80 per cent

A\
430 O
then F 100 ==~§0
S 480 x 100 = 80 46 F
F a0 x 100 _ o0
LN 80 x 6 E—
A 52. Torque
PR A
Torque is foiﬁ;‘x? radius
Wark don:e,l?e revolution = 2z x radius x force

=27 X torque

¢/
{1 ‘g‘bf«”fﬂfque on a shaft is A2 Ib in, Calculate the work done in

Jt If% w revolutions of the shaft,
Q& W . _ 42
) ork done in 1 revolution = 25 x = ft Ib
AN 12
\»\ W Work done in 50 revolutions — 2 x %% % % x 50
= 1100 ft Ib

(2} 4 wheel s fixed with 6 $-in. diameter bolis on a pitch circle
of diamster 12 in, If the maximum permissible shear stress in the
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Bolts is 15 fons/in.2, what is the maximum torque that the wheel can
transmit?

Cross-sectional area of one belt = 27—2 % 1 % (#)%in.2
22 ‘"\
Maximum load bolt can withstand == xEx(@?x15x2240
2\
7425 O
=™ 1 W
2 N\
Maximum load that 6 bolts can withstand w'\'ﬁ
=6 x 7—-&«425 wﬂﬂﬁ%l&ral'y_org’fin
2 x.\\,}

Maximum torque that wheel can transmit.\ ™

"4

6 O
= 22,275 x — hft”
22, x 12 ”]?:: > Y

— 11,1375 it
(3) A lathe spindle s dri @by a 13-h.p. motor at 100 rev/min.
If the diameter of the work '8 in., what s the maximum tangential
force that can be applied®
If T'1b ft is the foque then work done per min =2rT x 100.
But since h.p. Js14, then work done per min = 1} x 33,000.

# /

> 22 3
Thus. (N 2 x 2% x T x 100 = 33,000 x >
N 7 2
O 2% 22 % T x 100 =7 x 33,000 x 3
~O p_7x33000x3 315

QO

T ZIx2x100 4
If F1b is the tangential force, then torque

4
= — b ft
Fxl2
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315
F= —
i 4
Fe 3 x 315 — %5_
4 4 A\
= 236} 1b

L\
{(4) The tension on the driving side of a pulley belt is 20Q % arid on
the slack side 110 b. If the diameter of the driving pulleyis 13 ftand
it is rotating at 250 rev/min, calculate the h.p. transmtited.
The radjus of the pulley is Z ft, ,"x,\\'
Hence torque transmitted = 200 x  — {10 % §
X o =90 x Z1
raulibrary.org.in 2
Work done per min = (90 x Z x:2%) x 250
Horse-power =90 x § X 2% 22 x 250/33,000
= éi c.’ :':.
N 53 Friction
(4 kors'zonta{f&ce of 8 Ib is required to move a block wef:ghin;f
30 & resting on d hotizontal table, What force would be required if
@ load of 28 b were placed on the block?

O - k
Coeffitigat of friction — force required to move bloc
N normal reaction
% § 4
& REE
33" I aload of 28 Ib is put on the block the normal reaction is
) 30 + 28 = 58 Ib.
Force required to move block is
coefl. of friction x normal reaction

=—x38=1551b

H _
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(2) A brake-shoe presses against a brake-drum of diameter 15 in.
with a force of 240 Ib. If the coefficient of friction between the lining
and the drum is 0-35 calculate the braking torgue.

' Frictional force tangential to drum = 240 x 0-35
=841

Braking torque = force x radius

(O
u84x1§5-=6301bin. O

&

0”:
< 3

(3) The dyiving and driven members of a friction cIuth:;ikaﬂe a
single belt of coniact the mean radius of which is 8 in, The'coefficient
of friction on both sides of the belt is 0+15. If the plates are pushed
together with a force of 200 I wﬁ%}{qm&gﬂqﬂﬁ{l@&%@nﬂ ansmit?

The frictional force on each side of the belt
=200 x 0-15 =30 b

Since there arc two sides of the h{!l%dnd the 30 Ib force is dis-
tributed round a circle of radiug Sm,

torque = 2 5"30 x 8 = 480 Ib in.
. ii 3

(4) The table of a plaging machine together with a casting weighs
15 cwt and there i @ydownward cutling pressure of 220 1b. If the
average speed afsthemachine is 30 ft/min wohile it 15 cutting, calculate
the average hotse-power vequired to overcome friction af the table
slides, the coefficient of friction being 0-1.

Total downward thrust = (15 x 112) + 220

\} = 1680 + 220
= 1900 Ib

N\ Frictional force to be overcome = 1900 x 01 = 190 Ib.
Work done per minute to overcome frictional forces = 190 x 30

190 x 30
H - 1 == =017
orse-power required 33,000

..\':.

e

H
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54- Expansion. Specific Heat

NOTE. Increase in the length of a solid when heated (i.c. its
expansion) is equal to the original length of the solid x rise in
temperature X coefficient of expansion, )

Coefficient of expansion of steel  0-0000063 per °F. N

Coeflicient of expansion of copper 0-0000088 per °F. A\

(1) What is the increase in: (a) the diameter; (b) &he" circum-
ference of a sieel ring whose diameter is 3 in. at 40 F 1f the tem-
perature is rased 250° F? e \

Rise in temperature = 250° — 40° = 210"

(a) Expansion in diameter = 3 x 210 300000063

lbraulibrary.org.in = m&\ g

{9) Original length of circumfergn})e =3min.

Expansion in circumference 3g\210 x 0-0000063

= 0:8125 in.
» .’,_._

(2) A copper bar, whote\original length at 20° F was 85 in.,
lengthens by 0-135 whensthe temperature is raised to 200° F. Cal-
culate the coefficientgf expansion of copper.

Rise in tempetature = 200° — 20° = 180° F.

Coefﬁcienl;h'\expansion - neEesein k.mgth
A original length x rise in temperature
o) 0135
R M T 85 x 180
A\ = 00000088

.~.’j"' 3) 4 .bar of copper is 150-000 in, long and a bar of steel
O 150054 in. fomg at 60° F. The bars are heated so that their tempera-
/ tures remain equal, At what temperature will the bars be the same

length?

Let T be the rise in temperature. For every 1° rise in tem-

perature, the difference in lengths of the bars will decrease by
150 x (0-0000088 — 0-0000063)
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= 150 x 0-0000025 = 0-000375 in.
150054 — 150000 0-054
T 0000375 0-000375
Hence, required temperature = 144° 4 60° = 204° F

= 144

Q"
NOTES. A British Thermal Unit {(B.t.u.) is the quantity of heat

required to raisc the temperature of 1 Ib of water 1° F. )
A Centigrade Heat Unit (C.h.u.) is the quantity of heat requxre&‘

to raise the temperature of 1 Ib of water 1° C. N
Specific heat fa,

_ heat required to raise temperature of 1 [b of a subsﬁnce 1°
"~ heat required to raise the temperature of 1 lb of water 1°

4) 4 copper bar of rectangu“far sectbzro?zué] ?rlz \gy\ll gzm 4 ft long,
Calculate the number of heat units requived $o'raise its temperature
by 400° F assuming that copper wezgfw 0 -3216/in.® and the specific
heat of copper = (-(095. oy

Volume of copper = 2 x 14 x FENS 144 in,¥

Weight of copper = 144 X 0‘32’ 46-08 1b.

74\

Heat units required
= weight x rise(ih temperature x specific heat
= 46-08 x_400'% 0-095
= 1750 B.t Y,

(5) An oile ;{ﬁred Sfurnace raises the temperature of aluminitm
castings wezg{uag 800 Ib by 400° C in an hour, the @eaﬁc heat of
aluminiump being 0-21. If the furnace uses 40 Ib of oil in the hour and
each [h\gives 18,000 B.t.u. when burnt, calculate the thermal
Eﬁc:'gnéy of the furnace,

\Smce the quantity of heat is measured in B.t.u., the tempera-

\ure rise must be converted to degrees Fahrenheit.

Nowariseof 5°C=0°F

400 % 9

a rise of 400° C = =720°F




116 WORKED EXAMPLES IN WORKSHOF MATHEMATICS

Quantity of heat taken up by the castings
=300 x 720 x 0-21 B.t.u.
Quantity of heat produced by combustion of the oil
= 40 x 18,000 B.t.u.
Hence thermal efficiency of the furnace
_ heat taken up by the castings O\
" heat supplied by the combustion of the o\
_ 800 720 x 021 .
40 x 18,000 2
(6) A piece of steel bar weighing 15 b was'%&\\ken Jrom a furnace
and plunged into an ofl bath containing 100"of oil at 60 F. If the

= 0-168 or 16-8 per.cent

dbraulibrarspentfiakeat of steel is 115 and that of Gi0-4, find the temperature

of the steel when taken from the Jurnaeeif the final temperature of the
ol was 90° F.

If T°F was the temperature\of the steel when taken from t_he
furnace then the fall in temperature is (7 ~ 90)° F, then quantity
of heat lost by the steel & (7 — 90) x 15 x 0-115,

Rise in temperatyre 'of the oil = 90 — 60 = 30° F, therefcre
quantity of heat gained by the oil = 30 x 100 x 0-4. .

Since the heat o8t by the steel equals the heat gained by the oil

(T90) x 15 x 0115 = 30 x 100 x 0-4
30 x 100 x G4 _ ¢o6
15 x 0-115
~C T = 90 + 696 = 786° F

Miscellaneous Examples

<" T—9) =

(1) A non-ferrous alloy A consists of copper and zinc only, and
10-5 1 of this alloy contains 7-35 Ib of copper. Determine the per-
centage composition of this alloy by weight.

What additions must be made to0 15 cw of alloy A 1o produce 1 ton
of an alloy B containing 58 per cent of copper, 40 per cent of zinc and
2 per cent of tin?
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Percentage of copper in alloy A = % x 100 = 70, Hence

percentage of zine = 30,
Tn 15 cwt of alloy 4 there is 15 x % — 105 ewt of copper and

thus 15 — 10-5 = 4-5 cwt of zinc.

For alloy B 20 cwt contains 58 per cent of copper ¢ \:.\’
. 20 x 58 ' O
Weight of copper = - = 11-6 cwt A
100 N
Also 20 cwi contains 40 per cent zinc. \\

0><4(}_Socwt

Hence, weight of tin = 20 —\flcibéaUIgj N Fowm
Qualities to be added to 15 cwt of alioy A are:
Copper 116 — 10-5 = 21 ewt =,2352 1b

Zine 80— 45=35 th»;MSOIb

Tin 04— 0 = 0 4 cwt 44-8 1b

Weight of zinc = 2

(2) Cast iron wezghs D 26 /.5, cast aluminium weighs
0-093 1/in.® An iron casting consists of a disc 10 in. in diameter and
$ in. thick, cored wx% hole 4 i1, in diameter. Find: (a) the actual
saving in weight; (B) the percentage saving in weight if aluminium
s used instead g' wast fron. (Take 7 as 3+.)

Cross-ge&\ional area of casting E x 102 ~ E X 42

N/

A
Q - 23' 1(100 —16)

vV u%xix84=66in.3
Volume of casting = 66 x % = 49-3 in.?
Weight of iron casting = 495 x 026 = 1287 1b
Weight of aluminium casting = 49-5 x 0-093 = 460 Ib
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(a) Saving in weight = 12-87 — 460 = 827 Ib
827 x 100

b) P ta ing i ight = — "7 — 64
(b) Percentage saving in weig 1757 6t

(3} When a rectangular steel bar is simply supported over a sp
of L in. the depth of the bar being D in. and width B in. the safe
distributed load W Ibfin. that can be carried is given by (O

KBp* O
W= _L_2, ) ’:}‘ N/

It is known that when B = 1in., D = 2 in. and L% ft, W can be

80 Bbfin.: (a) rearrange the formula to give K-ipr-derms of the other

symbols; (b) determine K, giving both its nimerical value and the
tbraulib unit in whick it i stated; (c) determine W, x;ﬁtﬁe same bar is used but

PRVt ]Qtlz'é% gown, so that B =2 in. and IX=1 in.
KBD* AV
@ W=
WL:=KBD* %

BD® o
() IfB=1, DER'L =12 and W = 80 then

o 80 x 12 x12
Ix2x2

= 2880 Ib/in.?

Ib/in. x in. x in.

A</
For, ; its =" mn 2
( orq{m K in. x in. x in. b/in. )

£\N
AN\ 2880 BD2
R\ W=
\\ IfB=2D=1,L=12then
\/ w2880 x2x1

= W = 4 lb/ln.

(4) 4 gallon of water weighs 10 1b. A cubic foot of water eweighs
623 b. A tank of dimensions shown in fig. 73 contains water to within
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1 in. of the top. How much water does it contain in gallons? Give your
answer correct to three significant figures.,

407 -

A ’%‘»

\\(,430:}?.

Fig. 73 LY
If water is 9 in. deep then dimensions of surface'of water are
3%9in. x 12in, www . dbr auhbral,'_y\\yrg in
Area of trapezium {cross-section) = —-( 39 \30) 2 269 .
Volume of water = 12 x X 69
12 x 9 x 69
T2 %2 x 12 x 2
6% 38

Weight of wager @ x 62:5 1b

.\“. .
VolurQ:‘Qf Water = %&ﬁg
\ 13.5 gal

-~ “\5) In the mechanism shown in fig. 74(a) the slider moves hori-
Nzontally in the guides and the travel of the link is limited by a fixed
peg. The diagram shows the slider as far to the left as it can travel:
(a) for this position determine by calculation the distance x; (B) how
much can the skider move to the right before it is stopped by the action
of the other end of the slot contacting the fixed peg?
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2. Gurdes

Slider
(a)
Fig. 74

o

In fig. 74() the slider is represented by, b § a'nd the fixed peg
by B.
d““m““%ﬁ%ﬁrﬁm@myTmmanABhrﬁﬁ+V=1@
AB= 4/169 =13
(3= 15- 4B
s."'" =15-13=2in.
{&) The second posutlon 18 Shown as BD and AD =y is dis-
tance travelled.
In the triangle BCD, BC = 12 in., BD = 15 in.
By Pythagoras’ Theorem
\\ CD% =152 — 122 = 81

“: 5 CD=9
) y=CD—-5=9-35
:t\’w’ =4 in,

\{é.)}betermine by calculation: (a) the angle A; (b) the length CD;
. ‘z(sc'}the angle B of the template shown in fig. 75.
/%" The points M and P have been added to the diagram given it
"\ the question,
N\ (@) In the triangle CMD, MD =} x 156 = 0:78

|
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(&) By Pythagoras’ Theorem AS )
D = MD? 4+ CM? \
2 gygtbraylghmaryeid.in
= 0-6084 + L6816
= 1-6900 £ :: v
CD = 4/1-69 S\1-3 in.

(c) In the triangle CPD; CR20'5, CD = 13
cP* 05
in B =t = 22 2 03846
st B..,QSD 13

&«B'= 22° 37
(7) The following table gives the weight of steel tube W in B/ft
run, for tube ¢f constant outside diameter 3 in., having various wall
thicknesses Pin. Plot these values.
. \$~
A 01 0-2 0-3 04 0-5
AN ib/fe 316 591 8:55 10-9 132

~ “Blot T horizontally, to a scale of 1 in, = 0-1 in. and W vertically,
to a scale of 1 in. == 2 Ib/ft. Draw a smooth curve through the
points.
Using your graph, determine the inside diameter of 2 tube of
outside diameter 3 in. weighing 7-26 1b/ft run.
From the graph the inside diameter required = 0-243 in.
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@ff a band is wrapped round a disc and 1} in. allowed to over-
dap; the length L (in.) of the band is given by the formula:
AN

<>v L=zD+15

where D is the diameter of the disc in inches. Construct a graph that
can be used to determine the values of L for values of D from 5 .
2o 10 i,

From your graph, determine the value of D when L is 24 in.
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The table of values is first constructed for L = 5, 6, 7, 8, 9, 10.

eg. when D=7 L=7x314+15
=235
The complete table of values is A
Din, 5 6 7 8 9 0 .
Lin. 172 2003 235 266 298 329 (\J)
O
351 \Ql

20r

20

.

V4 -

&

The gra h,}s found to be straight line and the value of D when
L=24 l&taad off as indicated in fig. 77 and found to be 7-17 in.

(9). Zf the chain shown in fig. 78 is used to lift a load of 13 tons,
detetmine: (a) the maximum tensile stress in the side plates; (b) the
\”\?‘lf.’Mng stress in the pin.

(@) Maximum tensile stress in side plates will be where the
width is a minimum. Cross-sectional area of one plate at this place
=} x 1 =} in.2 Each plate carrles 1 x 1} = § ton,

Maxxmum tensile stress = § + } = 1 x 4 =3 tons/in.®
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’3‘ in. Dia Pins

—
O\
1 o] f:\:\'
pia K\
Lotk
dbraulibrary org.in (@ (bj\ 7
Fig. 78~
(5) Cross-sectional area of}qigj ;;I-E x (§)?
\\ 2 1 9
R =" xSl x —=0110in.2
g 7 4 64

Load in each side{plate = 075 ton. Since the bolt is in double
shear, the shearo\kt;’ess is

X 075
> 2 x 0110
Ko = 34 tons/in.2

(195 Fig. 79 shows a tie rod subjected to a tensile load of 2%
) Qﬁ“ (a) determine the tensile stressin the shank; (b) determine the
_\average compressive siress over the underside of the head; (c) make a

. ;“\;" sketch to indicate the surface across which there is shearing stress i
\\ " the head, and calculate the average value of this stress. (You may

assume 1. 0-32.}
7

() Cross-sectional area of shank = = x 1 in.2
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— | K

é——b-z%?cn
‘?_

[ 2 fn,——1
linDra

: Area of Shear O\
z Surface of R \J)
Cylinder Height Tin-
Diameter Iin. Ao
<N
Fig. 79 N
'\ﬁ.

Tensile stress in shank = 25 =+ ©
www.dbraulibray&kﬁg_in
=25 x f N
NS,
=10 x Q32"
= 32 toms in.®

(%) Area of compression 61;:ilead =; x 22 -g x 1%

S

S\ 4
®

Compressivé’};ff;ass =25 Sz, 2'53::

4

o . .
(¢} Ared-across which there is a shearing force in head is

—_ i 2
Q ax1x1=gmin.

N,

"\iS’I:wa.r stress = Z3_ 2:5 x 0-32 = 0-8 tons/in.®

4 _ 11 ton/in.

2\

A\ b

) 2

(13) A certain planing machine can be assumed to have an
efficiency of 80 per cent when the input is 2% horse-pozwer. Under
certain conditions the load due to cutting is 2200 b, The frictional
Ioad is 1100 Ib irrespective of the direction of the siroke. Determine
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the maxtmum speed of the table: (a) on the cutting siroke; (b) on
the return stroke.

Output of machine = 21 x 33,000 x 80
100
= 66,000 ft Ib/min N\
(a) Total force required in cutting stroke = 2200 + 110]1\
= 3300 Ib &

. 66,000 Oy
d of cutting stroke = —— = In A
Bpeed of cutting stroke 3300 20 ft/min R \
(8) Force required on return stroke = 110{1..1#"

66,000 v
r.d braulibl'arg'?&?g i?\f return stroke = 1100 =6_:{')ét”/@

2%
W

(12) During the tapping of a S-insWhitworth hole, having 11 1.p.4.,
it 15 found necessary to apply fqr}:e.i each of 14 Ib weight at the
ends of a double-ended tap wrench of 18 in. overall length. If the
tap is screwed steadily down\By the continued application of such
14-1b forces, calculate: (@) the turning movement exerted on the
tap; (b) the work dape in tapping a ome-inch length of thread
{asstime 7t = g-%) )

7. \~.

(@) Turning movement exerted on the tap = force x distance
betweenfatees = 14 x 1§ =21 1b ft.

{b) A¥otk done in one rotation of wrench
\\‘ == 27 X torque
= 27 x 21 = 42 ft Ib

\.f’ * Number of revolutions of wrench required to tap a 1-in. length
. of thread is 11,
/ .. Work done in tapping 1-in. length of thread
w= 42 % 27—2 x 11

= 1452 ft Ib
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(13} A collar and shaft are made of the same material, having a
coefficient of lincar expansion of 0-000006 per °F. At voom tempera-
ture of 60° F., the shaft is 5-006 in. diameter and the collar is 5-000 .
diameter. The collar is now heated 1o 460° F.: (a} what is the
diametral clearance if the collar s now put on the shafs; (b) assuming
that the shaft remains at 60° F. while the collar cools, at what tem- + <N
perature will the collar first make contact all round the shaft? A

oA\
{z) Rise in temperature = 460° — 60° = 400° F. O
Increase in diameter of collar = 5-000 x 400 x 0- 000[306«
= {-012 in.

.'\‘
New diameter of collar = 5 + 0012 = 3012 {n\
Diametral clearance = é&%ﬁél@%rﬁ .

{) The collar will be in contact all roun&the shaft when it has
contracted 0-006 in., that is, when thetemperature has fallen by
200° F, Thus, the requu-cd temperature ‘of the collar is 260° F

(14) In a heat-treatment skap lia:ckes of work are quencked at
*egular intervals. The heat givento the Hquid in the quenching tanks
is carried away by an independent water circulation, the rate of flow
being 720 Ib/hr. Thisuoling water enters at 60° F. and leaves
100° F., the actual erature of the guenching liquid remaining at
about 120° F. It mny be assumed that 80 per cent of the heat given up
by the baiches 1: carried away by the circulating water: (a) what
amount of keat tn B.tu. /min is carried away by the cooling water?
(5) how often are batches of work each weighing 9 Ib and of specific
heat 0‘1{1 ‘being quenched from 1320° F.2

(a} Rme in temperature of cooling water = 100° — 60° = 40° F.
_(“Flow of water = 720 1b/hr = 12 Ib/min.
\ ) “Quantity of heat cartied away by cooling water

=40 x 12 = 480 B.t.u./min

() Quantity of heat carried away by cooling water is 80 per
cent of heat given up by batches.
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. heat given by batches = 4i0§%~@

= 600 B.t.u./min '
Fall in temperature of the batches = 1320° — 120° = 1200° F.

Quantity of heat lost in quenching one batch
= 1200 x 0-111 x 9 = 1200 B.t.u. (approx.)
1200 &
Hence, a batch is quenched every = 2 min :\”E.\ )

A

!
2’
o
RS
o
«°
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> 7
TO THE 'I}EADER

{braulibrary.org.in

Auther and publisher woul@f;g}'elcome suggestions towards future
editions of this book, opElie pointing out of any misprint, ob-

scurity or questionabl§‘answer, Please write to The Editor,
Cleaver-Hume Prest\ltd, 31 Wright's Lane, London W8.
,\
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