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Jin YOSHIMURA and Fukuji HAMAYOSHI
(Received July 14, 1958)

Synopsis

This paper gives the exaet solutions of the period of the free
lateral vibration of various types of beams, which are loaded by a
concentrated load and a full uniform load, simultaneously, and also
shows the tables from which the exact values of the period can easily
obtained if a ratic of a concentrated load to a uniform load and the
position of a concentrated load are given.

1. Frequency Equation of the Period of the Free Lateral
Vibration of Beams subjected to a Concentrated
Load and a Uniform Load simultaneously

The differential equations for the free lateral vibration of a beam
are given by the following equations. In these equations, a is the
distance of the loaded point of a concentrated load P from the left
support of a beam, and b is the distance of P from the right support.

4, 2,
oYy p 2o g @=0~a),
ax at?
4, 2, (l)
OYs 4 ,29Y: (x=0~D0,
2% at*
in which r=-%_
gFE T

w == intensity of uniform load,

g = gravity acceleration,

E = modulus of elagticity,

I = moment of inertia of the cross section of beam.
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The general solutions of equations (1) become as follows:

Y=g, % =Ueq, (2)
in which
= A, c0s iz -+ B, sin fr+C, cosh fz+ D, sinh fr, | (3)
U, = A, cos Sz + B, sin B +-C, cosh fx + D, sinh pz , f
g=Acosnt+Bsinnt, (4)
, o
A w

A~D,, A, B = arbitrary constants.

Then the period of the free lateral vibration is given by

7 2 _ 2 y/E’ — (6)
no (BIp Y gl
in which / is the length of a beam.

For the determination of the period of the vibration, 8 conditions
are required, Thege conditions consist of four end conditions and
further four conditions at the loaded point of a concentrated load P.
The conditions at the point loaded by P are as follows:

e = (W) -
(% ). = (%i’) : (7b)
BL(ZE) 4B = () (7d)

These conditions can be applied for any beams. From equation (7d)
one obtains

in which & is the ratio of a concentrated load P to uniform load,

By these four equations (7a)~(7d) and four end conditions in each
beam, the frequency equation for each beam can be obtained. In this
paper, a simple beam, a cantilever beam and a fixed beam are studied.
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A. Simple Beam
In this case, end conditions are p
given as follows: QK 6—>
i w&wwwﬂuwwwm
_ U, - .l
(Udemo =0, ( o ) =0, B p
& (8)
<u2)m:0 == 0, < dxz )wzo =0. Fig. 1.

Substitution of equation (3) into (8) gives
A4, =0, C,=0
for the left side of loaded point of the beam.
Therefore,

u, = B, sin fz + D, sinh Bz ,
(ﬁlul = (B, cos fx+D, cosh fx),
X
d*u . ) (9 a)
" = B’ (— B, sin fz+ D, sinh ),
dx*
d*u, .
e B (— B, cos pz+ D, cosh fz) .
%

Similarly, for the right side of the loaded point,
A, =0, C,=20.

Therefore,
u, = B, sin fx+ D, sinh fz,
'fluz = 3 (B, cos Bz + D, cosh px),
x
d™u. . . (9 b)
2 = B (—B,sin fr+ D, sinh fx),

da?

‘g“; — §(—B, cos fw+D, cosh Bz) .
x .

Substituting these equations in the conditions (7a), (7b), (7e) and
(7d’), one has the following equations:
B, sin Ba+ D, sinh pfa = B, sin b+ D, sinh b,
B, cos fa+ D,cosh pa = —B, cos fb—D, cosh b,

(10 a)
(10 b)
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— B, sin fa+ D, sinh fa = —B, sin b+ D, sinh b, (L0 e)
~ B, cos fa+D, cosh Ba— B, cos b+ D, cosh b ,
= —kpl(B, sin fa+ D, sinh fa). (10 d)
From equations (10a) and (10c) the following relations are obtained:
B, =B SnF% gy D, = p, b Ao g
sin b sinh b

Substituting these relations into (10b) and (10d) and remembering
that

cos fa sin Bb+sin o cos fb = sin fl,
cosh fa sinh b+ sinh fa cosh pb = sinh £,
one has
B, sinh pb sin Bl+D, sin fbsinh gl = 0, (18)
B, (sinh Bb sin pl—kpl sin fb sinh b sin Ba)
-+ D, (—sin b sinh pl+ kBl sin b sinh 86 sinh fa) = 0 . (14)

A solution for the constants B, and D,, different from zero, can be
obtained only in the case when the determinant of equations (13) and
(14) is equal to zero. In this manner the following frequency equation
for the caleulation of gl is obtained:

sinh b sin Bl sin fb sinh Sl
ginh b sin Bl —gin pbsinh I =0
— kBl sin Bb sinh Bb sin o +kpl sin Bb sinh b sinh pa
or
2 sin Bl sinh Al
+ kPl (sin Bl sinh Ba sinh fb—sinh Blsin Bhsin fa) = 0.  (15)
B. Cantliever Beam
Ind conditions of cantilever beam P
are as follows: @ 6—
for the left side of loaded point ey b
(U)o =0, (‘j;‘; ) =0, (16 £

. . Fig. 2.
for the right side of loaded point
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(Pa) =0, (Z2) =0, )

Substituting the equations (3) into the conditions (16) and (17), one
obtains

01:——143, DIZ"_B“ Cz:Azy D2:BZ°

Accordingly.
u, = A, (cos fx—cosh px)-+ B, (sin fr—sinh fz), (18)
u, = A, (cos px+ cosh fx) + B, (sin fr+sinh pz). (19)

Substituting (18) and (19) into equations (7a) (7d), which are the con-
ditions of the loaded point, one has

A, (cos fa—cosh Ba)+ B, (sin fa—sinh Ba)

= A, (cos pb+ cosh 8b)+ B, (sin 3b+sinh ) , (20 a)
— A, (sin Ba +sinh fa)+ B, (cos fa—cosh pa)

= A, (sin pb—sinh pb)—B,(sin pb+sinh gb), (20 b)
A, (cos pa + cosh pa)+ B, (cos fa -+ cosh Ba)

= A, (cos fb—cosh 5b) + B3, (sin Bb—sinh ), (20 ¢)

A, (sin fa—sin fa)— B, (cos fa -+ cosh Ba)
+ A, (sin fb-+sinh gb)— B, (cos fb—cosh (b)
= — kfl[ A, (cos fa—cosh fa)+ B, (sin fa—sinh ga) | (20 d)
From equations (20a) and (20c¢) one obtains

A, = — A (sin 8b cosh fa + cos fusinh 3b) + By(sin fbsinh fa +sin fasinh 8D) ,
sin $b cosh 3b—cos b sinh b

(21)

B — A,(cos fbcosh fa+ cos facosh b) + B, (cos fbsinh fa + sin facosh b)
’ sin b cosh fb—cos fb sinh b '

(22)
Substitution of (21) and (22) into equations (20b) and (204d) gives
A, (cos fa+ cosh a + cos Sl cosh b
+sin pl sinh gb—sin pb sinh pl+-cos b cosh B)
+ B, (sin Pa+sinh fo+sin fl cosh b
—cos Bl sinh pb—sin b cosh pl+ cos b sinh Bl) = 0, (23)
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A, [ (cos fu—cosh fa)(L + k@i 4)—(cos flcosh gb+sin Blsinh 5b)
— (sinbsinh fl—cos fb cosh B} | + B, (sin fa—sinh fa)(1+kpl4)
— (sin gl cosh gb—cos flsinh b)—(sin b cosh fl— cos fbsinh fl) | = 0,
(24)
in which

4 = sin fb cosh sb—cos pbsinh fb.
When the notations,

cos pl cosh fb+sin Blsinh gb = A,

sin b sinh pl—cos fbcosh fl = B,

sin Bl cosh fb—cos Slsinh b = C,

sin b cosh pl—cos b sinh fl = D,

are employed, equations (23) and (24) can be written in the following
forms :

4, (cospa+coshpa+ A—B)+ B, (sinfa+sinhfa+C+D)y==0, (28)
A, [ (cos fa—cosh fa)(1 + kpld)—(A+B)]

+ B,{(sin fa—sinh pa)(1 + kAl —(C+D)] = 0 . (24')

When A4, and B, are eliminated from these equations the frequency
equation for the calculation of B/ can be obtained as follows:

(cos fa+cosh Ba+ A—B) (sin fa+sinh Ba+ C—D)

[(cosBa—coshpa)(1+kpld)  [(sinpa—sinhpa)(l+kpld| =0
—(A+B)] —(C+D)]

or
2[ (sin Bacosh fu— cos fasinh fa) + (Asin fa+ Bsin fa
—CcosBa—Dcosh fa)+(BC — AD) |
+ [ 2 (sinpacosh fa—cos pasinh fa) + Asinfa—Bsin fa— Asinh fu
—Ccos Ba+ D cos fa+ Ceosh fa—Deosh fa) | kfld = 0

or
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2 (cos pl cosh Bl+ 1) — kBl (sin Ba cosh Bo —cos fa sinh fa)
—gin b coshfb + cos Bbsinh fb—sinh 3l cos Bb cos fa

+sin pflcosh fbeosh fa = 0 (25)
C. Fixed Beam
In this case, the end conditions are: » 2
for the left side of loaded point @ I 4

y ur
¢ du :uwwwvﬁwaw
1)c=0 :0 y — == O 3 26
() (G ) (26)
for the right side of loaded point ‘ <

(U)o = 0, < Cs’; >m=u: 0. (27) Fig. 3.

Application of equations (3) to equations (26) and (27) gives
01:_A7 Dli—Bu 02:_142; DZZ_‘B,’;'

Accordingly,
u, = A,(cos fr—cosh Bx)+ B,(sin fx—sinh ) (28)
u, = A, (cos fr—cosh px)+ B, (sin fx—sinh ). (29)

Substituting these relations into equations (7a)~(7d’), which are the
equations for the conditions at the loaded point, one has

A, (cos Ba— cosh Ba)+ B, (sin fa—sinh fa)

= A,(cos pb—cosh Bb)+ B, (sin fb—sinh pb), (30 a)
— A, (sin o +sinh fa)+ B, (cos fa—-cosh Ba)
= A, (sin b+ sinh pb)— B, (cos fb—cosh Sb), (30 b)
| A, (cos pa+cosh fa)+ B, (sin fa-+sinh fa)
= A, (cos b+ cosh Bb)-+ B, (sin pb+sinh 8b), (80 ¢)

A, (sin Ba—sinh fa)— B, (cos fa + cosh fa)
+ A, (sin 8b—sinh pb)— B, (cos b + cosh 3b)
= —kpl [Al (cos fa— cosh fa)+ B, (sin /3a~—sinh/6’a)} (30 d)

From equations (30a) and (30¢) one has

A, (cos fasinh fb—cosh fa sin gb)
A = + B, (sin fa sinh fb—sinh Ba sin 4b) (31)
’ cos Bbsinh fb—cosh B sin b ’
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A, (cosh Ba cos 8b—cos fa cosh 3b)
B, = +Bl(§inh Ba cos ,Bb~s_in Ba cosh 8b) ’ - (32)
cos pbsinh Bb—cosh Bbsin fb

Substitution of (31) and (32) into equations (80b) and (30d) gives

A,| cos fa-+ cosh fa—sin flsinh fb—cos 4l cosh b —cosh £l cos b
+sinh plsin ﬁb] + B, [sin Fa+sinh pfa+cos flsinh 8b
—sin Bl cosh Bb + cosh Blsin fb —sinh 3l cos ,Bb] =0, (33)

A, [ sin glsinh b+ cos Bl cosh fb —cosh fl cos fb +sinh flsin gb
+(cos fa—cosh pa)(1 + k/a’_/l)] +B, [sin Bleosh sb—cos £lsinh b
—sinh glcos fb-- cosh flsin b + (sin fo —sinh fa)(L+ KAL) | = 0

(34)
in which
4 = cos b sinh Bb—cosh b sin b .

When A, and B, are eliminated from these equations, the frequency
equations for the cantilever beam acted by a concentrated load and
a uniform load simultaneously can be cbtained as follows:

[(cos fa+coshfa)—A+B]|  [(sinfa+sinhfa) +C+D |
[(cos fa—cosh pa)(1+kpld)  [(sin fa—sinh fa)(1 +kpld) =0
 +A+B] ~C+D]

in which
A = sin plsinh pb+cos Bl cosh b,
B = ginh pl sin fb—cosh plcos b ,
C = -—sin plcosh b+ cos Bl sinh b ,
D = —ginh pl cos b +cosh Blsin pb
or
| (cos pa + cosh fa— (A~ B) ][ (sin fa—sinh fa)(1+ kpld)—(C—D) |
— [ sin fa-+sinh Ba)+(C + D) | [ (cos fa— cosh fa) (1 +kpL4)

+(A+B)] =0
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or
2 (cos Bl cosh I3 —1)+kpl(sin fa cosh pa— cos fasinh fa
+sin 8b cosh b —cos pbsinh Bb+ sinh Bl cos b cos fa
—sinplcoshBbeoshpBa) = 0 . (85)
When the exact values of pl are determined from the frequency

equations (15), (25) and (35), the periods of the free vibration are ob-
tained by the following formula:

2 2n /wl‘
n @iy ¥V gkI

II. Approximate Formulae

It is very laborious to determine the values of pl from the frequency
equations. If the approximate values are previously known from the
approximate formulae, the exact values of Bl can rapidly be calculated.
If one denotes that T, is the period for only a uniform load or a dead
load, and T, is the period for only a concentrated load, Dunkeriay’s
approximate formula is

for the period of the free lateral vibration of the beams acted by
a concentrated load and uniform load simultaneously,
T, and T, in the above formula are expressed as follows:

_ 2 Twlt

oy YV gRET

T, = 27r7 MP_ .
ge

In the expression T,, l/c is a spring constant. The well known values
of B for the fundamental mode of vibration are as follows:

for simple beam pl=mn

for fixed beam pd = 4.73004

for cantilever beam B,/ =: 1.87510
and the values of spring constant are:
1 o’

f imple b —=
or simple beam PR
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1 e
¢ SR’
1

¢ - 32’[ <%>3'

Accordingly, T, is rewritten as follows:

for fixed beam

for cantilever beam

in which

Therefore,

T e e P
. 1'1+f2’2 — - 4 ,
Y B l\z 1/1 (B ‘/ gET

in which

W = wl
and then,
for simple beam T = _#]/1+?<%> Z; )2 T% /glgﬁ

for fixed beam

_ 2 (4.73004) /DN P Wk
- (4.737804)2 1/ LS () ()

for cantilever beam

T 87510)2 yiv 1873510) (z) g—WE’/LT '

Generally, one can express that

K 2r wr

Bl Y gET
in which

) WV gEI

’
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K= ,/1 +alBl) 3

When a beam is subjected to a concentrated load and a uniform
load simultaneously, the approximate value of the smallest root of the
frequenecy equation of the approximate value of gl for the fundamental
mode of vibration becomes:

4
= l;gK
Therefore, in the case of simple beam
ﬂ L T
Vg (5 )
in the case of fixed beam
473004

e

and in the case of cantilever beam
1.87510

41 1 187‘310 (¥‘>ﬁf
) w

’

III. Tables of the Exact Values of the Free Lateral
Vibration Period of Beams

In the case of simple beam, when a concentrated load P, which
has various ratio to total uniform load W, is acting at the position
where a/l=0.1, 0.2, 0.3, 0.4 and 0.5, the period of the free lateral vibra-
tion of beam is expressed as the following forms:

for P=W T = K, PP
/ 12 gET
for P<=w _K 2 /wr
T glll
in which, 2 1 Hg% is the period of the free vibration due to uniform
T g .
load, and pr is the period when a concentrated load P ig

12‘_&‘E’T
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acting at the middle of beam and uniform load is zero. Therefore,
K, in these expressions means a rivisional coefficient for another load
condition,

Similarly, for the case of a fixed beam,

for P=W T = K, pr
2/12 V gET
for P=Ww T = /- Wi
478004)2 gBT
In these formulae, ._”_, fﬂ is the period of the free vibration
2/12 ¥ gEI

when a concentrated load P is acting at the middle of beam, and

@ 7287604 / VIE/’ZI is the period due to only uniform load W. Further,
g

in the case of cantilever beam, the formulae for the period of the free

vibration due to only uniform load W is 2 we , and the
(1.873107 V ¢ET

period of the beam acted only by a concentrated load P at the free

end is W_ZL_ ﬂ: Therefore, if K, is considered as the revisional
V3 gE [
coefficient, the period can be expressed by the following forms:
for P=W T—K, 2 )PP
/3 VgET
for P<W T - K, / we

(1.8T 81010 gET

The exact values of six revisional coefficients are shown in tables
(1), @) and (3), and the diagrams obtained from these values are dia-
grams (1), (2) and (3). By the use of these tables or diagrams, one can
easily obtain the period of the free lateral vibration of beams acted
by a concentrated load P and a uniform load W simultaneously, so far
as the value of P/W and the position of P are. given.
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TaBrLe 1. (a) K, for P= W TaBLE 1. (b) K, for P= W
afl afl
wiP Pl T
00 | 01| 02 s 03 | 04| 05 00| 01 02| 03 l 0.4 } 0.5
1.0 [0.7020] 0.7701] 0.9294| 1.0834] 1.1850| 1.2199 0.0 1.0 1.0 1.0 1.0 1.0 1.0,
0.9 |0.66569 0.7379| 0.9038| 1.0612| 1.1643| 1.1996 0.05| 1.0 |1.,0048| 1.0173] 1.0324| 1.0444| 1.0489
7.8 |0.6279; 0.7042! 0.8771| 1.0385] 1.1433} 1.1791 0.1 1.0 | 1.0096} 1.0344| 1.0642| 1.0872| 1.0957
0.7 |0.5873,0.6689; 0.8500] 1.0154] 1.1219] 1.1581 0.2 1.0 11.0192| 1.0686| 1.1258| 1.1684| 1.1840
0.6 |0.54370.6318) 0.8222} 0.9919] 1.1001| 1.1369 0.3 1.0 |1.0289) 1.1023] 1.1848] 1.2448| 1.2662
0.5 |0.4964| 0.5928! 0.7936 0.9679 1.0779| 1.1152 0.4 1.0 |1.0385| 1.1356) 1.2416/ 1.3169; 1.3436
0.4 | 0.4440 0.5;179 0.7644] 0.9434] 1.0553| 1.0931 0.5 1.0 | 1.0483) 1.1683| 1.2963| 1.3855| 1.4168
0.3 |0.3845 0.5074] 0.7343| 0.9184/ 1.0322| 1.0705 0.6 1.0 | 1.0580| 1.2006| 1.3490] 1.4509] 1.4865
0.2 |0.3139; 0.4605! 0.7036] 0.8928! 1.0087| 1.0475 0.7 1.0 | 1.0678 1.2322} 1,3998 1.5136/ 1.5531
0.1 | 0.2220 0.4109; 0.6721] 0.8667| 0.9846| 1.0241 0.8 1.0 |1.0775] 1.2634] 1.4492) 1.5740| 1.6170
0.05 | 0.1570; 0.3854| 0.6562| 0.8534{ 0.9724| 1.0122 0.9 1.0 | 10.873; 1.2940! 1.4970) 1.6319, 1.6785
0.01 | 0.0702] 0.3651| 0.6433| 0.8429| 0.9627| 1.0024 1.0 1.0 |1.0971] 1.3240] 1.5434] 1.6880i 1.7378
0.0 |0.0 0.3600] 0.6400] 0.8400| 0.9600| 1.0000
TaBLE 2. (a) Ky for P= W TaBLE 2. (b) Ky for P W
afl afl
Ww/P : ; PW 5
0.0 ! 0.1 E 0.2 } 0.3 ’ 0.4 I 0.5 0.0 0.1 ‘ 0.2 ‘ 0.3 | 0.4 0.5

1.0 10.6193]0.6324 |0.7557] 0.9621| 1.1170] 0.1725 0.0 1.0 1.0 1.0 1.0 1.0 1.0
0.9 |0.5876| 0.6003| 0.7321] 0.9438| 1.1005; 1.1563 0.05] 1.0 |1.0009 1.00971.0301 1.0521‘ 1.0614
0.8 |0.5540] 0.5577| 0.7031; 0.9252] 1.0835] 1.1400 0.1 1.0 |1.0018| 1.0196) 1.0604, 1.1025t 1.1198
0.7 10.5182: 0.5330| 0.6837| 0.9064] 1.0666| 1.1233 0.2 1.0 [1.0036] 1.0401] 1.1206] 1.1983| 1.2289
0.6 |0.4797, 0.4961] 0.6590! 0.8875| 1.0494] 1.1064 0.3 1.0 |1.0055}1.0612 1.1799| 1.2882; 1.3296
0.5 |0.4379] 0.4566] 0.6340] 0.8583; 1.0318| 1.0394 0.4 1.0 |1.0074] 1.0829; 1.2379; 1.3729, 1.4235
0.4 10.3917| 0.4131] 0.6090; 0.8490| 1.0149 1.0720 0.5 1.0 [1.0093] 1.1051| 1.2943| 1.4531] 1.5117
0.3 10.3392! 0.36561 0.5839] (.8294 0.9961 1.0545 0.6 1.0 |1.0113)1.1277} 1.3491| 1.5293; 1.5952
0.2 |0.2770: 0.3126] 0.5609] 0.8097} 0.9779, 1.0366 0.7 1.0 |1.0133 1.1506; 1.4024| 1.6021| 1.6746
0.1 ]0.1959| 0.2586/ 0.6352| 0.7889| 0.9594| 1.0185 0.8 1.0 [1.0153| 1.1737| 1.4542| 1.6719] 1.7504
0.05 | 0.1385] 0.2339| 0.5242] 0.7799| 0.9500] 1.0091 0.9 1.0 [1.0173] 1.1969 1.5045| 1.7390| 1.8232
0.01 | 0.0619; 0.2192! 0.5191} 0.7713] 0.9417, 1.0012 1.0 1.0 [1.0194] 1.2202| 1.5534/ 1.8036| 1.8932
0.0 10.0000| 0.2160 0:5120] 0.7699] 0.9406 1.0000
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TaBLE 3. (a) K, for P=W TaeLe 3. (b) K, for P=W

afl afl
PIW wipP
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

1.0 | 0.4926| 0.4967) 0.5444| 0.6735) 0.8685| 1.1122 0.0 1.0 1.0 1.0 1.0 1.0 1.0

0.9 |0.4673|0.4717| 0.5218 0.6555| 0.8527 1.1015 0.05| 1.0 |1.00041.0053) 1.0211; 1.0513] 1.0959
0.8 |0.4406| 0.4452; 0.4983 0.6369] 0.8402} 1.0900 0.1 1.0 ;1.0008) 1.0106{ 1.0418} 1.1003| 1.1847
0.7 |0.4122] 0.4171) 0.4736 0.6178| 0.8256] 1.0797 0.2 1.0 {1.0017}1.0211} 1.0822; 1.1922} 1.3457
0.6 | 0.3816| 0.3869] 0.4477| 0.5981} 0.8108| 1.0686 0.3 1.0 |1.0025]1.0317] 1.1214] 1.2775, 1.4900
0.5 |0.3483| 0.3542} 0.4203] 0.5779( 0.7957| 1.0575 0.4 1.0 | 1.0033 1.0423} 1.1594] 1.3576| 1.6218
0.4 10.3116] 0.3181; 0.3913 0.5569; 0.7804| 1.0462 0.5 1.0 11.0041) 1.0528| 1.1964 1.4332| 1.7438
0.3 0.2698! 0.2775) 0.3602| 0.5352) 0.7647| 1.0348 0.6 1.0 11.0049) 1.0633] 1.2323| 1.56049| 1.8579
0.2 10.2203] 0.2298) 0.3269, 0.5126( 0.7487| 1.0233 0.7 1.0 11.0058! 1.0737| 1.2673! 1.5735| 1.9654
0.1 |0.15580.1699| 0.2910] 0.4892 0.7323| 1.0117 0.8 1.0 {1.0066 1.0842f 1.3013| 1.6391| 2.0674
0.05 | 0.1102 0.1316| 0.2722; 0.4771 0.7240, 1.0059 0.9 1.0 [1.0074] 1.0946| 1.3346| 1.7022| 2.1647
0.010.0493| 0.0969| 0.2569, 0.4673] 0.7174] 1.0012 1.0 1.0 |1.0083} 1.1050! 1.3672| 1.7631| 2.2578
0.0 |0.0000| 0.0894 0.2530| 0.4648} 0.7155! 1.0000
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Diagram 1.

(a) Ks for P=W.
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Diagram 1.

(b) Ks for P=W.
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(b) Ky for P=W.

Diagram 2.

(a) Ky for P=W.

Diagram 2.
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Diagram 3. (a) K. for P=W.

2/‘(; {L, Q,M é_’l‘ § | | //,,
2./ L e | /’//
e /]
22 =7 = A= ,////
L7 L 2T f'ﬁ=0!‘? \/ //
7=kl 27 =a|.,,° \[7/ /
) Sl
7 111177
/6 /1Y
iy
¥
o I
i [N/ T
/ ///f 74
v/ %
& 7 o
v };,_/J/ﬁ/_
%7 /'{/// ‘é"—" P 50
4:2’{ az o cé 0.8 4O
Diagram 3. (b) K. for P=W.
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