
SoluHons of  a Problem of Rafters. ~;S 

a straight line; and upon a curve of 600 feet radius, i t  wa¢ equal to 
the gravity on an inclined plane of 1 in 150, Approximately, the re- 
sistance due to the curvature might be found, either by dividing the 
number of lbs. in a ton by 0"224 of the radius of the curve, or by mul. 
tiplying the deflection angle of the curve by 1'75, to give th0 resist- 
ance in its.  per ton of train. I t  should be stated, t h a t  the gauge of 
the line was 5 ft. 6 ins. and that the proper super-elevation had been 
given to the outer rail on curves. " 
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Solutions of a .Problem of the Rafters. By S. W. ROBI:~S0N, C. E.,  
Detroit, Mich. 

I offer the following for publication for the  interest manifested in 
consequence of the numerous solutions by the "triangle of forces," by  
"moments,"  " "" "" " " - "  " ~" by vl~tual velocltms, or by the shearing stress, I 
have met with scarcely another problcm whose solution by either of 
these principles can be made with so nearly equal facility. 
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Let Ac, cB represent the rafters AD, DB or AD p, DtB sub-rafters, or 
rods joined at their intersection D or 1/ with the intersection at c by 
a tie or strut PC or D~C. And let w be a force acting at c tending to 
depress c, causing a thrust at .~ and B, tending to straighten AD, DB or 
ADt~ DtB causing a stress upon PC, or DtC. 

Required the amount of stress t upon PC, or #C. 

When the force w is acting at c, and the combination is in equili- 
brium, there results a force t acting at c. There is a horizontalthrus~; 
at ~t and B caused by the force at o, which is resisted by an ~qual and 
opposite force irl AD, and D~. Call this force It. 

Now as the forces in any triangle of forces are proportional to the 
sides of the triangle respectively, we will have from the triangle 

A E  
:  c=a : (w t) whence 

Also from the triangle AED, AE : ED=~ : t, whence ~ :~ 

AE orAE )A~ ~ ,~ t = ( w + t  , 
ED ED t 

VOL. XLVIII.~T~IaD SERIES.--N0. 1.--Jv'~x, ~ou~, 2 



14 :~vi~ J~ngineering. 
by equating ; from :whioh 

r~ of~g ~ + ~  = ~ ;  

( )-  ( ) whence t v,c ~_ ED 6rED' t ~ ~C -~ - - ~  CD, orcD p 

• t W ED EDr 
. .  = ~orw~. 

To make the solution bymoments, draw co and on parallel to E~ 
and EC. 

Then ~ .  (B0=EC) =(W + t) (CO =E~) 
and t .  EB---r~. (ED or ED ~) 

or t .  ~B=(w+t) En. ED 
EC 

ED 
from which t = w  ~ .  

To make the solution by the principle of virtual velocities, we have 
from the triangle AEC 

And from the triangle AuD 
Xg~+ j;y92-~£-5 ~ . 

Now if c be depressed through an clement of space, A will move ho- 
rizontally through an element ¢if space in which case AE, EC, and ED 
become variable, while AC and AD remain constant• Therefore we may 
differentiate the two equations above and obtain 

2 AEd (AE) d- 2 Ecd (Eq)=0 and 2 AEd (AE) "4- 2 EDd (ED) = 0. 

:Eliminating AEd (AE) gi~es / 

The element of space d~Ec) may be regarded as that through which 
c passes; and d (ED) the elemen~ through which D passes. Hence each 
force multiplied into its displacement gives 

( w + 0  ; d  ( ~ )  = t .  d (ED), 

i '  ) " 
Substituting for the ratio of t:he infinitesslmals its value above, then 

from which t = w ~ .  
: 0D 

To make the solution b a me,ms of the principle of shearing stress. 
The shearing stres~ of a~ be~m with referenoe to any section, is the 
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amount of force which tends to move one part  of the beam ever ~he 
other, every particle of the beam moving in a direction paraUel to thia 
section. 

Therefore if the force in Ac be P and that in &D be :e ~, the vertical 
shearing stress of Ac will be 

r sin EAC ; and as this is the total vertical resistance of Ao; it must 
be equal to the total vertical force acting upon it; 

Hence P sin ~Ac--w-t-t. 
Similarly the vertical shearing of A:a is 

p t  Sin E A D ~ t .  

Taking the horizontal shearing we have 
P COS EAC~R~ and pr cos E A D ~ R ,  

Reducing we get 
1~ tang EAC----W-~-t, and I~ tang XAD----tp 

t tang EAC ~---W-{- t. 
or tang EAD 

EC ED 
:But tang v..~C---- ~] ,  and tang E~D--~.~. 

• t --EO ED 
• " E D ~ - W - ~ - t ~  o r  t ~ W C D  " 

Other solutions might be made by some of these four principles; 
Thus, by tt~e triangle of forces, taking .~  to represent ~, and v.c to 
represent (w-t-t), and ED to represent t, we would obtain 

1~ tang EAC---~(W~-0, and 1~ tang ~AD=t, 

~hich is reduced similarly as the last. 
To make a second solution by the principle of "vi r tua l  velocities," 

let c move through an element of space 
to c' Fig. 2. At the same time ~ will 
move to B r. Draw through ~r, B~IK paral- 
lel and equal to ~d, then Hc--~r~ and the 
triangle ttcc t is similar to cEn, which 
g i v e s  BE : EC--=CtC : CtI-v-~CrC • BB t 

BB I EC 
whence c~ ---- ~-~. 

By the principle of "virtual  velocities," 

r~. ~ ' = ( w + t ) .  co', 
EC 

or 1~ - -  ---- w-~-~. 

Similarly we would get from BED 
ED 

I¢ ------t~ 
BE 

which may be reduced as similar expressions.above, 

B":B 

,P 

t 



16 )tfeehanlcs, 2hysles, and ffhemlstrg. 

If in the result for t we make ED=0, t=0. I f  we make CD=0, l =  oo. 
If we muhiply through by CD and make CD = 0% then E~= oo. Si- 

milar conclusions would be drawn from the figure. 
If  AE and gB, Fig. 1, be taken unequal, we get a similar expression 

for t. 

MECtIANICS, P[IYSICS, AND CIIEMISTRY. 

The JIacrograph. By ~,V~I. B. MORGAN, ~I. A., Prof. of Math. and 
Ast. in Earlham College, Richmond, Ind. 

To the :Editor of the Journal of the I~ranklin Institute. 

The following article is a copy of a thesis which was prepared by  
Mr. ~iorgan previous to his taking the degree of Civil Engineer a~ 
the University of Michigan, in June, 1863. 

I offer it to you for pub]ieatlon on account of its originality, ancl 
the hope that it will induce further investigation. It may result ia 
reducing the principles involved to some useful application. 

D. V. WOOD, Profi Cir. :Eng. 

This instrument, being ~s yet without a name, the author of the 
following article has concluded to call it The Macrograph, from its 
property of describing long curves. (Gr. ~,~zpo¢, long, and vp:~, to 
write.) 

The Macrograph is the invention of Oliver :Butler, Attorney at L~w, 
I~ichmond, Indiana. 

I. The instrument is represented by Fig. 1, :Plate I. I t  has two 
cog-wheels, A and B~the latter moving the former--the number of 
teeth in the two being different. 

Each wheel carries an arm, ~ z~', which may be shortened or length- 
cued at pleasure by means of adjusting screws. At the extremity of 
the arm, ~t, is a rotating pivot, p, with a binding screw and a mortise 
through which the rod ~ passes. The rod ~ is attached to the ex- 
tremity of M', and also passes through pivot P', which may be placed 
any where upon it at pleasure, and fixed there by means of the bind- 
ing screw. The pivot i,' rotates in the slider s. The latter may be 
placed any where upon the rod I¢. This latter rod has holes ia it at 
~. I t', &e., into which a pencil may be inserted. 

Upon turning the crank of wheel ~, while the instrument is in the 
position indicated, it will describe a curve or rather a series of curves, 
of which Fig. 2 is a specimen. :By placing the pencil in other parts 
of the same, four figures may be made which differ so much from this 
specimen, that one would hardly suppose that they were governed by 
the s~ime b~w. 

It is evident from the construction of the instrument, that if the 
wheels contained the same number of cogs in each, with any particu- 
lar arrangement of the pencil, rods, pivots, &c., the pencil must fol- 
low in the same path at successive revolutions of the wheels. This 


