x_x
y[x, a, Xy, yU]::a-cosh
%2
Lc(xl, X,, a, XU] = J"Jl—{—y’ [X, a, XU] d x
%3
%2
2
fx-/‘/l—{—y' [x, a, XU] d x
X

Lc[xl, X,, a, XU]

2

—a+y, Y' [x, a, XU]::sinh

X—XU

Under Tools/Options/Calulations/Integral
accuracy I reduce it from 100 to 50

X4

fy[x, a, X;, yU].1/1+y' [X, a, XU]2|dX

Veg [Xl, X,, a, X, yU]::

Lc[xl, X,, a, xU]

m_ ge.Lc[Om, x, a, XUL]-ycg[Om, Xy ay Xypor yUL]

PE[a, Xorr Yurr Xurv yUr]’:eval §

L:=6m S:=12m HL::7m HR::5m

Lagrange's multipliers method function

HL—Y(Om, ar Xypr YUL]

m:=0.1 kg

S_[LC[O m, x, a, XUL]+LC[X, L, a, XUR]]

m ge.y(x, a, Xy yUL]

m_ ge-Lc[X, L, a, XUR].ycg[x, L,a, Xy, yUR]

m ::0.1E *=4m
c m

Lagrange's "G" function

L[ui,Aj]=F_[z[Aj.Gj]]

LM::l-
m Y[L,arXUgr yUR]_HR
y[x,a,XUL,yUL]—Y[X, a, Xyp1 YUR]
LM (ut )= [a Xgr Yur Xur Yor 21 22 23 )‘4]: U#T

eval

T
1
3.PE[a, Xyt s Yoo o Xur s yUr]_[Al A, Al A4] . LM

Target function: the transposed gradient (without dividing by h, for simplicity)

r#:=[1..9]

(p(u#):: [w# ::eval(un#-u#) G#:=0 LMa#::eval(LM(W#)]]

G# 4 eval [(LM(W# +col (h#, r#)]_LMa#]]

Numerical solver: it can take a while.

T
wo#:=[Imlmlimimiml111]

un# :=eval [diag [Unitsof ( UO#)]]

[a Xup Yur ¥vr Yur 21 22 A3 Ay ]:: un#.al nlegsolve

h#::eval[10_5.un#]

guess value

derivatives forward step

T
uo# 0
UnitsOf (uo#) !




a=1.7837Tm

XUL=3.805m

Yy =1.147m

Xyr =2.5708 m Yyr =0.5551 m
PE [a, Xup o Yur o Xgro yUr]=40.6756 J1 Sanitiy check: normi (LM)=0.0025
X - X
X =0 X X, i=|X,X . L
p=|(0m) 355 R 300 I
8 T T T T =
Xr y[XL’a’XUL’yUL]
augment | —,
m m
Xr y[XR’a’XUR’yUR]
augment | —,
m m s 4
Plot :=/ N
xR y[XR’a’XUL’yUL]
augment | —,
m m
Xy, y[XL’a'XUR’yUR]
augment | —, or 7
m m

Plot
22 5614407 — N Xy :=4.4116127 m Vg =2.163828 m
T -1 Found in Mathcad
N m Xgp i=2.1353467 m Vg =1.4877577 m
PE [a, Xprr Yyrr Xurv yUr]=41.275 J| Sanitiy check: |normi (LM)=2|
2
) Not verify this equation:
7.6057-10
IM— g S_[Lc[om,x,a,XUL]+LC[x,L,a,XUR]]=2m
—5.7498-.10
-8
6.7884-10
T T T T
X7 y[XL’ ar Xypr yUL]
augment | —,
m m
6 - -
XRr y[XR’ ar Xyrr yUR)
augment | —,
m m
Plot :=
>4k _
XR y[XR' ar Xypr yUL]
augment | —,
m m
Xz y[XL'a' UR’yUR) 2F .
augment | —,
m m
1 1 1 1

Plot



