(0)

0 .
4 particles
L Constraints: They only move vertically
X 2 inextensible threads
mi1 1
X
P Degrees of freedom: 2
1
m2 X2
m3 X3
A 2
{ L=x;+xp - { 0=x1+xp N _x,__x___fz+363
| =x,+ x5 + 2xp 0 = %, + X3 — 2%p PTXT 2
a) Using Newton’s equations:
.. m .. ..
my g —T,=mx; =>2Tl—m1g=71(x2+x3) €]
ng_lemzfz (2)
myg—T, =mg ¥, (3)
ZTZ—TL=O = 2T1=TL
From (2):
T, = my(g — x3)
In (3):
ms g —my(g — x;) = mg X3
. m; ..
X3 = g—m—3(g—xz)
m m
x'3=(1——2) +—2%, (4)
m3 ms
In(1):

In (4):

m m m
Zmz(g—fz)—mlg=71[(1—m—z>g+(1 +m—z>x'2]

.. mp my\ ..
dm,g — 4myX, —2my g = m1(1 _m_)g+m1 <1+m—)x2
3 3

m; .. m,
[ml (1 +m—) + 4m2] X, = [4m2 -2m;—-m (1 — m—)] g
3 3

4m2—m1( —m—z)

:4m2+m1(1+%)

X5

. 4mymz —my(3mz —my)
xz =

© 4myms + my(ms +m,)

emlpoMe M 4mymz —my (3mz —m,)
3 ms mz 4dmyms+ my(ms +my,)




ms[4myms + m;(m3 + my)] — my[4myms + my(mz + my)] + my[4myms — m; (3mz — m,)]
ms[4myms; + my(mz + my)]

Jf.3 =

i = 4mym3 + myms(ms + my) — mym,(mz +my) — mymy(3mz —my)
’ mg[4m,m; + my(mz + m,)]

2
i = dm,m3 + mymz(mz + my) — mymy(mz + my) — mym,(3ms —m,) p
3 4m,m% + m;m3 + mym,mg

. 4mym3 + my(m? + mymz; — mymy; — m2 — 3mymy + m2)

X =
3 4m,m?: + mym3 + mym,m,
.. 4m2m§ + ml(m§ — 3m,ms)
x =
37 amum? + mymé + mymym,
. (4m; + my)mz — 3mym,
x =
27 (4m, + my)ms + mym,
In (0):
. 1 4‘m2m3 - m1(3m3 - mz) (4‘m2 + ml)m3 - 3m1m2
X1 =—=

2| 4m,ms + m,(mz + my,) (4my, + mymg + mym,

(simplified on part b)

b) Using D’Alembert’s principle:

r o= x2+X3_l 5r1__6x2+5x3
w=L———7F7r = _—
2 2
T'2 = x2 = 57‘2 = 6x2
3 = X3 67"3 = 59(3
N
Z(mi 7:"1 - Ffa)) . (Sri =0
i=1

0x, + 6x
—-m;(xX; — g) (%) + my (X, — g)ox, + may(x5 — g)dx3 =0

SHg =) +my(—g) = 0 (5)

SHg =) +ms( — g) = 0 ©)

From (0) in (5):

m X, + X
g+ ) 4 myliy - ) = 0

(%—mz)g+(%+m2)fz+%f3 =0

(2my — 4my)g + (my + 4my)x%, + myx; =0

¥ = (4my — 2my)g — myX;
z my +4m,

(7

In (6):

ml(g+xg+x3

2 2

)+m3()&'3—g) =0

my (4my —2my)g —myXs | ¥ .. _
2 ( 2m, + 8m, T )tmata—g) =0




my m;(2my —my) m%

.o, oMy .
X3 +— X3+ mzx;—m3g =0

297 om, +8m, 97 am, + 16m, 4
2
my my .. my m;(2m, —my)
— . = A TV =0
z tms 4m1+16m2]x3+[2 Mt +8m, |9

m,(16m, + 4m;) + 4mz(16m, + 4m,) — 4m? _ N m;(2m,; + 8m,) — 2m;(2m, + 8m,) + 2m;(2m, — m,)
X

=0
16(4m, + my) 3 4(4my, + my) g
oo m1(2m1 + 8m2) - 2m3(2m1 + 8m2) + Zml(zmz - ml) 16(4‘m2 + ml)
*3 = 4(4m, + my) my (16my, + 4my) + 4my(16my, + 4my) — 4m2 I
P m;(m; + 4m,) — m3;(2m, + 8m,) + m;(2m, —m,) 4
3 2 my(4m, + my) + my(16m, + 4m,;) — m? g
. mi+4mym, — 2myms — 8mymg + 2mym, —mj 4
*3 = 2 4mym, + m? + 16m,yms; + 4mymy — m? g
o 2m1m3 + 8m2m3 - 6m1m2 4
X3 = 2 dmym, + 16m,m3 + 4m;ms g

- m1m3 + 4m2m3 - 3m1m2

T mymy + 4mymg + mymg

. (4my + my)mz; — 3mym,
X3 =

(4m, + myms + mym,

In(7):
. 4m,—2my my (4my + my)mg — 3mym,
X, = -
27 my + 4m, g my + 4m, (4m, + my)mz; + mym,
v = (4m, — 2my)[(4m, + my)mz + mym,] — my[(4m; + my)m; — 3mym,]
2 (my + 4my)[(4m; + my)ms + mym,]
. (4‘m2 - 3m1) (47712 + ml)m3 + (4m2 + ml)mlmz
X, =
2 (my + 4my)[(4m; + mydm; + mymy]

. (4m, — 3myImz + mym,
xZ ==

(4m, + myms + mym,

In (0):

1 (4‘m2 - 3m1)m3 + mlmz (4m2 + ml)mg - 3m1m2
2| 4dmy +mymz+mm,  (4my + my)mz + mym,

¥y =—

1 (8m2 - Zml)mg - 2m1m2
2 (4m, + my)mz + mym,

% =

(4my —my)mz —mym,

%y = —
1 (4my + myms + mym,



