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Problem 2.1

A mass m; hangs at one end of a string that is led over a pulley

A. The other end carries another pulley B which in turn carries
a string with the masses m, and ms fixed to its ends. All pulleys
and strings are assumed to be massless. Also, all strings are
inextensible.

Find the acceleration of the masses.

Constraint analysis:
Let ay, a4, a3 be accelerations of masses m,, my, ms respectively.

From string constraints:

a14 = —Qpy
Q2p = —03p
1
Asp = —a3p => Ay +a; = —(ag +a;) = a; = —§(a2 + a3)

Also since the strings are assumed to be massless and inextensible:
Force equations:

ay +ag

Tl_mlg:mlal 2T—m1g=m1 2

T2 o ng - m2a2 = T — m2g = m2a2

T; —mgg = mga
3 3 38 T —m3g = mzaz

Solution:



_Amymg +my (my — 3mg)

Qo =
2 mq(my + mg) + 4mqymsg
. — _ dmgmg + m, (mg — 3my,)
’ my (my + mg) + dmgmg
T dmimgoms

my(my +mg) + dmymy

dmaymg — my (my + my)

1
= _5(% +as) = mq(mgy + mg) + dmgomsg

\




Problem 2.2

of both planes are p,.

Find the acceleration of the masses.

Force analysis for mass m;:

F = (mygsina —T — p Ny )é, + (mygcosa — Ny )é,

mygsino —T — p Ny =mja
E :mlal —
mygcosa— N; =0

= mygsina —T — pmgcosa = mya

Force analysis for mass my:

F, = (mygcos B — Ny)é, + (magsin B —T + Ny )€,
mggcos B — Ny =0
Fy, = mya; =
mogsin f — T + p, Ny = —mya

= mygsin B —T + pupmogcos f = —mya

System of equations:

Solution:

Special cases:

When p;, — 0:

When a =g =

{mlgsina—T—ukmlgcosa =m,a

mogsin B —T + pmaegcos B = —mya

(mq sina — mg sin B) — py (M4 cos a + my cos )
a =
my + my
mymag /. .
T = —2 22 [(sina + sin 8) — p,(cos a — cos
el 8) — )
o m sin @ — my, sin 8
my + moy
.
5.
* *

Two masses m; and m, are lying each on one
of two joined inclined planes with angles o and
B with the horizontal. Both inclined planes and
the horizontal make a right-angle triangle. The
two masses are connected by a massless and
inextensible string running over a massless and
fixed pulley. The coefficients of kinetic friction



a —

m; —Mmy

my + my




Problem 2.3

A particle of mass m is located at the “North

y
me—, pole” of a smooth hemisphere of radius R fixed
&y on the ground. The particle slides down the
£ hemisphere after a small kick.
R 0
vy e Find the angle and the speed at which the par-
f’ﬁ > ticle breaks off from the hemisphere.
&y

Energy conservation:

Radial force equation:

1
E = §m1j2 + mgR cos p = mgR

Breaking condition (N = 0):

Substituting the energy result:

Results:

Breaking angle:

Breaking speed:

2
N —mgcosp = mR(—)

v?2 = 2gR(1 — cos )

de > 2
- =Zn-—
(dt) R( cos p)

dy
dt

cosp =R dy i

gcosp = 2g(1 — cosp)
Jcosp =2

2
cosp = —
3

2
Yo = arccos(g) >~ 48.2°




Problem 2.4

Obtain short-time and long-time behaviors for v, (¢) and y(t) for projectile with linear air resistance.

dv,,
E = —k!’l)y(t), y(O) = Yo, Uy(o) = Up COS ‘90
Differential equation:
dv,,
E = _kvy(t>7 y<0) = Yo, Uy(()) = Vg COS 00
Solving for velocity:
dv, (t Uy dv,, ¢
y(®) = —kv,(t) = Y = —k/ dt
dt v,s=vg cos by Uy t’=0

= v, (t) = vy cos fpe

Solving for position:

dy —kt Y ’ ' —kt" 347
FraiClees Ope " = dy’ = vg cos e~ dt
¥'=Yo t'=0
v cos 0
— () = 3o+ 22 (1 )

General solutions:

v, cos 6, (1— )

v, (t) = v, cos Ope % and y(t) =y, + k

Short-time behavior (t < 1):
v, (t) — vy cos Oy (1 — kt)

1
y(t) = yog + vy(cosby)t — Ekvo(cos 0,)t?

Long-time behavior (¢t > 1):

v, (t) = 0
v,y cos 0
y(t) - yo + L0
Alternative form using chain rule:
d, (£) dv, (y) dy
—y = — = Y e —k t
dt vy(®) ay at =l
Uy Yy
= / dv,, = —/ kdy" = v,(y) = vgcos Oy — k(y — yo)
v,1=vg cos 0, y'=yo



