NSEP AcadXl

CENTER OF MASS AND COLLISION

1. Two balls A and B moving in the same direction collide. The mass of B is p times that of A.
Before the collision the velocity of A was q times that of B. After the collision A comes to rest. If e

be the coefficient of restitution then which of the following conclusion/s is/are correct?

[NSEP-2017]
+ +
(A) e=—— (B) e=—— © p2—5 (D) p=1
pq-p pa+q q-2
Ans. (ACD)
Sol. A B
*—» qu .—Du
m mp
mqu + mpu = mpv;
_(a+p)u
Vp =
p
q+p)—
o= ( ) p_4d+p
qu—u  pq-p
e<l
pq-p
q
>_1

p q-2

2. A ball of mass m hits directly another ball of mass M at rest and is brought to rest by the impact.

One third of the kinetic energy of the ball is lost due to collision. The coefficient of restitutions is
[NSEP-2017]

(A)1/3 (B)y1/2 C©) 2/3 (D) 3

Ans. (O)

Sol. @_.“ @

Pr_2p0
2M 32m
m 2 v
_:_:—:e
M 3 u
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3. Two particles A and B of equal masses have velocities V, = 2i+]j and V, = —i+2]. The particles
move with accelerations a, = —4i—j and ag = —2i+3j respectively. The centre of mass of the two
particles move along [NSEP-2017]
(A) a straight line (B) a parabola
(C) acircle (D) an ellipse

Ans. (B)

SOI. \_/cm = 1+ 3J acm = _61 * 2J

2 2
=-3i+ 3
4. Two bodies of equal masses moving with equal speeds make a perfectly inelastic collision. If the
speed after the collision is reduced to half, the angle between their velocities of approach is
[NSEP-2018]
(A) 30 (B) 60° (C) 90° (D) 120°
Ans. (D)
m\u
Sol. ~
\\\\
o>
. &——»\V=u2 e—»
P 2m
P 4
m/’u
According to linear momentum conservation along x -axis
2mucos§ =2m= .. cosg 1
2 2 2 2
9 =60
2
Hence 0=120"

5. Rocket fuel is capable of giving an exhaust velocity of v,, =2.4 km/s in the absence of any external
forces. The fuel required per kg of the payload to provide an exhaust velocity of 12 km/s to the
rocket is: [NSEP-2018]
(A) 3670 kg (B) 8000 kg (C) 1474 kg (D) 478.4 kg

Ans. (O)

Sol. v= Vrelfn(&j =12km/s
m

m, =me’ =148.41 mkg
m=1kg, m, =148.41 kg
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6. A block of mass m=10 kg is hanging over a frictionless light fixed pulley by an inextensible light
rope. Initially the block is held at rest. The other end of the rope is now pulled by a constant force

F in the vertically downward direction. The linear momentum of the block is seen to increase by
2kgm/s in1s (in the first second). Therefore, [NSEP-2019]

()
\/

P
d
m

m

O

(A) the tension in the rope is F

(B) the tension in the rope is 3 N

(C) the work done by the tension on the block, in first second, is =19.8 J
(

D) the work done against the force of gravity, in first second, is =9.8 J

Ans. (AD)
Sol. AV=£=O.2 m/s
m
at =0.2

a=02m/s’
1,

s=—at"=0.1m
2

F-98=10x0.2

F =100

w, =—9.81]

W.D against gravity
+9.81

7. A ball of mass m, travels horizontally along the x -axis in the positive direction with an initial

speed of v,. It collides with another ball of mass m, that is originally at rest. After the collision,

the ball of mass m, has velocity (V1X§+V1yj) and the ball of mass m, has velocity (V2xi+vzy3) .

Identify the CORRECT relationship(s) [NSEP-2019]
(A) 0=m,v,, +m,Vv,, (B) myv, = mVvy, +m,v,,
(©) 0=myv,;, +m,v,, (D) myv, =myv,, +m,v,,

Ans. (CD)

Sol. m1V01=m1(V1x1+VlyJ)+m2 (V2X1+V2yJ)
m; v,y +m,v,y =0

&m,v, =m,v,Xx +m,v,x
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8. A body of mass 10 kg at rest explodes into two fragments of masses 3 kg and 7 kg. If the total
kinetic energy of two pieces after explosion is 1680 ], the magnitude of their relative velocity in
m/s after explosion is: [NSEP-2020]
(A) 40 (B) 50 (©) 70 (D) 80

Ans. (A)

Sol.  Let the stationary mass m explodes in to m; and m,

By conservation of momentum m,v, + m,v, =0 (1) and Energy is

my

%mlvf +%m2v§ =1680 = %mlvf [1+ J=1680

m,
=v,=12ms™ and = v, =-28ms™' Thereby v, -v, =[12-(-28) |ms™' =40 ms™

Thus we get v, =40 ms™

9. Two masses move on a collision path as shown. Before the collision the object with mass 2 M

1

moves with a speed v making an angle 6 =sin" % to the x -axis while the object with mass M

1

moves with a speed %V making an angle ¢ =sin” % with the x -axis. After the collision the object

of mass 2 M is observed to be moving to the right along the x -axis with a speed of ?v . There are

no external forces acting during the collision. The correct option is [NSEP-2021]
A

Before the
@ collision After the collision

(A) The velocity of mass M, after the collision, is zero.
(B) The centre of mass is moving along x -axis before the collision.

(C) The velocity of centre of mass after the collision is %V

(D) The total linear momentum of the system before the collision along x - axis is %MV

Ans. (B)
Sol. By the principle of conservation of momentum along x -direction

4 . . . . .
2Mvcos6 + M%VCOS(I) =2Mx 3V +MYV, where V, is the velocity of mass M in x direction after
. I 4 3 3 4 9
the collision. Substituting the values 2Mv x 5 + ME vx= 2M x 37 +MV, =V, = oV In y—
direction the momentum conservation yields —2Mvsin + M % vsing =2M x 0+ MVy substituting

the values —2MV§ +Mx %V X % =0+MV, =V, =0 means no velocity in y -direction. Hence the
centre of mass moves along x-direction. The velocity of centre of mass after the collision is
2MXiV+MX2V 25 5 5
Viem = > 10 _22y_>y and not 2v Also the linear momentum before collision is
3M 30 6 2
25

My = %MV and not

10
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10. Two small masses m and M lie on a large horizontal frictionless circular track of radius R . The two
masses are free to slide on the track but constrained to move along a circle. Initially the two masses are
tied by a thread with a compressed spring between them (spring of negligible length being attached

with none of the two masses). The compressed spring stores a potential energy U, . At a certain time

t=0 the thread is burnt and the two masses are released to run opposite to each other leaving the
spring behind. The total mechanical energy remaining conserved. On the circular track the two masses
make a head on perfectly elastic collision. Take M =2 m for all calculations. Which of the following
option(s) is / are correct? [NSEP-2021]

(A) The angle turned by mass m before the collision is 6 = 4§

,4U
(B) The velocity of mass m on the track is u=,|—>

3m

(C) The time taken to collide for the first time is t; =2nR %

0

2
(D) The time taken for the second collision is t, =2nR %

0

Ans. (ABC)

Sol. When the masses are released, they move in opposite direction with equal momentum i.e.,
mv+MV=0:>V=—mVV... (1)

Numerically V = my
M

Let the two masses collide for the first time after time t and the mass m turns through angle 6

2 —
during this period then t = R © or
e @,
2n-0)R

tze_R:u:{lgjeﬁ

v v A\ v
Substituting the value of v,
we obtain 0= 2iM_ dn

m+M 3

if M=2m.

2
Also Energy conservation provide that %mv2 + %MVZ =U, or %mv2 +%M(ﬂj =U,

M
or lmvzl:l_;’_m:l:Uo :V: 2MUO :\/4U0
2 M m(m+M) 3m

if M =2m Thus the time taken for first collision is

(LOR_4mR oM
v 3 4U, 3U,

3m

Lastly the time taken for the second collision must be just double of it and not

R |20
3U,
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11. Aball A (mass m, ) moving with velocity v experiences an elastic collision with another stationary
ball B (mass m, ). Each ball flies apart symmetrically relative to the initial direction of motion of
ball A, at an angle 6. Ratio of the masses of balls s [NSEP-2022]

m,
(A) 1+2cos6 (B) 2cos26 (C) 1+2cos26 (D) 1+cos26

Ans.
21

Sol. @———Ppoccccccccc@eocnmccnnccncccloncefracnnccnaannaa.

In vertical direction = m,v,sin® =m,v,sin0

S.mv, =m,v,

Ly vy

‘m, v,
In horizontal direction
= m,;v+0=m,v,cos0 +m,v,cos0 .. (2
Also K.E is conserved as the collision is elastic,
.'.%mlv2 =%mlvl2 +%mzvg ... (3)
From1 & 2
m,v=2m,v,cos = v, =——
2cosH

m,v, m;v

And v, = =
m, 2m,cos0

- om (3), (4) & (5)

2 2.2

m,v m,m;v 1 m m

=mVv’ = 21 =l 1+—L |=> —L =4cos’0—1
4cos°0  4mjcos 0 4cos°0 m, m,

m 1+ 2c0s20
m,

12. A number n of identical balls, each of mass m and radius r are stringed like beads at random
and at rest along smooth, rigid horizontal rod of length L mounted between immovable supports;

% is small but not negligible. [NSEP-2022]

S

Collision between balls, or between balls and supports, are perfectly elastic. One of the balls
struct horizontally so as to acquire a speed v . Resulting outward force felt by supports,

averaged over a long time, is

2 2 2 2
mv mv 2mv m
— (D)

2(1-2nr) (B) ( L

(A) 1- 2nr)
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Ans. (B)
Sol.  Total distance available for motion of beads =L —2nr
Change in momentum of a bead after collision =2mv

Avg time b/w tow collision with one of the supports

2(L—2nr)
avg:f
2mv mv’
Fav = =
¢ 2(L-2nr) L-2nr
v

13. A small block A of mass 2 kg is attached to a spring of force constant 1200Nm ™' and rests on a

smooth , horizontal surface at x =0 as shown in figure. A second block B of mass 1 kg slides

1

along the surface towards A at 6 ms™ and sticks to it. Assuming that the collision occurs at t=0,

position x (in meter) of block A as a function of time t is expressed as [NSEP-2022]
A
erBl
X
|
x=0
(A) x=0.173c0s20t (B) x =0.1cos40mt
(C) x= —0.173sin%t (D) x =0.1sin20t
Ans. (D)
Sol. o= k = \/1200 =20rad /s
(mA+ms) V2+1

mg /vy 1x6

When B stick to A,v. = =2m/s

m, +mg S 2+1
We have, V, = Ao where A is amplitude
=2=Ax20=A=0.1m

As the combined mass is merging initially towards -ve x -axis, from x =0

x = —Asinsinot = x = —0.1sinsin20t

14. A deuteron of mass M moving at speed v collides elastically with an a - particle of mass 2 M,
initially at rest. The deuteron is scattered through 90° from initial direction of its motion with
speed V,; while the o -particle is scattered with speed V, at an angle 8 from the initial direction
of motion of deuteron. Then [NSEP-2023]
(A) 6=30

(D) a fraction % of energy of deuteron is transferred to o particle
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Ans. (ABCD)
Sol. From LMC
In x direction, MV =2MV,_cos0

:>Vacos9=§ (1)
In y direction, MV, =2MV,_sina
:Vusinﬂz% -(2)

From K.E. conservation

Iavve = Lvve + le(vjcosze +V,sin’0)
2 2 2

2 2
Iave =1MV(§+M VN
2 2 4 4

MV?  3MVd’
4 4

Q +91-7737432098 & www.acadxl.com < Contact@acadxl.com ) @AcadXL-09 8



http://www.acadxl.com/
http://www.youtube.com/@AcadXL-09
https://www.acadxl.com/
mailto:Contact@acadxl.com

NSEP AcadXl

RIGID BODY DYNAMICS

1. Consider two point masses m, and m, connected by a light rigid rod of length r,. The moment
of inertia of the system about an axis passing through their centre of mass and perpendicular to
the rigid rod is given by [NSEP-2017]
(A) s (B)
2(m, +m,) m; +m,
2 2

Q) mrg (D) wrg
m, +m, m, +m,

Ans. (B)

Sol. pr,’

2. In the following arrangement the pulley is assumed to be light and the string inextensible. The

acceleration of the system can be determined by considering conservation of a certain physical
quantity. The physical quantity conserved and the acceleration respectively, are =~ [NSEP-2017]

@

|::|1kg

2l
T D

(A) Energy and g/3 (B) Linear momentum and g/2
(C) Angular momentum and g/3 (D) Mass and g/2
Ans. (A)

Sol.  No dissipative forces so total mech energy is conserved

(3+1)gx—2gx=%(3+1+2)v2

= 2gx =3V
— 2gv=6v I
2dt

dv g

= =
dt 3

3. A uniform solid drum of radius R and mass M rolls without slipping down a plane inclined at
an angle 6. Its acceleration along the plane is [NSEP-2018]

(A) %gsine (B) %gsine © %gsine (D) ggsine

Ans. (C)
Sol. a-_ 209
1+(k*/R?)
_gsin® _ 2gsin0
1+1/2 3
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4. A string of length ¢, tied to the top of a pole, carries a ball at its other end as shown. On giving
the ball a single hand blow perpendicular to the string, it acquires an initial velocity v, in the
horizontal plane and moves in a spiral of decreasing radius by curling itself around the pole.
Therefore, [NSEP-2018]

I
(A) The instantaneous centre of revolution of the ball is the point of contact of the string with the
pole at that instant.
(B) The instantaneous centre of revolution of the ball will be fixed at the point where the string
as initially fixed.
(©) The angular momentum of the system will not be conserved.
(D) The angular momentum of the system will be conserved.

Ans. (AC)
Sol. Torque of mg is not zero m the plane perpendicular to it. Therefore angular momentum

component in that plane is not conserved.
The Instantaneous axis revolution is instantaneously at rest.
. A is correct

3
N
Y
™
m
mg
——
5. A large horizontal uniform disc can rotate freely about a rigid vertical axis passing through its

centre O. A man stands at rest at the edge of the disc at a point A. The mass of the disc is 22 times
the mass of the man. The man starts moving along the edge of the disc. When he reaches A, after
completing one rotation relative to the disc, the disc has turned through.

[NSEP-2019]

(A) 30° (B) 90° (©) 60" (D) 45°
Ans. (A)
Sol. v :vel of man wrt disc v

2
v—oR =11oR m
oR = X
12
2R
t=""
A%
6=0)t=0)2n—R=E=E=30°
v 12 6
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6. A uniform circular disc rotating at a fixed angular velocity ® about an axis normal to its plane
and passing through its centre has kinetic energy E. If the same disc rotates with an angular
velocity 2m about a parallel axis passing through the edge, its kinetic energy will be:

[NSEP-2019]
(A)2E (B)4E (C)10E (D)12E
Ans. (D)
P>
Sol.
E=—lo’
k jt )
\
_——/
E'= l(1')(2 )’
2
1(3mR2)4 2
B 202
E  1mR? ,
22 °
E'=12E
7. A star undergoes a supernova explosion. Just after the explosion, the material left behind forms a
uniform sphere of radius 8000 km with a rotation period of 15 hours. This remaining material
eventually collapses into a neutron star of radius 4 km with a period of rotation.
[NSEP-2019]
(A)14s (B)3.8h (©)0.021 s (D) 0.0135 s
Ans. (D) o1
Sol. L, =L;

m2

Q&
Lo, = Lo, S '
= nglzcol =ng§co2 . @
5 5
T, (R,Y
—~2_| X2
Tl Rl

2
[ % ) % 15%60%60=0.013500
28000
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8. A solid hemisphere is cemented on the flat surface of a solid cylinder of same radius R and same
material. The composite body is rotating about the axis of the cylinder of length ¢ with angular
speed ®. The radius of gyration K is [NSEP-2019]

N

4
/

4
N~
(A) R 3(15R+8Ej (B) R i(15€+8RJ © R 1(15R+85j (D) R i(3ﬂ+2Rj

‘\/5 3R +2/ 10\ 3/+2R 10\ 3R +2/ 10\ 15/ +8R
(B)

2 2
Sol.  The mass of the composite system is M = gnRSp +nR*(p= EnR3p(1 + %J

Ans.

2 2 1 4 15¢
The moment of Inertia is [= 3 X 571:R3’pR2 + EnszpRz = —nRSp(l + ij

15 8R
8R +15¢
;L_TcRsp(l+18;£j 1[( T )(2R+3E)
using now I=MK* we get K = =R
2 .3 ( 3f) (2R +3¢)
—7nRp| 1+ —
9. A circular disc of radius R =10 cm is uniformly rolling on a horizontal surface with a velocity

v=4ms~' of centre of mass without slipping, the time taken by the disc to have the speed of point
A (which lies on the circumference) equal to the present speed of point B (point B lies midway

between centre and the point A ) is [NSEP-2021]
A
(A) t=0.025s (B) t=0.036 s (C) t=0.046 s (D) t=0.064 s
Ans. (B)

Sol.  Under the conditions of pure rolling of the disc, the velocity of the point A (at the top) on the

. . . . L R
circumference is v+ @R =2v where as the velocity of point B at half the radius is v+ 0= %V

Let the final speed of point A becomes %V after turning through an angle ¢ then

%V = \/V2 +®’R? + 2voRcosp = \/V2 +v? +2vicosh = % =2+ 2cosd or

:>§: 2+2| 2cos* -1 =2cos$ or cos$=§:>¢=82.82°
2 2 2 2 4

Further if T= 2R be the time period then by simple unitary method time taken to turn through
%

¢ 2mR

$=82.82" is t=——x"—=0.036 s
360

A\
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10. As shown in the figure, a particle of mass m=10"" kg, moving with velocity v,=10" m/s
approaches a stationary fixed target with impact parameter b from a large distance. If the fixed

rigid target has a core with repulsive central force F(r)=— where constant K >0 and the particle
r

scatters elastically. The closest distance of approach (if numerically K =b* ) is [NSEP-2021]

m

~

(A)b (B) by/2 (C) b3 (D)2b

Ans. (B)

Sol. At the point of closest approach (distance) the particle will have tangential velocity expressed as
v, =wd=0d By conservation of angular momentum

mvbzlwzmdzézézmzs—];

This being a case of elastic scattering, the conservation of energy provides

lmV2 +O=lrnd20)2 —I%-dr:va =md’w’ +£2 PE=—f53dr=£2=£2

2 2 r d r 2rr 2d
2

Thereby mv* =md® (Z—E) + d_Kz = (mvzb2 + K)d—l2

Substituting m=10""Kg, v=10’ms™' and numerically K =b*

we obtain d* =(mv2b2 +k) ! ~=2b’=d =b\2
mv
11. A solid cylinder of mass m is rolling without sliping on a rough horizontal surface, under the
action of horizontal force F such that the line of action of F passes through centre C of the
cylinder. Choose the correct alternative. [NSEP-2022]

(A) Acceleration of centre of cylinder is L (B) Frictional force on cylinder acts forward

m
(C) Magnitude of friction force is ? (D) None of the above.
Ans. (C)
Sol.  Let's calculate Torque about C,
t=Ia

Assuming radius of cylinder to be R,
F
Rf = (l mR’ j o
2

f :%mRoc ( a= Roc)

It
o

1
2ma 1)
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In translatory motion,
E

net
F—f=ma
From eqn. (1)

=ma

F—lma:ma
2

F=—ma
2

2 F

—a=——-o

3m

= friction force, f = %F

= friction acts backwards.

12. In a certain machine two steel plates are separated by a hardened steel cylindrical roller (see fig).
In operation, the plates move back and forth horizontally, perpendicular to the axis of roller, and
the roller rolls freely between plates without slipping on either one. At a particular instant plate

A is moving with a speed of 18 cmsec™' to the right and an acceleration of 30 cm sec™ to the left,

and the plate B is moving with a speed of 6 cmsec™ to the to the right and an acceleration of

8 cmsec ™ to the left. At that instant, for the roller [NSEP-2022]
A <«——>»

W . . . . . . . . . . %

4cm

B €*——>
A) Its angular speed is 3 rad sec™ clockwise

B) Its angular acceleration is 6 rad sec™> clockwise

D) The linear acceleration of its axis is 20 cmsec™ towards left

Ans. (AQ)
Sol. agz=8cm/s’ 4" BMUA = 18cm/s

Vv, =18i f

4cm

(
(
(C) The linear speed of its axis is 12 cmsec™' towards right
(
(

Vo =6i

Let the velocity of Cis Vi and angular velocity about C is B <€ pz==6cm/s
. ag = 8cm/s?
o4

From the condition of pure rolling,
v, =V, +oR

Vo =V, —0OR

R =2cm (given)

Vo +20=18

V,-20=06
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Ans.
Sol.

=>v, = 12 9 =3rad /s (clockwise)
S

Let the acceleration of C is a,i and angular acceleration about C is o (—kj

a, ( tangential acceleration of p)=a,
dq ( tangential acceleration of Q)=4a,
a, =a.+Ra
ag, =a, —Ra
a,+2o0c=-30

a,—2o0c=-8

=a, = 19(—ijcm/s2

oc= l—l(kj cm /s>
2
Correct option: (A), (C)

A long uniform rod of length L and mass M is pivoted vertically on a horizontal, friction less
pivot at its lower end. The rod is released from rest in its vertical position OA (see figure). It falls

off without slipping at O. At the instant the rod is horizontal, [NSEP-2022]

N
All7=~

-

0
. |3g
(A) Its angular speed is —

3g

(B) Magnitude of its angular acceleration is

. . _ g . . o
(©) Acceleration of its centre of mass a_, = _Ig j(j unit vector in Y direction)

(D) Reaction force at pivot % j (Take X,Y axis as shown)
(AB)
According to conservation of total mechanical energy at vertical and horizontal position
Mgh =—| o’
MgL 1ML ,
2 2 3
BRI
L
S e
L

. Option A is correct.
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Torque about 0 at horizontal position

L{ >\
mg—| -k [=la
gz( j
- 2
MgE k|=ME 2y :>|0L|=3—g
2 3 2L

. Option B is correct.

Centre of mass has two acceleration components. One in downward direction and other towards centre.
L 3

a,=o—= 2E
2 4

L( . . .
a, =0 ?(—1j (centripetal acceleration)

. Option C is incorrect.

Taking two component of reaction force at point

Mg-F =M,
F,=Mg-ma,
3mg mg
F = E—
yTHETTTT,
— . mg
Fy = TJ
F =Mo’ L
2
P, L 3Me
L 2 2
L (—i)
2
. Option D is incorrect.
Correct option (A, B)

14. A thin uniform rod of mass M is bent into four adjacent semicircles of radius of curvature R lying
in same plane. Moment of inertia of the bent rod about an axis through one end A and
perpendicular to plane of the rod is [NSEP-2022]

A
17 2 2 2 43 2
(A) MR (B) 44MR (C) 22MR (D) — MR

Ans. (C)
Sol.  If we complete all the semi-circular rings into a complete ring then moment of inertia about given
axis will be

1= Mp2 Mp2y (Mgo +M(3R)2 [ Mge +M(5R)2 L[ Mg +M(7R)2 = 44MR?
2 2 2 2 2 2 2 2
All the rings are half so desired moment of inertia is

I, = 1 _oomr?
2
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15. A particle of mass m is revolving in a horizontal circle on a frictionless horizontal table with the
help of a string tied to it and passing through a hole at the center of the table. Two equal masses
M are attached to the other end of the string as shown. If one of the hanging masses M is removed
gently, the radius of the circular motion of m [NSEP-2023]

—————
- -

-

A) decreases by a factor 1.414
B) increases by a factor 1.260

D) does not change because of the conservation of angular momentum.

B)

(
(
(©) increases by a factor 1.414
(
Ans. (

2
Sol. 2Mg= mVv;

1

2
_ mV,

Mg

16. A lawn roller is a solid cylinder of mass M and radius R . As shown in the figure, it is pulled at
its center by a horizontal force F and rolls without slipping on a horizontal surface. Then the
[NSEP-2023]

<M

(A) Acceleration of the cylinder is %
(B) Force of friction acting on the cylinder is 2_1\F/[

(©) Coefficient of friction needed to prevent slipping is at least

Mg

(D) Minimum coefficient of friction to prevent slipping is M
g
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Ans. (C)

v
n

Sol.

Wimin = M

17. A can is a hollow cylinder of radius R and height h. Its ends are sealed with circular sheets of the

same material. The can is made of thin sheet metal of areal mass density G(kg / mz) . Moment of

inertia of this closed can about its vertical axis of symmetry is [NSEP-2023]

]
]
]
]
]
]
]
]
]
L
]
"

(A) nR’c(h+2R) (B) nR’c(h+R)
© nR3G(2h+R) (D) 2nR3G(h+R)
Ans. (C)
Sol. Moment of inertia of can is summation of moments of inertia of 2 disc & one hollow cylinder

about the same axis.
2

.-.1:2[ m';R jﬂnch —)

Now my, =c6.mR* & m.. =c.2nRh
- I=onR*+20nR> h
~I=onR*(R+2h)
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