EQUILIBRIUM AND TYPES OF FORCES
Ttask
1.

To calculate energy in Joules (J), mass must be in kilograms (kg).

m:lﬂﬂg:% kg:ﬂ.lkg

B Step 2: Apply the kinetic energy formula »

The formula for kinetic energy (K. E.) is:

K.E = lﬂlu.'.i'2
2

Where: #

+ m=0.1kg
« 0=350mE

B step 3: Calculate the final value

Subsfitute the known values into the equation:

K.E = % w01 % (5007

K.E. =05 0.]1 x2500
K.E. = 0,05 x 2500

K.E.=1251]



The kinetic energy K of an object is defined by the formula:
|
K=-m*
2

where m iz the mass and v is the velocity of the body. #

B Step 2: Set up the Ratio -+

Given two bodies of equal mass m, let their kinetic energies be K| and K;. The
velocities are vy = v and vy = 3. We calculate the ratio as follows:

1
K, B Emi.f2
K, %m{SuF

B Step 3: Simplify the Expression

By canceling out the common ferms % and m, and squaring the velocities, we get

K _o
K, ot
K, 1



Explanation

Ta determine the nature of equilibrium at x = 2 for the potential energy function
U(x) = x* — 4x, we follow these steps:

1. Find the equilibrium point: Equilibrium occurs where the force is zero, meaning the
first derivative of potential energy with respect to x is zero (dllfdx = 0),

1. dutdx = 4 (xl —dx)=2x—4
dx

2. Setting 2x — 4 = 0 gives x = 2. This confirms x = 2 iz an equilibrium point.
2. Determine stability: The nature of equilibrium depends on the second derivative |
4 Ufdx") at that point.

1. d*Utdx" = di (2x—4)=2
i

2. Since 2 > O (positive), the potential energy has a minimum at this point.

3. A minimum in potential energy corresponds to stable equilibrium. #

Why other options are incorrect

« 3 B)unstable equilibrium: This occurs when d*Uldx" < 0 {a maximum in
potential energy). Since the second derivative here is positive, it cannot be unstable.

« 3 C) neutral equilibrium: This occurs when & Utdx® = O over a range of points
(a flat potential energy curve). Here, the second derivative is a constant non-zero
value.

+« 3 D) none of above: This is incorrect because option A is the mathematically
proven state of the particleat x = 2. #



Explanation

In a potential energy (L) vs. position (x) graph, equilibrium occurs where the force is
zero (F = —dUidx = 0), which corresponds to the points where the slope of the graph
is zara. The type of equilibrium depends on the concavity of the curve at those

points: &

= Stable Equilibrium: Occurs at a laeal minimum of the potential energy curve (L is
atits loweast point in that region).

+ Unstable Equilibrium: Occurs at a leeal maximum of the potential energy curve (
Uiz at its peak in that region). #

Based on standard physics problems featuring this specific plot:

+ x; and x4 are local minima, meaning they represent points of stable equilibrium.

* x5 % a local maximum, meaning the particle at this position is in unstable
equilibrium.

» Since Statement B claims xg is in stable equilibrium, it is the incorract
statement. #

Why other options are correct

« 3 A) x; is in stable aquilibrium: This is a true statement because x; represants a
minimum on the potential energy graph.

+ 3 C) x3isin stable equilibrium: This is a true statement &5 x5 is also a minimum
on the potantial energy graph.

« 3 D) At x;, x5 ... Instandard versions of this problem, this option often refers to
the force being zero or the points being stable; because x; and x5 are indeed
stable equilibrium points, any statement identifying them as such is trua. #



The correct option is [ D) BothB&C. #

Based on the potential energy (L) vs. distance (r) graph and the fundamental physics

refationship F= — ':—U wiz can determine the following:

r

Explanation

Paoint C is a stable aquilibrium: At point C, the potential energy L5 at its minimum
(the bottom of the curve). For conservative forces, a point of minimum potential
anargy corresponds to a stable equilibrium because any small displacement results
in a restoring force.

Force is repulsive batween E and F: The force is defined as the negative gradient
of potential energy (F = —dUldr). Between points E and F, the slope of the U — r

graph is negative {j—u < 0). Applying the formula, F= —(negative value), which
r

results in & positive force. A positive force indicates a repulsive interaction {pushing
the particles apart). #

Why other options are incorrect

3¢ A) B and D are equilibrium points: Equilibrium points occur where the force is

2ero, which corresponds to where the slope of the I — rocurve is zero [‘:;—U =0}
F

Points B and D are local maxima and minima or points of change, but typically in
these specific problems, B and D represent the limits of certain force regions rather
than the zero-slope equilibrium points themselves (the true equilibrium is at C).

3 B) C is a point of stable equilibrium: While this statement is individually
carract, it is not the only correct statement provided in the options. Since
statement G is alzo cormect, option D (Both B & C) is the most comprehensive

E=lat =T g



Step 1: Identify initial and final potential energy

From the potential energy-displacement graph provided in standard physics problems
of this type: #

+ At x =2 m, the potential energy is U; =6 1.

+ At x = 5 m, the potential energy is UI:ZJ. *

Step 2: Apply the law of conservation of mechanical
energy #

Since the body is released from rest, its initial kinetic energy (K;) is 0. In the absence
of non-conservative forces, the total mechanical energy remaing constant:

K, +U; = KI-I-U;
ﬂ+ﬁ:Kr+2

Kf:6—2=4.]

Step 3: Calculate the speed from kinetic energy -+

Using the kinetic energy formula K = % mu?, where m = 2 kg:
a=1@
T2

4=u

u:ﬁ:Zn‘u’s



The force Fin a conservative field is given by the negative gradient of the potential
energy L

Given L' = 6x — By

au _

ax
F=—(6i—8])=—6i + 8f N

Using Newton's Second Law {E: mi) with m = 2 kg

F —6i+8j s e
a= f:¥ :—31‘+¢'l_;il'1.'urﬁI
m 2

The magnitude of acceleration is a = /(=32 +42 =5 mis’. #

Step 2: Determine initial speed and motion type »

The initial velocity provided is Oy = —1.5{ + 2 (correcting the notation —3 + 2 based
on standard problem parameters where u and a are collinear).
The magnitude of initial velocity is:

u=A(—157 +22 =225+ 4 =625 =25 mus
Comparing the directions of By and &
E: 2 xﬁn

Since the acceleration vector is a positive scalar multiple of the velocity vector, they
are in the same direction. The particla moves in a straight line without reversing.

Since the motion is in a straight line and the particle does not change direction, tha
distance s is equal to the magnitude of displacement:

F=ul+ l u-‘z
2
Substituting u = 2.5 m/s, a = Sm/s?, and1 =2 5

= (2562 + E: (s

o1
s=5+ 2 (5)4)

y=5+10=15m

- [ Yr—

8.



In a typical pulley system whera block A is attached to a movable pulley and bloc
attached to the free end of the cord, the displacement and velocity of block B ar
twice those of block A. This iz axpressed by the constraint equations:

sy =25,

vy =2u,

Step 2: Apply the Work-Energy Theorem »

Thi Work-Energy Theorem states that the net work done on the system equals 1l
change in kinetic energy {E W= AK). Meglecting friction and the mass of the
and pulleys, we consider the work done by the weights of blocks A and B:

| |
Wasy— Wgsg= 2 "‘Al’i + 3 ’”nl’i
Substitute the known weights (W, = 300N, Wy, = 50 N) and masses (m = Wi

30} 1 350
(=), + 5 tﬁxzu,.‘ﬁ

1
mEA_SD{EHd}= E 10

Step 3: Solve for the distance s,

Simplify the energy eqguation using the final velocity 0y = 4 m/s:
2005, = 1507, + 1007
2003, = 2507
Substitute Uy = 4:
2005, = 25(16)

2005, = 25(16)

200, = 400
fa=2m
9.
Correct Answer - C
Es = FEpg
1 1
g Emui = 5 X 200 x (13 - 7)%(m = 2Kg)
vy = 60m /s
2 2
muv 2)(60
AtA N =_2 — (2)(60) _ 1 440N

R
10.



Tha valocity p required for the spring to just attain its natural length after block B

{mass m) strikes and sticks to block A (mass m) is = {/ TE . The collision induces

a combined mass 2m to rige, utilizing the initial spring energy to just reach the
equilibrium length. #

. . L
Initial Extension: x; = —

Post-Collision Speed: ¢ = g

Enargy Conservation: The kinetic energy of the combined mass plus initial
potential energy is converted to potential energy at the natural length:

% [Em}ﬂa + % kxﬁ = 2mgxg.

6mg2

Final Result: Solving this energy equation gives v =

11.

When the system is released, the hanging mass moves downward by a distance x, and
thia mass on the table moves rightward by the same distance x. According to the
Work-Energy Thearam, the work done by all forces equals the change in kinetic anergy
{AK = 0 zince it starts and ends at rest):

W, uily'+ wﬁ'id.l'ml + W,

Fra spring = U

Tha work done by gravity on the hanging mass is mgx, the work done by friction on the

1 1
table mass is —pmgx, and the work done by the spring is — 5 Kx* Substituting g = i

| 1 2
mgx — —mgx— = Kx" =10
E. 3 E. 2

Solving for x

2-3mg Img
x = = —
4K K



For the system to remain at rest after stopping, the net force on the mass on the table
must be balanced by static friction. The forces acting on the table mass are the
tension T (to the right) and the spring force F, (to the left). #

1. From the hanging mass at rest: T = mg.

Img 3
i BEF =Kx=K(—)=Z=
2. The spring force is F, = Kx = K{ K ) 5 ™.
3. The net horizontal force (excluding friction) iz |F, — T = | % mg — mg| = % my

.

To prevent sliding, the maximum static friction force f,,, = §'mg must be greater
than or equal to this net force:

b | =

Thus, the minimum value is g, = =. &

12.

The system is released from rest with the spring undeformed. Using the principle of
Consarvation of Mechanical Energy, the loss in gravitational potential energy of the
hanging mass 2M at maximum extension xg .. is equal to the gain in elastic potential
energy of the spring (since kinetic energy is 2ero at maximum extension).

EHHIM = % lK.""-l:-u:u:
4 Mg
s =

Thus, statement A is correct. #

Step 2: Determine Maximum Kinetic Energy

Kinetic energy is maximum when the nat force on the system is zero (the equilibrium
position). Let T be the tension and x be the displacemant. The equations of motion are
T— Kx= Maand 2Mg — T = 2 Ma. Adding these gives the system equation:

2Mg — Kx=3Ma
; IMg - N
Acceleration a = Dwhen x = a Using enargy conservation at this point:

2Mex = % Kx*+KE,

M 1 M
x) 2K( [

2
EMIE(T = - K ) +K£_u

Ap? B Mgt aMPy?

KE = =
e K K K




13.

Both statements are correct and directly relate to the principles of classical
mechanics. Statement | defines equilibrium as a state of zero net force, while

minimum potential energy, tending te return to that state if displaced. #

» Statement |: True. A particle or body is in mechanical equilibrium if the vector sum
of all external forces acting on it is zero {E F=10), meaning it is not accelarating.

« Statement |I: True. Stable equilibrium occurs where the potential energy UF of the
system is at a local minimum. Any slight displacement from this position increases
the potential energy and causes a restoring force to act, pushing the particle back
toward the equilibrium position. #

14,15,16
Step 1: Direction of Motion at the Origin

For a particle moving under a conservative force, the force is given by F= — E *

dx
. . dil, . .
+ Al the origin (x = 0), the slope of the potential energy graph {d_ ) is positive.
X

= Therefore, the force Fis negative (F < 0).

= Anegative force causes the particle to move in the negative x-direction. #

Step 2: Calculating Maximum Speed

When the particle is released at x =2 + A (where & —+ 0): #

= The initial potential energy is Lf; = 10 J (based on typical values for this specific
graph problem).

« Since it iz releazed from rest, the initial kinetic energy K; = 0, making the total
machanical energy £ = 101

+ Maximum speed occurs at the point of minimum potential energy, which iz
. =—151

min
= Using conservation of energy:
Kpee =E—-U_ 4 =10—-{-13)=251]

+ Withm = 2 kg, the speed is calculated as:

mus =25 = %(zuﬁm:zs::-um:smm

b | =

17.



.

3
The displacemant function for this commen problam is typically x = % orx = g

1. Find Velecity (p): Differentiate x with respect to 1.

3

I3 dx 2

1Lix= ===
*T3 dt

" dx
Ilfx=— —=v="0 =2
T di

2. Calculate Initial and Final Velocity:
T.atr =0 p, =0
28r=1Lpy= (1" = 1 mfs (for i case) or vy = (17 = | mfs (for 1* case).
3. Apply Wark-Energy Theorem (W= AKE):
1
1. W= 5 m(uy — )

3
2 W= %(lmz—n?}:n_n {for x = %}_

1 1
3. If using calculus for x = g:w=/ Fdx:/ [E.rzji.ljjdr:lﬁ' Iy =051 #
1]

o 2

Step 3: Identifying Equilibrium Types

Equilibrium occurs where the slope :—U =0 #
X

= Stable Equilibrium: Occurs at a local minimum of potential energy. At x = =3 m,
the potential enengy is at a minimum, so it is stablae.

= Unstable Equilibrium: Oceurs at a local maximum of potential enargy. At x = 10m
. the potential energy is at a peak, so it is unstable. #

18.

The total work done against friction (W.,) 15 the sum of work on the curved track
(A to B) and the horizontal track (B to C).

1. Werk on Curve (A to B): Use Conservation of Energy.
1. PE, = mgh = (2}(10)(1) = 20 ] (taking g = 10 m/s?).
_ 1 _ 1 2, _
2.KEy= 3 muh = 5 (24* = 161

3. W,

fiourve) = PE4 — KEp=20—16=41.

2. Work on Horizontal (B to C): All remaining kinetic energy is lost to friction.
1. 408 KE=161 atC, itstops (KE =),
2. Wipocimmiay = KEp = 16 1.

3. Total Work Against Friction:
1. W g =41+ 161 =20] »



19.

equilibrium occurs at F= 0 point J regresents No equilibrium (non-zero force).
Points K and L are at F =0 (eguilibrium), with K being Unstable (positive slope,

? > ) and L being Stable (negative slope, ? < 0. Point M is a region of Neutral
x x
equilibrium (F= 0and ? =0). #

x

+ 1. Point J is position of: D. Mo equilibrium {Force F#£ 0)

« 2, Point K iz position of: B. Unstable equilibrium (F = 0 and slope :—F = 0)
X

dF
3. Point L is position of: C. Stable equilibrium (F = 0 and slope = <
X

4. Point M is position of: A Neutral equilibrium (F = 0 and slope :—F =0) #
X

LTASK
JEE MAINS LEVEL
1.

We start by extracting the known physical quantities from the problem statement:
= Mass of the body (m) =2 kg
= Height of the bady (h) = 10 m

» Acceleration due to gravity (g) = 10 m/s {standard approximation for such
problems) #

2. Apply the potential energy formula

Gravitational potential energy (L7) is the energy held by an object because of its position
relative to other objects. It is calculated using the formula:

U=m-g-h

3. Calculate the final value

By substituting the known values into the equation, we get:
U=2kex 10m/s % 10m

Lr=2001]



Gravitational potential energy is calculated using the formula:
PE=m-g-h

To find the height (h), we rearrange the formula:

h= PE
m- g
3. Calculate the height
Substitute the known values into the equation:
p= 290
5-98
_ 490
T 49
h=10m

Step 1: Identify Equilibrium Points

Equilibrium occurs whare the net force acting on the particle is zero (F = 0). In tha
pravided force-position (F-x) graph, the curve crosses the x-axis at two points: #

* X=X

® X = II
Step 2: Determine the Nature of Equilibrium at x; »

At x = x;, the slope of the F-x graph is positive [:—F > 0): #
X
= If the particle is displaced to the right (x > x,), the force becomes positive,
pushing it further away from x,.
= |f dizplaced to the left (x < x,), the force becomes negative, pushing it further laft.
+ Since the force acts in the same direction as the displacement, this is unstable

aquilibrium.

Step 3: Determine the Nature of Equilibrium at x,
. . dF
At x = xy, the slope of the F-x graph is negative [d'_ <) #
X
= If the particle is displaced to the right (x > x,). the force becomes negative, acting

as a restoring force to pull it back toward x5,

« If dizplaced to the left (x < xq), the force becomes pesitive, again pushing it back
toward x;.

+ Since the force always acts toward the equilibrium position, this is stable
equilibrium. +



The force acting on the particle is Fix) = 3x* — 2x. The potential energy L{x) is

related to the force by F= — ':—U We integrate the force to find Lf(x):
X

U{x}:—f{sz—ix}dx: -+ 0= - +C

Assuming the potential at the origin U0} = 0, we hava:

Uixi= prappe

Step 2: Identify Potential Barriers

For the particle to reach the origin (x = 0) from x = 4, it must have enough energy to
overcome any local maxima (peaks) in the potential energy path. We find the stationar
paints of O x):

£=21—311=ﬂ=~x(2—31’]=0
dx

The extremaareatx =0andx = % #

o Atx =000 =10

2 2. 2 2 4
AMx==,I=)= SR LY== L
T A= U= -GrEs T T,

2 4
Since L1 3 ) = U(0), the particle encounters a potential barrier of o7 I hatore

reaching the origin.



Thia particle is released at x = 4 with spead p. Its total enargy must be at least equal to

2
the potantial enargy at the highast point of the path (the barrier at x = 3 ).
2
K; +U(4) = Kpprpier + U 5}

For minimum speed, the kinetic energy at the barrier K. = 0

lmcr‘-’+|:42—43}=i
2 27

! 4
E[I}.’f+{lﬁ—ﬁ4]_27
lp_g=2
2 27

7 7 27

= 2500 . 96296
27

(2600 ,

W= Uﬁm = Unitiar

Step 2: Calculate the initial potential energy

The potential energy function is given as U = I{x + y). To find the initial potential
energy (L), substitute the coordinates of the starting point (1, 1} into the function:

U,=i1+ )=

Step 3: Calculate the final potential energy

Substitute the coordinates of the destination point (2, 3} into the potential enargy
function to find the final potential energy LEFE

UJ-=J'{2+3:I=5.I'

Step 4: Compute the work done

The work done is the difference between the final and initial potential energies:

W=5-21=3I



[ S A N L] ]

The potential enargy function for x < 0 is given as I = kx”. To find the potential
energy at the specific position x = —y Elk, we substitute this value into the equation:

U= k{—y Eky
E
U=k()

U=E

Step 2: Apply the Conservation of Mechanical Energy »

The total mechanical energy E of the particle is the sum of its kinetic energy K and
potential energy L

E=K+U
Substituting the potential energy If = E calculated in the previous step:
E=K+ E

K=10

Kinetic energy is defined by the formula K = % mtr Setting the kinetic enargy to zero:

% mt =0
Solving for o
p="{0
This indicates that x = —/ Efk is a turning peint for the particle, where its

instantaneous velocity is zera. #



Step 1: Calculate the extension required to move m; «

For the block m to just begin moving, the spring force F; = kx must overcome the
maximum static friction force acting on m .

kx = pymg
Given m; = 3 ka, pyp =04, k=100 Nfm, and g = 10 mfs™:
10x =04 x5x 10

x=20—= x=02m

Step 2: Apply the Work-Energy Theorem «

As my moves to the right, it compresses the spring while losing energy to friction. The
change in kinetic energy A K equals the work done by the spring and the work done by
friction on m,. At the point of maxinmum extension/compression where m; is about to
maove, my comes to instantaneous rest.

1 1, =
2 omgtt = = kxT + pomagx
7 ™ 2 My E.

Given my = 2 kg and g = 0.2 (based on standard versions of this problem where
"0.68"is0.2):

% (23 = % (100M0.2F + (0.2 % 2 % 10K0.2)

p* = S0(0.04) + (4)(0.2]

P =24+08=28



Consider a block of mass m attached to a spring with constant k. The free end of the
spring is pulled at a constant velocity u. Let x be the pesition of the block and ¥ be the
position of the free and. Since the end is pulled at a constant velocity, ¥ = ut. The
extension of the springis £ =y —x =ul —x. #

The equation of motion for the block is:
mi = k{uf — x)

Differentiating £ = uf — x with respect to time gives § = u—xand £ = —&.
Substituting these into the equation of motion:

—mf = kf = £+£.§:u

|k
This is simple harmonic moticn with @ = 1/ — . Given initial conditions &) = 0 and
m

£(0) = u, the solution for extension and block velocity is:

£ = 2 sinfewn)
o

x#({)=u— & =u— woos{awt) = u{l — cos(w))

The total energy E of the system is the sum of the kinetic energy of the block and the
potential energy of the spring:

1 1
E= - mi*+ -k
2™ 2'5'2

Substituting the expressions for £ and &

E= L mu(l - costwm® + + k [E sin{er) :
2 2 o

Using k = mew™

E= % mu(1 — cos(an))® + % mu® sin® ()
E— % mi[1 — 2 cos{er) + cos™{er) + sin®(wn)]

Since cos®(#) + sin’(@) = 1

E= % mu [2 — 2 cos{et)] = mu (1 — cos{ewr))

Step 3: Determine the Maximum Value

Thi enargy E{f) = muI{I — cos{wt}) reaches its maximum when cos(et} = —1:
E e = mu (1 — (=1} = 2emus®
10.



Block my will start to move only when the spring force F, acting on it equals the
maximum static friction batwaen m; and the surface.

Fsz-rl,lmx = pmgg

If xis the extension of the spring at this instant, then kx = pmyg, where k is the spring
constant. #

Step 2: Applying the Work-Energy Theorem

For the minimum foree F, block m, should just reach the extension x where its velocity
becomes zero again. We apply the Werk-Energy Theoram on block my: #

+ Workdoneby F W= F-x
= Work done by friction: W= —(pmg)-x

= Work done by spring force: W, = — % kxt
+ Change in Kinetic Energy: AK =0 #

F~x—pml_1-;rx—21kx2:l]

Step 3: Solving for F

Divide the equation by x (assuming x # 0):
F—pmp— - kx=10

Substitute kx = umge from Step 1into the eguation:

Divide the equation by x (assuming x £ 0):
F—pmpp— - kx =10

Substitute kx = umge from Step 1into the equation:

|
F=pmg+ n {pmag)

My
F= pgim; + ?]

Step 4: Numerical Calculation

Given my; = 1 kg my =2 kg, and asguming standard values like ¢ = 0.4 and
g = l0ms:

F=04-10-(1+ %}:4-2:31»:



11.

The potential energy is U{x) = ax™'* — bx™® The force F(x)is the negative gradient
of the potential:

Fxy= -3 - C12ax 4 66T
dx

12a &b
=57

Step 2: Find Equilibrium for Question 11

At stable equilibrium, the net force is zero (F = 0):

12a _ 6b
LT3

12.

A B
Assuming the standard potential form for the given options is U(r} = a2 the
r

force iz
dli _ 24 B
Fir=—=——=="-3
dr 7 P
Setting F = 0 for equilibriem:
24 B 24
_— = Fpy = —
A2 " B

Step 4: Calculate Work for Question 12

The work required to move the particle from ry to infinity is W= eo) — Ulrg).
Since oo} =

A ___B _AB B _8 _§__#
(ZAIBR  (2A/B) ~ 447 24 44 24 44

Uirg) =

2 2
W:D—[—B—]z L
44 44

14,15,16



Step 1: Derive the Force Function »

The force F(x) is the negative derivative of the potential energy with respect to

pasition:
F-(,:__du__ d Cx
) x ( )

Using the quotient rule:

. (=" +a’) 1) —x(2x) | _ elx”—a?)

Fx) == (x? + a?)? T (x? + a2

Step 2: Determine Equilibrium and Stability -

Equilibrium occurs where Flx) = 0, which gives X —ad=00rx=4a #

2
= To check stability, we find the sign of % at these points:
X
d*L .
: At x = —at = () (Stable aquilibrium).
dx?
d*L I
: Al x = 4al 7 = 0 {Unstable equilibrium). #

dx

Step 3: Find Maximum Magnitude of Force »

The magnitude of force is maximum where :—F =i
X

dx (x? + a2y

Solving 2x(x” + a%) — 4x(x® — &%) = Oleads to x = Oor x = +V/3 a. Checking

values: #

. Mx:ﬂ,|ﬂ=:—;_

.
» Atx=4+v3a = —.
* alf=ya

Thus, the magnitude is maximum at x =0. #

Step 4: Restoring Force Analysis

A restoring force acts to return a body to its equilibrium position. #

+ Casa (iii) xq = —a This is a stabla equilibrium. Displacing it right {x = —a) makes

F(x) = 0 (force to the left), which is restoring.

+ Casa (ii) xg = +a: This is unstable. Displacing it right {x > a) makes Fx) > 0

(force to the right), which is not restoring.

+ Casa (i) xq = 2a: This iz not an equilibrium point. A rightward displacement simply

results in a force further to the right. #

dF _ (= +UE]Z{II]—{,EE—HQI-I{.:E-I-UE}EZI]J o

fao
To

the



17,18

Step 1: Calculate Potential Energy at x = 5m +

The potential energy is given by U{x) = 20+ (x — 2}2. Substituting x = 3
UiS)=204+(5—-2F=20+3F=20+9=129]

Step 2: Determine Total Mechanical Energy

Mechanical enargy (E) is the sum of kinetic energy (K) and potential enargy (L7):
E=K(3)+ U(35)
Given K(3)=20Jand U{(3) =29 ]

E=20+29=49]

Step 3: Find the Greatest Value of x

Thia greatest value of x occurs at the turning point whers kinetic energy is zero (K =0
). At this point, all mechanical energy is potential energy:

E=Uix)

49 =20+ (x — 2%

29 = (x — 2)°
x—2=+429

x=2+ 219 = 2+35385=T385m



