FALL TERM EXAM, PHYS 1211, INTRODUCTORY PHYSICS I
Tuesday, 10 December 2019, 9 AM to NOON, Field House Gym

NAME:

STUDENT ID:

INSTRUCTION
1. This exam booklet has 12 pages. Make sure none are missing
2. There is an equation sheet on page 12. You may tear the equation
sheet off.
3. There are two parts to the exam:
e Part I has twelve multiple choice questions (1 to 12), where
you must circle the one correct answer (A, B, C, D, E).
Rough work can be done on the backside of the sheet
opposite the question page
e Part Il includes eight full-answer questions (13 to 20). Do all
eight questions. All work must be done on the blank space
below the questions. If you run out of space, you may write
on the backside of the sheet opposite the question page.
4. Non-Programmable calculators are allowed
5. Programmable calculators are NOT ALLOWED.




PART I: MULTIPLE CHOICE QUESTIONS (question 1 to 12)
For each question circle the one correct answer (A, B, C, D or E).
1. (2.5 point) The airplane shown on 150km¢h
the right, is in level flight at an &g; ci—
altitude of 0.50 km and a speed of T
150 km/h. At what distance d
should it release a heavy bomb to hit
the target X? Take g = 10 m/s?. 0.5km
A) 150m; B) 295 m;

X

C)417m; D) 1500 m; YT TrTITrrrrrTrIrrTrrrinm
E) 15000 m. ANSWER: C, . d »

2. (2.5 point) The figure below shows
trajectories of four artillery shells. Each fired with the same initial speed. Which trajectory
remains in the air for the longest time? Circle the right answer. Hint: ask yourself how to
throw a ball so that it remains in the air for the longest.
A) B) 0 D)  E) All were in the air for the same amount of time.
ANSWER: A

A

3. (2.5 point) A 5.0-kg crate is resting on a horizontal plank. The coefficient of static friction
is 0.50 and the coefficient of kinetic friction is 0.40. After one end of the plank is raised so
the plank makes an angle of 30° with the horizontal, the force of friction is:

A)ON B)17N C) 20N D) 25N E) 49N
ANSWER: B

4. (2.5 point) Three blocks (A, B, C), each having the same mass M, are connected by strings
as shown. Block C is pulled to the right by a force that causes the entire system to
accelerate. Neglecting friction, the net force acting on block B is:

A B c _3‘)? A)0; B)F/3; C)F/2;
SN SR RARAAREEANNNASKSEN | D)2F/3; E)F ANSWER: B

5. (2.5 point) A 100-kg piano rolls down a 20° incline. A man tries to keep it from
accelerating, and manages to keep its acceleration to 1.2 m/s. If the piano rolls 5 m, what
is the net work done on it by all the forces acting on it?

A) 60J B) 100J C)600J] D) 1000J E)490)J ANSWER: C

6. (2.5 point) The work done by gravity during the descent of a projectile is:
A) positive B) negative C) zero D) depends on the direction of the y axis
E) depends on the direction of both the x and y axis ANSWER: A

.



7. (2.5 point) A force of 10 N holds an ideal spring with a 20-N/m spring constant in
compression. The potential energy stored in the spring is:

A) 0.5]) B) 2.5J) C)sJ D) 10J E) 200] ANSWER: B

8. (2.5 points) Two boys with masses of 40 kg and 60 kg stand on a horizontal frictionless
surface holding the ends of a light 10-m long rod. The boys pull themselves together along
the rod. When they meet the 40-kg boy will have moved what distance?

A)4 m B) 5m C) 6m D) 10m E) Need to know the forces they exert
ANSWER: C, Both boys will end up at the COM.

9. (2.5 points) A 0.3 kg rubber ball is dropped from the window of a building. It strikes the
sidewalk below at 30 m/s and rebounds up at 20 m/s. The magnitude of the impulse due
to the collision with the sidewalk is:

ANSWER: D, Ap = (0.3kg x 20m/s) — (—0.3kg x 30m/s) = 15kg- m/s
A)3.0kgm/s B)6.0kgm/s C)9.0kg'm/s D) 15kg:m/s E)29kg-m/s

10. (2.5 points) Below, the radius of a 3.0-kg wheel is 6.0 cm. The wheel is released from rest
at point A on a 30 incline. The wheel rolls without slipping and moves 2.4 m to point B
in 1.20 s. The magnitude of angular acceleration of the wheel is closest to:

rad rad rad
D) 7375 E) 8275

2.4m = 0.5at? - a =3.33m-s?
a = % = 56 % ANSWER: A

11. (2.5 points) The figure on the right
shows a meter stick is held at angle,
53.1°to the horizontal with one end on
the floor. It is then allowed to fall. com
Assuming that the end on the floor does
not slip, the speed of the other end just
before it hits the floor is closest to: 53.1°
A)7.77;  B)5427 C) 484~
D) 4.2 % E) 4.43 % , ANSWER: C
Mg(L/2)sin53.1° = (1/2)(ML?/3)w?, withv = wL, L = 1m, v = 4.84 m/s

2
Hint: Consider the stick to be a thin rod, [ = % and use the conservation of energy.

12. (2.5 points) A rod is pivoted about its center. A 5-N force is applied 4 m from the pivot
and another 5-N force is applied 2m from the pivot as shown. The magnitude of the total

torque about the pivot is: A)ONem B)5Nem

5N
- C)8.7Nem D) 15 Nem
. ' - -
(=]
30°_~"20m E) 26 Nem

Take CCW as +: 7t = 5N X (4m X sin30°) — 5N x (2m x sin30°) = 5N -m
ANSWER: B




PART II: FULL ANSWER QUESTIONS (question 13 to 20)
Do all eight questions on the provided area below the questions. Show all work.
13. (10 points) In the figure on the

right, a ship approaches the dock '
9@

at 45 cm/s. An important piece of

equipment is thrown from the

top of a tower to the shipat 15.0 4‘*‘1?_‘1'__ ‘

m/s at 60°above the horizontal. ] L= iima® 0 il
The top of the tower is 8.75m idisetn '
above water level. . TR {

A) Draw a motion diagram of the A <
trajectory of the equipment. § ERSSOS
Calculate the x- and y-
component of the initial velocity.
See Above right (1 point)

Voy = 15% X c0s60" = 7.5 %;

Voy = 15% X sin60° = 13% (2 points)

4%
|
i D >
|

B) Calculate the time it takes for the equipment to reach water level (8.75 m below). The answer
is t=3.2 s, but sufficient detail is required for full marks. Calculate the range of the equipment.
To find the time it takes to reach the bottom of the cliff look at the vertical (y-axis) component:

Usey = Yo + Voyt =2 9t2 > —8.75m = 0+ 13T x t — 495 x t?
13++V132+ 4 x —4.9 x —8.75

49t - 13t—875=0->t = 98 -t = 3.21s,—0.556s

Physical solution is t = 3.21s. (4 points)
The horizontal displacement of the equipment is found by looking at the horizontal (x-axis)
component, where the velocity is constant v, = 7.5% and

Range = x = vyt = 7.5= x 3.21s = 24.07m (2 points)
g . p

C) For the equipment to land at the front of the ship, at what distance D from the dock should the
ship be when the equipment is thrown?

During the t = 3.21 s period it takes the LP to reach the surface of the lake, the boat must travels a
distance xp = vyt = 0.45% X 3.21s = 1.44m towards the lighthouse. Using the above

diagram:D = xz + Range = 25.5m. (1 point)



14. (10 points) On the right, Box A, is on a floor
with kinetic friction coefficient, y;, = 0.15,
and static coefficient of friction, u, = 0.25.
Box A is connected to a frictionless pulley 1
system to Box B, Mg = 3 kg, on a 36.9° T l a
incline, with no friction. Box B, is
connected by a frictionless pulley system, t0
Box C, Mc = 10 kg, as shown.

Assume that Box A is moving left as shown
in the diagram. The acceleration of Box C

is a = 5.55— down, as shown in diagram.
S

<N

A) Draw a Free-Body Diagram (FBD) on Box C. Use Newton’s law to find the tension in the
rope connecting Box C and Box B, Txsc.

A Newton’s second Law
Tsc Frety =Tpc —Mcg = —Mca
m m
c l Tpc = Mcg — Mca = 10kg x 9.8% — 10kg x 5,555
a
Tgc = 42.5N (2 points)
M.g | (1 point)

v

B) Draw a free-body diagram of all the forces acting on Box B. Use Newton’s law to find the
tension in the rope connecting Box B and Box A, Tas.

Newton’s second law in x-component
Frety = Tgc — Mpgsin® — Typ = Mga
Tsp = 42.5N — 3kg X 9.8 % 0.6 — 3kg X 5.55
T, = 8.21N (2 points)

C) Draw FBD of all forces acting on Box A. Use Newton’s law to find the mass of box A, Ma.

v Fy =Myug Newton’s second law
€ A x-comp, Ty + fi = Mya
fr Typ Friction, fi = Mgu
- A —> Combining, TA,T_;E + Mugu, = I\/éAzciLN
. . _ AB  __ . —
(2 points) —_—0 Solving, M, = Py y— 2kg

\ 4 M,g (2 points)



15. (10 points) In the Figure below, Box 1 (m; = 1.5 kg) is on a table. An unknown human
compresses the box and spring (k =400 N-m™!) by x = 15 cm from equilibrium
(indicated by the line with xo = 0). The darkened portion of the table has friction (y; =
0.3 and pg = 0.55), while the clear portion is ice (assumed frictionless). The dimension
of the table is indicated in the diagram. The human then releases Box 1 (i.e. the box and
spring is now allowed to move).

11
............. L__l-\ Ugs =0
3)

vy =7

A) Use Hooke’s law F = —kx show that once box one is released the force ot the spring will
overcome static friction and Box 1 will move.

F=—kx=—-400N-m~!x0.15m = —60N
Maximum static friction, f; 0 = Mmygus = 8.1N
Since 60N > 8.1 N, the spring force will overcome the static friction, and the box will move.
(2 points)
B) Find the speed of box 1 when it reaches the ice. Hint: Use Conservation of Energy.
Use conservation of energy, W,y = AEp,.c + Ei, = AK + AU + fi.d, where d = x+ 0.5m, or d =

0.65 m. AK = K; — Ky =>myv? — 0 = -myv?; AU =U; — Uy = 0 —kx? = —~kx2. This
gives %mlvf — ;kx2 + fid = 0, with
fi = myguy, = 1.5kg x 9.8:1—2 X 0.3 = 441N - f.d = 2.87]

1 1 k 2fd

2 2 —
-mvi —skx*+ frd > v, = |—x?—
2 112 i ! my my

__ |400 N-m~1 2 2X2.87] _ m .
v, = \/—1.Skg (0.15m) kg = 1.47 — (5 points)

C) Find the speed of box 1 just before it hits the ground. Hint: Use Conservation of Mechanical
Energy.
KE PE KE PE

Initial (2) %mlvg +mygh = %mlvg +0

2
vy = JVE + 2m,gh = \/(1.47%) +2x9.8% x 0.5m = 3452 (3 points)




16. (10 points) A hockey puck A moves right at 10% on a frictionless ice surface strikes a
second puck B, which is at rest. After the collision puck A moves off at speed of 8 %, at

angle of 53.1°, below the horizontal. Puck A has a mass of Ma = 2.0 kg, and puck B has
a mass of Mg = 2.0 kg.

A) Use conservation of momentum to find the x- and y- component of the velocity of Puck
B. Find the speed of Puck B, after the collision.
Conservation of Momentum

X-COl’np, MAUAO = MAUA:[COSS?).].O + MBUBLx, Wlth MA = MB
° m m m
UAO = UA1C0553.1 + UBLx - UBLx = 10? - 8? X 0.6 = 5.2?
y-COl’np, O = _MAvAlsinSS.lo + MBUBLy, Wlth MA = MB

0 in53.1" + 8 08=64
Va1Sin Vg1, = Vp1y S S

Smﬁm%f:J@mmf+(%m0a=J@2%f+(64gy=824%

(4 points)
B) Calculate the change of kinetic energy due to collision. Is the collision elastic? Why?

1 2 1 2 1 2
AK = <_MAUA1 + —MBUBl) - _MAUAO

2 2 2
AK—<12k 8m2+12k 824m2 12k 10m2—318
~\2 gx(s) 2 g% (8 s)) 2 g ( ?)_ 8]
This is not an elastic collision since AK # 0.

(2 points)
C) Calculate the Impulse of Puck B, f 5, due to the collision.
Jp = AP = Pp; — Pgy = Mp¥; — 0 = 2kg x (UBin + vBl,yj)

kg-m kg-m
g i+12.8gT

[. =10.4
(2 points)
D) Find the Impulse of Puck A, f 4, due to the collision. Hint: Use result of part C

kg-m kg-m
g 1—12.8 gs

-

Ja=—Jp = —104

(2 points)



17. (10 points) Box of Mass M = 4 kg hangs from a rope attached to a pulley of moment of
Inertia, I = 0.01kg - m?, and radius R = 10 cm. When the system is released from rest
the box moves down, and the rope rotates the pulley about its center axis, indicated by O.

. ) . . 1
Assume the rope does not slip on the pulley. The pulley is a solid cylinder I = > my,R?of
mass m = 2 kg.

_ A) Draw a free body diagram of all the forces acting on the
Box. Use Newton’s law to write an equation that is a function
of the tension of the rope, T, and the acceleration, a, of the box.

7.\ (1 point)

M Fpety =T —Mg =—-Ma (1)
(1 point)
z
Mgv

B) Draw FBD of all the forces on the pulley (including the Hinge force, Fringe, on the
pulley). Use Newton’s law to write an equation that is a function of the tension of the
rope, T, and the angular acceleration, a, of the pulley.
Take CW as positive (+)
myg and Fpin g apply no torque since they pass
through the axis of rotation at O.
Only T can apply torque, since it has a moment arm
of R.
Second law of Newton for Rotation

M

Tnee = TR = la = ~m,R%a
1 .
T = EmpRa (2) (2points)
C) Use the no-slip condition to solve the equations derived in part A and B, to find T, a,

aertsl-:l{ip condition is Ra = a, (3), which when substitute into (2) gives
T=-mya (4)
Substitute (4) into (1) gives impa — Mg =—Ma
4kgx9.87%
a= %mll:iM - %Zlfg+4;; - 7'84:n_2

Subs a into (4), T = %2kg X 7.84% = 7.84N

7.847
Using (3), @ = —= = 78475 (3 points)
D) Use the fact that the net force on the pulley must be zero to find the force of the
hinge on pulley, Fuinge. Hint: Hinge force must cancel tension and the pulley’s weight.
Using the diagram of part B:Fy,p, = Fpinge — T —mpg =0

Fringe = 7.84N + 2kg X 9.8:”—2 = 27.44N. (1 point)




18. (10 points) In the diagram below, a solid uniform ball (I = EM R? R =0.15 m) rolls

without slipping with a linear speed of 25.0 m/s. It moves up the hill, and goes over a 28
meter high cliff.

Vg = 25.0mfs
wg /’

Tnitial (0) Bottom (B) |\

Wp :?

UB :?

A) Calculate the linear, v, and rotational, wr, speed at the top of the hill.
Use conservation of mechanical energy

Initial(0) %Mv(z) + ;Iw(z) = in% + ilw% + Mgh Final (T), (2 points)
with h =28 m
_2 2 _ Yap2  1(2 2y ,2 12 1(2 2,2
Use | = 2MR? > 2 MvZ + 5 (MR?) w} = Mv2 +3(MR?) w} + Mg
. 1 2 ,1(2p2\ 2 _1 2, 1(25h5) 2
CancehngtheM,sz +2(5R )wo —ZvT+2(5R )wT+gh
Use no-slip, vy = woR and vy = wrR
1 1 1 1 7 7 .
Ev§+§v§=Ev%+gv%+gh—>ﬁv§=Ev%+gh,(2p0mts)

2
vy = vg+§gh=\/(25%) — 2% 9.8% x 28m = 15.26 ™, (1 point)

15.262
wp =2 =225 =101.73"22 (1 point)

R 0.15m s
B) Calculate the linear, vy, and rotational, wg, speed just before it lands on the ground.

Initial(T) > Mv} +~[w? + Mgh = ~Mv} +~Iw} Bottom (B)
With h = 28m. Once in the air, there’s no torque to change the rotational speed, hence
wr = wg = 101.73 %, which gives in% + Mgh = in,zg (1 point)

vp = V2 + 2gh = \/(15.26%)2 +2x9.8% x 28m = 27.9%, (2 points)
C) In part b, if you did the question correctly, the final linear speed of the ball should be
greater than the initial speed (25 m/s). Does the fact that this speed is greater than the
initial linear speed means that the ball gains energy?
No! The kinetic energy at position (0) is the same as at position (B): Kjineqr0 T Kroto =
Klinear s T Krotp. But at the bottom the linear kinetic energy is greater K jneqr 5 >
K} inear o and the rotational energy is less, Kot p < Kgoro- (1 point)

Long Answer

It is noted that the linear speed at position B (vg = 27.9 %) is greater than at position 0 (v, =

25 %), even though they are at the same height. This is explained by the fact that the kinetic energy

includes rotational component. When the ball roll up the hill from 0 to T it gains PE of mgh and it
loses mgh in KE, and since there is no slipping both the linear and rotational component lose

-9.-



energy so that v, >v,and ®, > ®,. When it falls off the cliff from T to B it regains mgh in KE,

but the rotational component cannot change so that w; = wp, meaning that the linear component
regains the whole mgh so that vy > v, but also wy = wp < w,, so the rotational energy at position
B is less than at 0. However it is noted that the total kinetic energy (rotational + linear) are the
same at position 0 and B.

19. (10 points) In the figure below, an applied force ﬁapp to the right is applied to the center
of mass (COM) of a wheel. The wheel will rotate clockwise (CW) with an angular
acceleration («). At the same time the COM of wheel will move right without slipping.

Fy

Data on wheel: mass M = 2 kg;

Radius, R =0.25m

Moment of inertia, [ = 0.0625 kgem?,
[

I3
.II)I)
/ Friction, y;,, = 0.11 and g = 0.44

A) Draw a free-body diagram (FBD) of all the forces acting on the wheel. Briefly justify

the direction of the force of friction, f;, on the bottom of the wheel (left or right). Briefly

explain why the force of friction is static, f;.
FBD above shows, normal force Fy, weight Mg, and f; is the force of friction.
Since Fy and Mg passes through the com, they exert no torque. Only friction can apply a torque.
Since the wheel must rotate CW, the force of friction must be left to induce CW rotation.

If the wheel does not slip, the point of contact between the wheel and the ground must be

stationary, and the force of friction is static, f; (4 points)

B) The applied force is Fapp = 10N. Use the FBD above, and Newton’s second law for
translation (linear motion) and rotation, to calculate the linear, a, and angular «,
acceleration, and the friction force, f;. HINT: The Newton’s laws should give you two
equations for three unknowns, a, o and f;. Use the no-slip condition to eliminate one of
the unknowns, then solve.

Newton’s law for translation in the x-comp gives, Fyp,,, — fs = Ma, [1]. (1.5 points)

Newton’s law for rotation gives, Tpe = fsR =Ia - f; = é(Ra) = éa [2] (1.5

points)
where we used the no-slip condition, a = Ra

. I 10N m
2]linto [1], Ey —a =M = ———=es = 3.33=
Subs [2)nt0 1] gy~ 750 = Ma = 0 = 2o = 333
. _ I _ 0.0625kgem2 m _ 7 _ N
Using [2], f; = == oz X 3.3352 = 3.33N left, or f;, = —3.33NL.
_a _ 3-33522 _ rad .
Q=== 13.33—52 (2 points)

C) By direct calculation, show that the friction between the floor and the wheel is sufficient
to prevent slipping, so that the friction is static.
fsmax = Mgus = 8.62 > 3.33N = f;, and there will be no slipping (1 point)

-10 -



20. (10 points) Box 1 (M; = 5kg) and Box 2 (M, = 8kg) are connected by a string that is
passed over a pulley of radius, R = 10 cm, and moment of inertia, I = 0.015kg - m?. When
the system is released from rest, Box 2 accelerates downward without the rope slipping,

and the pulley rotate CCW.
Definition:

Potential Energy (PE)
Ug,i initial PE of 2
Ug s Final PE of 2
Uy, initial PE of 1
Final (f) Uy £ Final PE of 2

Ug],f = M]gh

B

r
i
!

Kinetic Energy (KE)

initial (i) hinitial (i) No initial KE
Ug,i=0-- | 2 1 i Ugri=0 Final KE below
Y \l, 1 ) 1 5 1 5
¥ T EMlvf +§M2Uf +§I(Uf
= I
Final (f) h =0.1m - vy Final speed of box 1 and 2
Ug s = —Magh========-- 2 w¢ final angular speed of pulley

vl

A) Use Conservation of Mechanical Energy to find the speed of Box 2 after it has fallen
0.1m. Hint: write [w? = é (Rw)?, and use the no-slip condition.
The physics is summarized above

Initial (i) Final (f)
1 2 1 2 1 2

NoKE  NoPE Linear and Rotational KE 1 gains PE 2 loses PE
(3 points)
Using the hint: o} = é (wa)z and the no-slip condition, vy = Rwygives [w} = é vf,
and the energy equation above becomes (1 point)
1 1
1 1
0= E(Ml + Myvf +§)v]§ + M;gh — M,gh — v§ =

EFUJE + M;gh — M,y gh
—-Migh+Mygh
%(M1+M2+RI—2)’

(3 points)

Substituting all the data gives, v; = 0.636m/s. (1 point)

B) Use the answer of part A) and kinematics equations to find the acceleration, a, of Box
1, and the angular acceleration, &, of the pulley.

v =v} + Zaizl - (0.636m/s)? = 0+ 2a X 0.1m - a = 2m - s~%(1 point)

a 2m-s™

= = 20757 (1 point)

R 0.1m

a =

-11 -



Useful Equations
Kinematics x=x, +v, t+(1/2)at’, v.=v, +at, v.=v, +2a (x xo) =dx /dt ; for

free-fall problem substitute y for x, and a=—g. a, =dv, /dt ;V = Vxl +v, ] + vzk ;

d=aj+a,j+ak;average speed su = (total distance)/(total time); average velocity (x-com)
Ve = (x2 - xl) / (t2 —t ) average acceleration (x-com) Ao o = (v2x - le) / (t2 -1 ) Newton’s

Laws Fw ZF 0 (Object in equilibrium); F,, = ma (Nonzero net force); Weight:

2

F,=mg, g=98m/ s*; Centripetal acceleration a,_, = VT;

Friction f <uF,, f, = u.rF,. Hooke’s Law F. =—kx. Work and Energy
W=Fed=(Fcosf)d=Fd; W =AK =(1/2)mv; —(1/2)mv; (valid if W"* is the net or

ne

total work done on the object); W** = —mg( Vp— yi) (gravitational work),

W = —((1/2)kx? = (1/ 2)kx?) (elastic work)

Conservation of Mechanical Energy (only conservative forces are present) E
W =-AU=-(U,-U,)=AK=K,-K,U+K =U,+K,,U,,
Also AE,,,=AU+AK =(U, ~U,)+(K, - K,)=0— AK =-AU

CONSERVATION of ENERGY:
Non-Conservative Forces: with no frictionW, = AE (W, work done by external), with

AE,, =AU +AK =(U,-U,)+(K, - K,); with frictionW,,,.., = AE, .., + AE, , AEy, = fid, d
is magnitude of displacement.

mech = U+K
=mgy,U, =(1/2)kx’

mech external mech

Work due to variable force 1D: W = '[x" F, dx = area under F; vs. x, from x = x; to x;
'xi

Momentum: P = mv , Impulse: J = J.tz Fdt=F, (t,—1t, ), Impulse-Momentum
5

J = AP = P, — P, Newton’s Law in Terms of Momentum F,, = dp /dt. For =0, dp/dt =0
gives momentum conservation: P = constant. Rotational Kinematics Equations:
= (92 —91)/(t2 _tl)’aavg = (a)2 —col)/(t2 —tl) For ¢, =constant, ® = 0, + ot

0=0,+w,+(1/2)at’,.»" =w; +2a(6 - 6,)Linear and angular variables: s=7r0,v=ro,

= Ro (tangential) ,a,, =V’ /r=m’r(radial) Moment of Inertia and Rotational Kinetic

Energy /= Zm” , K, =(1/2)Iw*. Center of Mass (COM) 7., Zm,f,-/M, M=zmi;

Zm Vil M ae, Zm :a; | M . Newton’s Second Law for System: Froe = Mdoom,

where Fnet is the net external force actmg on the system of N particles. Torque and Newton’s

Laws of Rotating Body: rigid body = Fr, =217 = Io, r,-moment arm about axis; point

7 =7 x F about origin O.

Comblned Rotation and Translation of a Rigid Body K = (1/2)Mv’ +(1/2)I., o, F, = Ma

com com net com

=1, 0 . Rolling without slipping s=R0,v, =Rw,a,, =Rx.

nLt com com
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