ACHIEVE

Total Marks: 50

Engineering Daily Exam 10 [Set 03] EV - Answer Sheet
Work, Energy & Power + Gravitation & Gravity
Negative Marks: 0.25

NCS/

Time: 1 Hour

MCQ
1.

7.

A. —2.253 x 1032 ]

Explanation: Formula: U = — 3G\

Here, GM?2 = 6.673 x 107 x (6 x 10%)? =
2.4023 x 103

So, 3GM? = 7.2068 x 10%

Again, 5R = 3.2 x 107

Therefore, U = — 2288107 . _9 953 x 10%J

B. 3475N

Explanation: We know, g, = g (&)
Here, g = 9.8 x (890)° ~ 9.8 x 0.7092
So, gn ~ 6.95ms 2

Therefore, W = mgy, = 50 x 6.95 ~ 347.5N

D.36J

Explanation: Before impact, K Epcore =
1(0.5)(15)* = 56.25J

After impact, KE,¢, = 1(0.5)(9)? = 20.25J
Therefore, the loss = 56.25 — 20.25 = 36 J

D. 11.55ms™*

Explanation: By the work-energy theorem,
Fd = %mv2

Here, 25 x 8 = 1(3)v?

So, 200 = 1.5v? = v2 = 133.33

Therefore, v ~ 11.55ms !

C. 5090s
Explanation: We know, T = 2x %1;2

Here, R +h = 6410 km, so (R + h)? ~ 2.634 x
1020 m3

Again, gR? ~ 4.014 x 10*

So, T = 2my/ 284107 — 2711/6.563 x 10°
Therefore, T ~ 2m x 810.1 ~ 5090 s ~ 84.8
minutes

B. —3.469 x 1079J
Explanation: We know, U = —$(m;m, +

T

m;m; + m,msy)

Here, U = —80Bx10 " (6 4 8 4 12)
So, U = —1.3346 x 107* x 26

Therefore, U ~ —3.469 x 107°J

A.2.11HP

50 marks

10.

11.

12.

Explanation: Depth of the well, h = 125 =

62.5m.

1 _ mgh _ 100x9.8x62.5 ~_
Effective power = %8 = x5 x020
1020.83 W

Actual power of the engine (at 65% efficiency)
= 10208 ~ 1570.51 W

Therefore, in HP, P = 12051 ~ 2,11 HP

A.6.10 x 107N

Explanation: Here, Fpp = S5400 =

COT310 %23 ;4,449 x 10~ N (directed A —
B)

Again, Fac = GIX%IZHC _ 6.673x1%“x2x5 ~

4.171 x 10~ N (directed A — C)

Since angle A is a right angle, AB and AC are
perpendicular

So, the resultant F = \/F3; + F3.

Therefore, F ~ 6.10 x 107! N

B. 20.25 MJ

Explanation: Here, APE = mgh = 1500 x
9.8 x 500 = 7350000 J

Again, AKE = £(1500)(80)* = 4800000 J
Useful energy = APE + AKE = 12150000 J
Therefore, input energy = 1212000 —
20250000 J =~ 20.25 MJ

T
A. 5

Explanation: We know, T2 = 4&2\23, 0T o
1

VG

Doubling G gives, T = l\%d

Therefore, T ~ 0.707T,4, 1.€. the period
decreases

A. 3.756 ms~!

Explanation: Available energy = 0.9mgh
We know, %va = 0.9¢gh

Here, v2 = 1.8 x 9.8 x 0.8 = 14.112
Therefore, v ~ 3.756 ms*

C. 36%
Explanation: Here, KEpefore < harop = 5 and
KEafter X hrebound =3.2

Fraction lost = h‘“’};ﬁ x 100%
rop

Here, fraction lost = 12 x 100%
Therefore, fraction lost = 36%



13.

14.

15.

16.

17.

18.

19.

D. —6.84 x 107 Jkg

Explanation: Inside the outer shell (r < R;),
the potential is constant, equal to its surface
value

Here, Vi = -0 ~ —4.171 x 10" Jkg™*
Again, outside the inner shell (r > R,), it
behaves like a point mass

Here, Vo = — M2 ~ 2,669 x 107 Jkg ™"
Therefore, the total potential = V; + V, ~
—6.84 x 107 Jkg !

A.10.20m

Explanation: We know, 1kx? = mgh
Here, 3(2000)(0. 2) = 40J

Therefore, h = ;7%= = 75 ~ 10.20m

D. 4.65 x 10° km
Explanation: By Kepler's third law (same

central body B), T? o 1*

o\ Y3 5 13512/3
Here, rc =14 ($¢) " = 3% 10° x (4)
S0, rc = 3 x 10° x (1.9286)%® ~ 3 x 10° x
1.5494

Therefore, rc ~ 4.65 x 10°km

A. 3007

Explanation: At the highest point, the
vertical velocity is zero, only the horizontal
component remains

Here, vy = 40c0s30° = 34.64 ms™!
Therefore, KE = 1(0.5)(34.64)% ~ 300J

B. 3.43ms™!

Explanation: Energy released (only the
hanging mass does work) = mygd = 4 x 9.8 x
1.5 =58.8J

We know, 1 5(my + my)v? = 58.8

Here, 5v? = 58.8

Therefore, v ~ 3.43ms ™!

A.r = %{

Explanation: The mass enclosed up to r,
M(z) = [; 40 (1 - i) dr’ = 4mo, [% — %}
Here, g(r) — 1 — 4nGoy [3 - 4]

For a maximum, % =
SO 4J'IZGQ() [ —le =0
Therefore, r = 22

B.1:3

Explanation: We know, h = X2 (same KE, m

), 1.e. h é

20.

21.

22.

23.

24.

25.

h &
Here, * = gj

Therefore, &= = %,i.e.hy:hy =1:3

C.12.92kms ™"
Explanation: Each star orbits at r = 2 from

the center of mass
We know, SM2 — M

> D2 D/2
2 _ GM __ 6.673x10" 1 x2x10% 8
Here, v* = 35+ = a0 ~ 1.669 x 10

Therefore, v ~ 12.92kms™*

C.h=35R

Explanation: At the top of the loop, N +
mg = mT"Q, with N = 2mg

So, 3mg = mT"Z
By energy conservation (bottom to top, top is
at height 2R), mgh = mg(2R) + jmv?

Here, gh = 2gR + 1.5gR = 3.5¢R

Therefore, h = 3.5R

— v?=3gR

A. 0.0925N

Explanation: We know, o =
10 °rads™!

Weight loss = mw?R sin? 0 (here, 0 = angle
from axis = 30°)

Here, weight loss = 10 x (7.272 x 10~
10% x sin®30°

So, weight loss & 10 x 5.288 x 107? x 7 x
10° x 0.25

Therefore, weight loss ~ 0.0925 N

27 ~
sTo3g00 ~ (1-272 X

)2 X T X

B.v < 11.2kms™!

Explanation: Escape velocity, v, =
11.2kms

If v > vese, the path is parabolic/hyperbolic
(never returns)

Therefore, if v < ves, the path is a bound
ellipse (a circular orbit being a special case)
and the object returns

2gR ~

A.10.02m

Explanation: Since all surfaces are
frictionless, energy conservation means the
block regains the same height (8 m)

- _ _h _ _8
Therefore, distance = = eme ~ 10.02m

sin53°
C. 6666 km
Explanation: First, check that ve,e = /2gR ~
11.2kms " > 8kms ™, so the rocket does return
at a finite height
By energy conservation, iv? — gR = — £&
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4.014x10"

Here, 3(8000)% — 9.8 x 6.4 x 10° =

"~ 6.4x10°+h
Therefore, h ~ 6.666 x 10° m = 6666 km
D. 3.98HP

Explanation: Volume = 3 x 4 x 5 = 60m?,
mass = 60000 kg

The centre of mass of the water column is at
2 =25m

Work, W = mg (%) = 60000 x 9.8 x 2.5 =
1.47 x 1097

Useful power = ¥ = M0 ~ 1633.33 W
Therefore, motor power = 163333

2969.7W =~ 3.98 HP

D. 257.25 W

Explanation: Vertical speed = 0.75sin 30" =
0.375ms™!

Time, t = ;o= = 16

Therefore, P = 28k — 103856 _ 257,95 W

D. 5.98 x 108 Nkg *

Explanation: Since 0.7m < R(2.5m), the
point is inside the sphere

Interior formula: g(r) = S

1 4
HCI'C, g(0.7) _ 6673><10(2 ;)2X10 x0.7

Therefore, g(0.7) ~ 5.98 x 108 Nkg

B. 34.29 x 10° km

Explanation: Let the point be at distance x
from A

We know, S8 _ A — S L
So, 6(D —X):X — 6D =Tx

Therefore, x = P = 810 x 10° ~ 34.29 x
10°km

B. 383ms™*
Explanation: The initial orbital radius r, =

8000 km and new apogee radius r, = 10000 km

For the initial circular orbit, v, = /M (here

GM = gR?)
After the speed increase, the initial point

becomes the perigee of the new ellipse, so by

vis-viva, v, = \/ GM (% - rp%)
This gives, vc ~ 7083.5ms™! and v, ~
7466.7 ms !

Therefore, Av = v, — v¢ ~ 383 ms™!

D. 345600 km

32.

33.

34.

35.

36.

37.

38.

Explanation: We know, ,/{& =

Here, |/ 292487 ~ 9,012
S0,9.012(D —x) =x — x=
Therefore, x ~ 345600 km

012D
D ~ 0.9001D

A. 617.6kms™*
Explanation: We know, v, = 4/2M

o 2x6.673x10~11x1.989x 1030
Here, ve, = \/ 6.96 10°

Therefore, vesc =~ 617.6 kms ™!

C. 2.042kW

Explanation: He.re, m = 200 _ 4167kgs "
Useful power = mgh = 4.167 x 9.8 x 35 =
1429.17TW

Therefore, input power = 142217 ~
2041.67 W = 2.042kW

A.1:42
Explanation: Energy conservation inside a

uniform sphere gives, at the centre, v2 Gﬁ’[

__ 2GM
Again, escape VG]OClty, vo, = 52t
_ V/GM/R
Therefore, ratlo = = JowE =
C.0

Explanation: By the shell theorem, the field
strictly inside a hollow shell (r < R) is always
Zero

Here, 0.2m < 0.5m, SO gyo =0

Again, 0.8 m > 0.5m (outside), so gos =
GM_ £0

08)?

Therefore, ratio = 0 : (nonzero) = 0

D. Increases by 36.9%
Explanation: We know, v, = /24, so

esc “ \/
1.5M /0.8R
Here, new/old ratio = 4/ R ,/

v/1.875 ~ 1.369

Therefore, the escape velocity increases by
about 36.9%

C.0.0775m
Explanation: By energy conservation,

%m 2 — 1kX2

Therefore, x = \/ my? \/ 800 = /0.006 ~
0.0775m

C.2V2T,
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45.

Explanation: Kepler's third law: T? oc r* =

T o r3/2

rnr=R,rs=R+h=2R
3/2 3

T r _ (2R)\3/2

B=(2) =@ =22

Ty = 22T

C.

Explanation: Inside (r < R), only the mass
enclosed within radius r matters, Mepe o< 1
So, g = SMec L —r (linear and increasing)
Outside (r > R), the full mass M acts as a
point mass, g = & (inverse-square and
decreasing)

A.1.41ms™!

Explanation: Useful power = 7 x 0.66 x
746 = 3446.52 W

At constant velocity, P = mgv

_ P _ 344652
Therefore, v = mg = 30-95 ~ 1.41ms”

D. 814.3kW

Explanation: Here, A = nir® = 1963.5 m?

m = QAv = 1.2 x 1963.5 x 12 = 28274.4kgs !
Total wind power = imv? =

1(28274.4)(144) ~ 2035757 W

Therefore, output = 0.4 x 2035757 ~ 814.3kW

D. tmg?(2n — 1)

Explanation: The distance covered in the n-th
second, s, = §(2n — 1)

The potential-energy loss over this distance
(equal to the kinetic-energy gain) = mg x s,
Therefore, the potential-energy loss =
%mg2(2n -1)

C.53.15m
Explanation: Here, AKE = {mv? = 312500 J
Friction force, f = umg = 5880 N

_ AKE _ 312500 .,
Therefore, d = 53= = %2 ~ 53.15m

B. 0.0786 HP

Explanation: Total steps = Zi:1(5n +2) =
5(1+2+3+44+5)+2x5=75+10=285
Total height = 85 x 0.13 = 11.05m

Work, W = mgh = 65 x 9.8 x 11.05 = 7038.85J
Time, t = 2 minutes =120s

Power, P = *- = 58.657 W

Therefore, P % ~ 0.0786 HP

D. !

46.

47.

48.

49.

50.

Explanation: We know, T o r®/?
Therefore, T = (1) = 1

C. 0 (same point)

Explanation: Key idea: E = — <~

Wherever the field intensity E is zero, & = 0
there too, meaning V is at an extremum (a
minimum, since V is more negative on both
sides)

Therefore, the two points are always identical,
so the separation = 0

A.133]

Explanation: Here, p(1) = 3(1) + 2(1) =
5kgms ! and p(3) = 3(9) + 2(3) = 33kgms ™!
We know, KE = p

Here, KE(1) = 525 = 3.125J

And, KE(3) = 2 =136.125J

By the work- energy theorem, W = AKE =
136.125 — 3.125

Therefore, W = 133J

C. 1.229 MW

Explanation: Here, m = 2030% — 3333.33kgs ™"
Water power = mgh = 3333.33 X 9.8 x 45 =
1.47T MW

After the turbine, 1.47 x 0.88 = 1.2936 MW
Therefore, after the generator, 1.2936 x 0.95 ~
1.229 MW

A. 856.32J

Explanation: Here, AKE = 1(25)(2)> =507
Work done by gravity, W
—mgLsin15° = —380.44J
Work done by friction, W ion =
—umgL cos15° = —425.88J

Therefore, W, p1iea = AKE — Wity —
Whriction = 50 -+ 380.44 + 425.88 ~ 856.32J

gravity —

C. 20.37kJ

Explanation: Volume, V = mr’L =

71(0.3)2(7) ~ 1.979 m3

Mass, m = oV = 600 x 1.979 ~ 1187.5kg
Rise of the centre of mass, Ah = (%) sin30°
3.5x0.56=1.75m

Therefore, work, W = mgAh = 1187.5 x 9.8 x
1.75 ~ 20369 J ~ 20.37kJ



