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SOLUTION

Physics

Q.1 Adisplacement vector 7 has magnitude of 25 m

and makes an angle of 210° with the x-axis.

Then its y-component is -

Correct option: (D)

1
|r_£,|=rsin30°=25><§ =12.5m
7, =-12.5m

Q.2 A glass wind screen whose inclination
with the vertical can be changed is
mounted on a car. The car moves
horizontally with a speed of 2 m/s. Find
the angle a with the vertical at which the
wind screen should be placed so that the
rain drops falling vertically downwards
with velocity 6 m/s strikes the wind screen
perpendicularly.

Correct option: (B)

Let vertical direction limit vectorbe 7, horizontal i

Drop

0,0,

0, +0, =90°
01 + 6 = 90

Vcar — 27 and Vdmps = 63

Vdrops w.r.t. car — Vdrops - Vcar = —-21 + 6j

".' _2’: 6".
cosy = S U2A0D)  op 6 _ 6
jl-|-27 + 65 VZ1 61 V40
3
cos) = —
v 10

1
sinfy = ——

V10
tanfy, = 3 = 0, =tan"'3
Hence, the wind stream is inclined at tan"'3
with the vertical.

Q.3 Consider a particle moving with a speed
of 5 m/s towards east. After 10 sec velocity
of the particle is 5 m/s towards north.
Find the average acceleration and its
direction.

Correct option: (C)

Average acceleration is the change in velocity

divided by the'total time taken.

17;25%;1_5)0:53
Uy —U; =55 — 51

Time interval = 10 sec

We know that,
. Uf —U;
Average acceleration =

Time interval

5j—51 1 . .
aCCavg = — o = 5(] — 7)m/s?

A s 1
SG =8| = —=m/s’

aCCayg

_‘1

Unit vector along that direction is:

1 . ~ -
— (7 —1) [45 due west of north]

V2

Q.4 The following observations were taken for
determining surface tension T of water by

capillary method:

diameter of capillary, D = 1.25 x 1072 m rise
of water, h = 1.45 x 10_2 m.

Using g = 9.80 m/s% and the simplified relation

rh
T= Tg X 10°N/m, the possible error in

surface tension is closest to:

Correct option: (B)
D=125x102m;h=145x10"2m
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The maximum permissible error in D
=AD=0.01x 102 m

The maximum permissible error in h
=Ah=0.01x102m

g is given as a constant and is errorless.

T= % x 103 N/m = % x 10°N/m

AT Ad Ah

error T 4 + 3
. AT><100—Ad><100—|—Ah><100
T - d h

1.25 x 1072 1.45 x 1072

_100 100
125 ' 145

.01 x 1072 .01 x 1072
:<00><0 +00><0 >><100

AT
. T =08%+0.7%=15%

Q5 1If ‘A X B| = \/g(fi . B) then the value

(tan60° — /3, cos60° = 0.5)

Correct option: (B)

Given: For two vectors A and B,

‘j x B‘: ﬁ(ﬁ-é).

ABsinf = v/3ABcos 0
tanf = V3 = 9 =60°

. The magnitude of A+ Bis:

‘f—l'—i— B‘: VA2 B2+ 2AB cos 60°

Substituting cos 60° = 0.5:
A+ B|=va+B +4B

Q.6 The formula for percentage error is

Correct option: (A)

Q.7 Abody is acted upon by two forces of
magnitudes F; = V2N and F, = 3 N which

are inclined at 45° to each other. The
magnitude of resultant force acting on the

body is

Correct option: (C)
F=1/F2+ F} + 2F\Fycosf

= \/(\/5)2 +(3)2 + 2(\/5) (3)cos 45°
F=v2+9+6=vV17TN

Q.8 If length and breadth of a plate are (40 +
0.2) cm and (30 + 0.1) cm, the absolute

error in measurement of area is

Correct option: (A)

A-lxb:ﬂ—ﬂ+Ab=>
A 1 b

AA:A[#+%}

AA = bAI+AAb= 10cm?®

Q.9 * The resultant of two vectors 2A and 34 is R. It

the second vector is doubled, the resultant

vector also gets doubled. The angle ‘0’ between

the vectors 21‘1 and 314_1‘ is

Correct option: (B)

R2 = (2A)2 + (3A)2 +2 x 2A x 3A x cos 0
R?=4A% +9A %2 + 12A 2 cos 0
R?=13A2+12A2 cos B ....(I)
(2R)? = (2A)% + (6A)% x 2 x 2A x 6A x cos O
4R? = 40A% + 24A% cos 0
R2=10A% +6AZ cos B ....(ii)
From (i) and (ii)
13A2 +12A2 cos 0 = 10A2 + 6A2 cos 0
3A2 = —6A2 cos 0

" cosB= _%: -0.5

= 9=cos ! (-0.5)

Q.10 The error in the measurement of length (L) of
the simple pendulum is 0.1% and the error in

time period (T) is 3%. The maximum possible

L

error in the measurement of ﬁ is

Correct option: (D)
Maximum possible error in measurement of
LZ <£ +2£)%=(01+2X3)%=61%
T2 L T ' '
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Q.11 If the error in measuring the radius of
the sphere is 2.5% and in mass is 1.5%,
then the error in measurement of the
density of material of the sphere is
Correct option: (C)

Given: Error in radius = 2.5 %
Error in mass = 1.5 %

Density of a sphere is given by,

m
p=—
v
m
p =
%71'7’3
m
u —
pox 3
Ap Am Ar
x100= | — + 3.— | x 100
P m r
Ap
— =0.015+ 3 x0.025
P
=0.015+ 0.075
=0.09

* Error % =9 %

Q.12 The length, breadth and height of a
rectangular block of wood were measured to
be
[1=13.12+0.02cm, b =7.18 + 0.01 cm;

h =4.16 £ 0.02 cm.

The percentage error in the volume of the
block will be
Correct option: (B)

AV x 100 = Al + X0 + Ak 100%
1% "\ b h ’

AV L00- 0.02 +0.o1+o.02
1% - \13.12 ' 7.18 ' 4.16

100%
=0.77%

Q.13 A physical quantity A can be determined
by measuring parameters B, C, D and E
BeCP
5 If the

using the relation A =

maximum errors in the measurement are
b %, c %, d % and e % then maximum
error in the value of A is
Correct option: (C)

BC#?

Given: A =
DVE9

AB
Error contributed by B = a x (? 100) =a

x b%

Error contributed by C = 3 x

c%

d%

_ AD
Error contributed by D =y X x 100 ) =y x

Error contributed by E = § %

e%
. Percentage error in A is given as,

A
x 100 = (% error contributed by B) + (%

error contributed by C) + (% error contributed by
D) + (% error contributed by E)
= (obit B+ yd + Se) %

Q.14 Two perpendicular components are
Correct option: (A)

=

Q15 A+B+C

‘Z{‘ = ‘B‘ = ‘C" — 1, Find
A-B+B-C+C- A

Correct option: (A)

A+B+C=0
A+B=-C
e |-d

\/A2+B2+221'-§ - |-
A2+B2+2A’-B:‘—6‘|2

(A= [Bl=|C]=1)

- = 1-1-1 1
A B="_—-=_=
2 2
Bysarneloglc
= -1
= —
2
- —1
C.-A=—
2
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So, A -B+B-C+C-A
St WP el O Bt 1
2 2 2 ) 2

Q.16 If vector A=3i + 2j — 4k, its magnitude

is
Correct option: (D)
A=3i+2)— 4k

A= /(3)2 + (22 + (-4 = V29

Q.17 Of the following the dimensionless error
is

Correct option: (D)

Q.18 The pressure on a square plate is
measured by measuring the force acting
on the plate and length of the sides of the
plate. The maximum error in the
measurement of force and length are
respectively 4% and 2%, the percentage
error in the measurement of pressure is
Correct option: (D)

F

oo F
A ]2

so maximum error in pressure (P)

Ameo —AFx100+2Alx1oo
P e F l

=4% + 2 x 2% =8%

Q.19 Displacementis a
Correct option: (B)

Q.20 The measure of accuracy is

Correct option: (D)

- = P
Q21 [p. Q= TQ, then the angle between

P and @ is:
Correct option: (D)
. -~ P
5. FQ

2

P
= PQcosf = TQ

]. o
:>c050:§:>0:60

Q.22 Find the torque 7 exerted by force
1+ 7+ 2k at point P (2, 3, 4) w.r.t
origin. Given, 7 =— rx — F, — r is the

position vector of point at which force is
acting w.r.t to the given point (in this
case origin).
Correct option: (C)

The force — F'is given in Cartesian coordinates.

Express the position vector'of point P in Cartesian
coordinates and find the cross product
T=—7rx — F.

Here —» r = 43 OP =— P [— P : Position

vector of point P]
= > r=21+3j+4k and

S P=i4j+2k

1 ]k
T=—0rx —-F=1|2 3 4
1 1 2

Q.23 If the resultant vector forms an angle of
45°, then the two components are
Correct option: (B)

Q.24 Estimate the mean absolute error from the
following data.
20.17, 21.23, 20.79, 22.07, 21.78
Correct option: (B)
I 20.17 + 21.23 + 20.79 + 22.07 4 21.78
m 5

ag, =21.21
|Aay| = 21.21 - 20.17|= 1.04
|Aay| =|21.21 —21.23| = 0.02

|Aag| =0.42
|Aay| =0.86
|Aas| = 0.57
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|Aap| =
|Aay| + |Aaq| + |Aas| + |Aay| + |Aas|
5

~1.04 +0.02 + 0.42 + 0.86 + 0.57
5

=0.58

Q.25 In the adjoining vector diagram, what is the
angle between f_f and B? (Given: C = B/2).

¥,/ |

=

Correct option: (D)

Angle b/w A and B = 180° — 30° =150°

Q.26 The components of a vector along the x and y

directions are (n + 1) and 1 respectively. If the

coordinate system is rotated by an angle 60°
then the components change to n and 3. Find

the value of n.
Correct option: (C)

Length of the vector does not change on rotation.

(n+41)2 4 12=4/n? + 32
W12 +1=n2+9
“2n=7 = n=35

Q.27 A constant force F =3; — 27 — k

newton has a displacement
7 = 27 — 35— 3k metre in 2 second. The

work done and the power are
respectively
Correct option: (B)

Work done = F - #

‘. Work done =
(3% —23’—12:) : (2% —35‘—31%)
. Work done = (6 + 6 + 3)

*. Work done = 15 joule

workdone
Power = ——
time

15
. Work done = o5

. 'Work done = 7.5 watt.

Q.28 Error in the measurement of radius of
the sphere is 2%. The error in the
calculated value of its volume is

Correct option: (C)

A 4
27 100 = 2% and V = gmﬁ
"

Percentage error in volume
AV A
== %:3<—T x 100) - 6%

"
Q.29 Given A = (22 — 35+ k)
é:(3z+3—zz;)and
C= (3% +23‘+I%) .(Zi+1§).é will be

Correct option: (A)
A= (21 - 35+ k)

B

(
B= (31 + j - 2k)
C= (33 +2j + k)
A+B=02+3)i+(3+1)j+1-2k
=51-27-k
(4+B)-C=(5i—2j~k) (35 +2j+h)
=15-4-1

=10

Q.30 Choose the INCORRECT statement out of the
following.

Correct option: (D)

Q.31 Two equal vectors have a resultant equal to

either of them. The angle between them is

Correct option: (D)
Since, R = \/A2 + B2+ 2ABcosf

A=B=R
" A2=2A2+2A% cos B
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cos 0 = — — =cos 120°

2

. 0=120°

Q.32 A wire has a mass 0.3 + 0.003 gram,
radius 0.5 + 0.005 mm and length 6 +
0.06 cm. The maximum percentage error

in the measurement of its density is

Correct option: (C)

Here,
Am 003 Ar 0.005 AL _ 0.06
m 03’ r 05 L 6
_ m
Ase= oy

<£> % 100 =
P

Am  Ar AL
(—m+—r+—>x1oo

m T L
0.003 2% 0.005 0.06
_ 100
( 03 05 6 ) 8
S142+1=4%

Q.33 An experiment, the values of refractive
indices of glass were found to be 1.54,
1.53, 1.44, 1.54, 1.56 and 1.45 in
successive measurements
i) Relative error ii) Percentage error
Correct option: (A)

Mean value = e (z,,)

1.54 + 1.53 +1.44 4 1.564 + 1.56 + 1.45
6

=1.51
Absolute errors in measurement are
Axq =1]1.51-1.54|= 0.03,
Ax2 =|1.51-1.53| = 0.02,
Axg = |1.51-1.44| = 0.07,
Ax4 =11.51-1.54| = 0.03,
Axs =11.51-1.56| = 0.05,
Axg =11.51-1.45| = 0.06,

Mean absolute error (Ax,,)

~0.03+0.02 +0.07 + 0.03 + 0.05 + 0.06
N 6

=0.04
(rounded off to two places of decimal)

Relative error

Az, 04
yBTm 00 09649 ~ 4 0.03
w 1.51

(rounded off to two places of decimal)
Percentage error = Relative Error x 100
==+ 0.03x100

= £3%
Q34 MA=7i+j+3kB=—i+j+4k,
and C = 37 — 3] — 12%, then find the

angle between the vectors (f_f +B+ 6’)
and (Zf X B) in degrees.

Correct option: (A)
Let P'= A% B4 C = 3i — 5k and
P
Q=AxB=|1 =51 —7)+3k
-1

=N o
= W [

Angle between P&Q is given by

PQ 15-15 .
50 = 70 =0=6=90

cosf =

Q.35 The length and breadth of a rectangular
object are 25.2cm and 16.8cm
respectively and have been measured to
an accuracy of 0.1cm . Relative error
and percentage error in the area of the
object are.

Correct option: (A)

AA Al Ab
Astxb—p =715

AA Al Ab

0.1 0.1
(25.2 i 16.8) X100

= (0.0039 + 0.0059) x 100 =0.0099 x 100

=0.99 ~ 1%
Percentage error = Relative error x 100

=0.01

Page 7 of 10



Q.36 The magnitude of the difference between mean

value and each individual value is called

Correct option: (A)

Q.37 Two resistors of resistances Ry = 200 + 5 Q and
Ry =200 + 10 Q are connected (a) in series, (b)
in parallel. the equivalent resistance in series
and parallel combination respectively is
Correct option: (C)

(a) The equivalent resistance of series combination is, R

=R;*+Ry

~ R=(200+5)+ (200 + 10) =400 + 15 Q

(b) The equivalent resistance of parallel combination

1 1 1
— (D)

- 4 —
R R, Ry
RiRy 200 x 200

T — e = 1 Q
R, + Ry 200 + 200 00
Differentiating equation (i),
AR AR L AR
R*> R = R
AR 0\ AR
AR = (R?) —+ + (Rz) =
R; R;
100\’ 100\
= == — 1
<200) ot (200> 10

=3.75Q
R'=100+£3.75Q

Q.38 Abody of mass 10 kg is placed on a
smooth inclined plane making an angle
of 30° with the horizontal, the
component of the force of gravity trying
to move the body down the inclined
planeis [g=9.8 m/sz]

Correct option: (B)

Component of force of gravity = Fy = F sin 6

1
Fy =mgsin 30° =10 x 9.8 x 5=49N

39 A*VB
Q A physical quantity P = —————— . Out of

C-4D3/2
the quantities A, B, C and D, the quantity
which brings maximum percentage error in P
is

Correct option: (C)

In error analysis, the percentage error in a physical
quantity depends on the power/exponent of each variable.
Greater the power, more impact its error has on the overall

expression.

A3\/B
C4D?

Given:

P =

Take percentage error:

= x100= (3== 4=
P><00 3A+ +C+20

AP AA 1AB AC 3 AD
== =) x 100
2 B

So, C has the highest power (4) — its error contributes

most significantly to the percentage error in P.

|4
Q.40 The resistance R = T where V=100 +5) V

and I = (10 + 0.2) A. The percentage error in R
is
Correct option: (C)
R = Z
I

AR_AV+AI_ 5 +0'2—007
R~V I 100 10

" Percentage error: x 100=7 %

Q.41 The area of a triangle formed by the

sides of vector A and B is

Correct option: (D)

Q.42 The vector sum of two forces A and Bis

perpendicular to their vector difference.

Hence forces A and B are

Correct option: (D)
The sum of the two forces,
Fi=A+B ...(3)

The difference of the two forces,
F=A-B .. ()

Since sum of the two forces is perpendicular to

their difference,

F-F,=0
= (24—3)-(4—3):0
= A2-A.-B+B-A-B*=0
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A?=B% =|A|=|B|
Thus, the forces are equal to each other in

magnitude.

Q.43 A particle moves in x - y plane under the

action of a force F such that the x and y

components of linear momentum 7 at

any time t are 2cost and 2sint . Find

the angle between F and P at a given

time.
Correct option: (D)
7§ = 2costi + 2sint)

‘]3‘: 2v/2 units
. dp A N
Now, F' = d_lt) = —2sinti + 2costj

Taking dot product,

—

F-p= (ZCOSt’Ai + 2sint3) . (—2sint% + 2cost3)

=(2)(-2) + (AD(?)
=0
As F-p=0, 6=90°

Q.44 Identify the vector quantity among the
following
Correct option: (B)

Angular momentum has both magnitude.and direction,

therefore is a vector quantity

Q.45 The errors which are estimated by
statistical'methods are
Correct option: (B)

Q.46 Resistance of a given wire is obtained by
measuring the current flowing in it and the
voltage difference applied across it. If the
percentage errors in the measurement of the
current and the voltage difference are 3%
each, then error in the value of resistance of

the wire is

Correct option: (A)

14 AR AV | AI
R=— =+ =+~
= 3+3=6%

Q.47 When a copper sphere is heated,
maximum percentage change will be
observed in
Correct option: (C)

The percentage change in volume (3a) is the

largest because it depends on three dimensions

(length, width, and height), while the area (2a)

depends on two dimensions, and the radius (o)

depends on one dimension.

Q.48 In the determination of Young’s modulus

4MLg
Y = by using Searle’s method, a
wld?

wire of length L = 2'm and diameter d = 0.5
mm is used. For a load M = 2.5 Kg, an
extension

I = 0.25 mm in the length of the wire is
observed. Quantities d and I are measured
using a screw. gauge and a micrometer,
respectively. They have the same pitch of 0.5
mm. The number of divisions on their circular
scale is 100. The contributions to the
maximum probable error of the Y
measurement are

Correct option: (A)

Least count of both instrument

Ad=Al = Emrn =5x 10 mm
100
- 4MLg
 wld?
AY Al Ad
_— = — + 2_
Y max l d

Error in measurement of 1,

Al 0.5/100mm
I 0.25mm

=2%

Error in measurement of d,
Ad 2% g5 0.5/100
d  05mm 025

2

Q.49 The maximum and minimum magnitude of the

resultant of two given vectors are 17 units and
7 units respectively. If these two vectors are at
right angles to each other, the magnitude of
their resultant is
Correct option: (D)

Ripjax =A+ B =17 when 8 = 0°

Rpax =A—B =7 when 0 = 180°

by solving, A=12and B =5
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When 06 = 90°

thenR =14/ A2 + B2

= R=y/(12)2 + (5)2= V169 =13

Q.50 A wire has mass (0-2 =+ 0-002) gram,
radius (0-4+0-004)mm and length
(6 £0-06)cm . The percentage error in

the measurement of its density is
Correct option: (D)
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Here,
Am  0.004 Ar 0.006 AL  0.07
m 04 r 06 L 7
A _ m

T

(ﬂ) %100 =
P

< Am  2Ar AL )
+ + x100
m r L

0.2 + 0.4 6

=1+2+1=4%

.002 2 x0.004 .
(OOO % 0.00 +006>><100



