Physical World, Units
and Measurements

Numerical

Q.1 The diameter of a spherical bob is measured using a vernier callipers. 9
divisions of the main scale, in the vernier callipers, are equal to 10 divisions of
vernier scale. One main scale division is 1 mm. The main scale reading is 10 mm and
8th division of vernier scale was found to coincide exactly with one of the main scale
division If the given vernier callipers has positive zero error of 0.04 cm, then the
radius of the bob is xx 10-2 cm.
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Q.2 The acceleration due to gravity is found upto an accuracy of 4% on a planet. The
energy supplied to a simple pendulum to known mass 'm' to undertake oscillations
of time period T is being estimated. If time period is measured to an accuracy of 3%,
the accuracy to which E is known as .............. %
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Q.3 A 16 Q) wire is bend to form a square loop. A 9V supply having internal
resistance of 1() is connected across one of its sides. The potential drop across the
diagonals of the square loop is xx 10-1V
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Q.4 Student A and student B used two screw gauges of equal pitch and 100 equal
circular divisions to measure the radius of a given wire. The actual value of the



radius of the wire is 0.322 cm. The absolute value of the difference between the final
circular scale readings observed by the students A and B is
[Figure shows position of reference '0' when jaws of screw gauge are closed]

Given pitch = 0.1 cm.
25th July Morning Shift 2021

Q.5 Three students Sy, Sz and S3 perform an experiment for determining the
acceleration due to gravity (g) using a simple pendulum. They use different lengths
of pendulum and record time for different number of oscillations. The observations
are as shown in the table.

Student Length of No. of Total time Time
No. Pendulum oscillations for period
(cm) (n) n (s)
oscillations
1 64.0 8 128.0 16.0
2 64.0 4 64.0 16.0
3 20.0 4 36.0 9.0

(Least count of length = 0.1 cm and Least count for time = 0.1 s)
If E1, Ez2 and E3 are the percentage errors in 'g' for students 1, 2 and 3 respectively,
then the minimum percentage error is obtained by student no.
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Q.6 The radius of a sphere is measured to be (7.50 ++ 0.85) cm. Suppose the
percentage error in its volume is x.
The value of %, to the nearest x, is
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Q.7

The resistance R = if

value of 'x' to the nearest integer is

where WV = (50 £ 2)W and | = (20 £ 0.2)A. The percentage error in R is '%'%. The
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Numerical Answer Key
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Ans. (52)
Ans. (14)
Ans. (45)
Ans. (13)
Ans. (1)

Ans. (34)
Ans. (5)

Numerical Explanation

Ans. 1



SMSD=10V5D

9 x 1 mm=10 V5D

So1VSD = 0.9 mm

LC=1M3D —1VSD=01mm
Reading = MSR + WV5R = LC

10+8 x01=108 mm

Actual reading =108 — 0.4 =104 mm

. 10.4
mmm:§==7r:52mm

=52 ¥ 10 2cm
Ans 2.
1 T
T=2m/t=1=—2
m

= (4+3) =14%

Ans 3.

Here assume current as



4 : /\4}%\,
3i

9V § - §4Q

1Q

AAAY
40

By KVL in outer loop

9 —12i —4i=0
16i= 9
Bi=5=45
=45 x 107

Ans 4.

For (A)

Reading = MSR + CSR + Error
0.322=0.300 + CSR + 5 xx LC
0.322=0.300 + CSR + 0.005
CSR=0.017

For (B)

Reading = MSR + CSR + Error
0.322=0.200 + CSR + 0.092
CSR=0.030

Difference = 0.030 -- 0.017 =0.013 cm



0.013

Division on circular scale = oo = 13
Ans 5.
T=21%1—9g/L

" g

4wl
= g="5

A

= ?f x 100 = &L 5 100 + 2485 x 100

— (& + 222 100%

_ Wy
El_ﬁx&’;“’

Y
E2_64 0

_ 189,
By =Yy
Ans 6.

Given, radius of sphere = (7.50 + 0.85) cm

S.r=7.50and dr=0.85

2

We know, volume of a sphere v = T

taking log both sides, we get
Inv=1In %’T +3lnr
Differentiating both sides,

—0+3%

n



.". Fractional error in volume % =34
.. % error in volume,
100 = 3% % 100
=3 x 225 x 100
= 34%
Ans 7.
=T
AR %100 = 47 x 100 + 2L x 100
% ermor in R = % < 100 + n_uz x 100

Y%emorinR=4+1

SoY%errorin R =5%

MCQ (Single Correct Answer)

Q.1. A student determined Young's Modulus of elasticity using the
MgL?

formula 4bd*d

. The value of g is taken to be 9.8 m/s2, without any significant
error, his observation are as following.

Physical Least count of the
Quantity Equipment used Observed value
for measurement
Mass (M) 1lg 2 kg




Physical Least count of the
Quantity Equipment used Observed value
for measurement

Length of bar (L) 1 mm 1m
Breadth of bar (b) 0.1 mm 4 cm
Thickness of bar (d) 0.01 mm 0.4 cm

Depression (60) 0.01 mm 5 mm

Then the fractional error in the measurement of Y is :

o o
@ o0.0083
i N
© 00155

@ 0083

1st Sep Evening Shift 2021

Q.2 If velocity [V], time [T] and force [F] are chosen as the base quantities, the
dimensions of the mass will be:

QT v
O Frv
O Frr2v

Qv
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Q.3 Which of the following equations is dimensionally incorrect?

Where t = time, h = height, s = surface tension, 0= angle, p = density, a, r = radius, g =
acceleration due to gravity, v = volume, p = pressure, W = work done, T =

torque, E€ = permittivity, E = electric field, ] = current density, L = length.
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Q.4 Match List - [ with List - II.

List - | List- Il
(a) Torque (i) MLT !
(b) Impulse (i) MT 2

(c) Tension (i) ML2T—2

(d) Surface Tension (iv) MLT 2
Choose the most appropriate answer from the option given below :
O (a)-ii), (b)-(i), (c)-(v), (d)-(ii)
© (@), (b)-(i), (c)-(iv), (d)-(iii)
© (a)-(), (b)), (c)-(iv), (d)-(ii)

© (a)-ii), (b)-(iv), (c)-(i), (d)-(ii)
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Q.5 An object is placed at the focus of concave lens having focal length f. What is the
magnification and distance of the image from the optical centre of the lens?

01

@ Very high, oo
°:
0

03]

i |

31st Aug Morning Shift 2021

Q.6 If force (F), length (L) and time (T) are taken as the fundamental quantities.
Then what will be the dimension of density :

O FL 417
QO FL 317
© FL 51y
Q© [FL 3T
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Q.7 Match List - [ with List - II.



List - | List - 1l

(a) Ry (Rydberg constant) (i) kgm ts!

(b) h (Planck's constant) (ii) kgmzs‘l

(c) e (Magnetic field energy density) (iii) m !

(d) 1 (coefficient of viscocity) (iv) kg m g2

Choose the most appropriate answer from the options given below :

@ (a)-(i), (b)-(iii), (c)-(iv), (d)-(i)
© (@), (b)-i), (©)-(iv), (d)-(1)
© (@-(v), (b)-(ii), (c)-(0), (d)-(i)
@ (a)-iii), (b)-(ii), (c)-(1), (d)-(iv)
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Q.8 If E and H represents the intensity of electric field and magnetising field
respectively, then the unit of E/H will be :

@ ohm

@ newton

27st Aug Morning Shift 2021

Q.9 Which of the following is not a dimensionless quantity?



e Relative magnetic permeability (re,)

@ Power factor

@ Permeability of free space (L)

@ AQuality factor
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Q.10 If the length of the pendulum in pendulum clock increases by 0.1%, then the
error in time per day is :

O s64s
0O 132s
© 4325
@ 864s
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Q.11 Match List - [ with List - II

List-I List-II

(a) | Magnetic Induction | (i) | ML*T A"

(b) | Magnetic Flux (i) | M'L"'A

(c) | Magnetic (iii) | MT2A™
Permeability

(d) | Magnetization (iv) | MLTZA™

Choose the most appropriate answer from the options given below :



@ (@-(i), (b)-(iv), ()-(i), (d)-(ii)
@ (@), (0)-(i), (c)-(iv), (d)-(ii)
O (@xiii), (b)), (c)-(iv), [d)-()
@ (@xii), (b)), (c)-(iv), (d)-(i)
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Q.12 If E, L, M and G denote the quantities as energy, angular momentum, mass and
constant of gravitation respectively, then the dimensions of P in the formula P =
EL2M-5G-2 are:

@ [MD L1 TU]
e M L 1-|-2]
G [M1 LT 2]
Q [MD 0 T[]]
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Q.13 In a Screw Gauge, fifth division of the circular scale coincides with the
reference line when the ratchet is closed. There are 50 divisions on the circular
scale, and the main scale moves by 0.5 mm on a complete rotation. For a particular
observation the reading on the main scale is 5 mm and the 20th division of the
circular scale coincides with reference line. Calculate the true reading.

©Q 500mm

@ 525mm

© 515mm

@ 520mm
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Q.15

3
A physical quantity 'y' is represented by the formula ¥y = m’r “g“’f z

If the percentage errors found iny, m, r, 1 and g are 18, 1, 0.5, 4 and p respectively,
then find the value of x and p.

O 5and 2
© 4and +3
6 3
©® G and+t;
@ 8and+2
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Q.16 The vernier scale used for measurement has a positive zero error of 0.2 mm. If
while taking a measurement it was noted that '0' on the vernier scale lies between
8.5 cm and 8.6 cm, vernier coincidence is 6, then the correct value of measurement
is cm. (least count = 0.01 cm)

Q 858cm
© 854cm
© 856cm
@ 836cm

17th March Morning Shift 2021

Q.17 In order to determine the Young's Modulus of a wire of radius 0.2 cm



(measured using a scale of least count = 0.001 cm) and length 1m (measured using a
scale of least count = 1 mm), a weight of mass 1 kg (measured using a scale of least
count = 1 g) was hanged to get the elongation of 0.5 cm (measured using a scale of
least count 0.001 cm). What will be the fractional error in the value of Young's
Modulus determined by this experiment?

Q 0.14%
0O 9%

© 14%
Q@ 09%
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Q.18 One main scale division of a vernier callipers is 'a’' cm and nth division of the
vernier scale coincide with (n - 1)th division of the main scale. The least count of the

callipers in mm is :

10a
1

e 10na
(n—1)
G n—1 a
10mn
Q 10a
(n—1)

16th March Morning Shift 2021

Q.19 If 'C' and 'V' represent capacity and voltage respectively then what are the
dimensions of AA where C/V =17



(A (ML AT

(B [M 2L 1°T"]

[C) [M 2L 41T

Q@ M 'L31°T7

26th Feb Evening Shift 2021

Q.20 In a typical combustion engine the workdone by a gas molecule is given by W
fAz*
— a’feF

where x is the displacement, k is the Boltzmann constant and T is the temperature. If
a and 3 are constants, dimensions of a will be :

© [M°LT")

@ [MLT]

® [MLT]

@ [M2LT2
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Q.20 If e is the electronic charge, c is the speed of light in free space and h is Planck's
constant, the

le|* . .
L ™ has dimensions of -

quantity ey e




O MLT Y|
© [MLT"]
© [M°L°T"]

Q [LCT
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Q.21 Match List -  with List-1I:

List | List Il
(a) h (Planck's constant) (i) [MLT ']
(b) E (kinetic energy) (i) [ML*T ]
(c) V (electric potential) (i) [ML*T 2]

(
(
(d) P (linear momentum) (iv) [ML*I 1T 3]
Choose the correct answer from the options given below :
@ (a) — (i), (b) — iii), (c) = (iv), (d) —= ()
© (@ — (i), (b) = (i), (€) — (iv), (d) — (iii)
© (@) — (i), (b) — (i), (c) — (iv), (d) — ()
@ (@) — (i), (b) = (iv), (c) = (ii), (d) — ()
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T —om /L.
Q.22 The period of oscillation of a simple pendulum is "V Measured value

of 'L" is 1.0 m from meter scale having a minimum division of 1 mm and time of one
complete oscillation is 1.95 s measured from stopwatch of 0.01 s resolution. The
percentage error in the determination of 'g' will be :



Q 130%
O 133%
0 1.13%
© 1.03%
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Q.23 The work done by a gas molecule in an isolated system is
Y
P - kT
given by, W =afe =, where x is the displacement, k is the Boltzmann constant

and T is the temperature. aa and 3 are constants. Then the dimensions of 33 will
be:

© [M°LT)
© [MLT-?]
© [MLT?]
@ [M2LT?]
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MCQ Answer Key

1. Ans. (B) 10. Ans. (¢) 19. Ans. (a)
2. Ans. (B) 11. Ans. (d) 20. Ans. (c)



3. Ans. (a) 12. Ans. (d) 21. Ans. (a)
4. Ans. (a) 13. Ans. (c) 22. Ans. (c)
5. Ans. (c) 14. Ans. (¢) 23. Ans. (c)
6. Ans. (a) 15. Ans. (b)
7. Ans. (B) 16. Ans. (c)
8. Ans. (a) 17. Ans. (a)
9. Ans. (c) 18. Ans. (c)
MCQ Explanation
Ans 1.
_ MgL?
T abd%
i\._y:£+ 3x10°° 4.&24_3'1”I2 +£
y 2 1 4 4 5

= 107305+ 3+ 25+ 7.5+2] = 0.0155

Ans 2.



[M] = K[FT? [T]° [V]°

[M1] — [M‘IL‘IT—E]E |_—|'1]b [L1T—‘1]I:

a=1b=1,c=-1

M= [FTVY]

Ans 3.

@5 =%

Sl dt = Volumetric flow rate (Poiseuille's law)

(b) hpg = 2 cosf

(C}EX4:€D;:—3 &l:%xr%
_ 1 _ 2
_F_H’
LHS
_ I _ 2
T_I_IL
(dyW=160
Ans 4.

torque T — ML2T 2 jii)

Impulse | = MLT— (i)

Tension force = MLT 2 (iv)

Surface tension = MT 2 (ii)



Ans 5.

o

U=—f
bb=di=-3
v

==
distance = -

Ans 6.

Density = [FALPT9]

[ML ™3] = [M3L3*bT 23, bTC]

[M1 L—3] =M EILEI+|JT—23+C]

a=1 ; a+b=-3 ; —-2a+c=0
1+b=-3 c=2a
b=—-4 c=

So, density = [F1L 4T

Ans 7.



Sl unit of Rydberg const. = m~—1

Sl unit of Plank’s const. = kg m?s 1

1.—2

Sl unit of Magnetic field energy density =kgm™ 's

1c—1

Sl unit of coeff. of viscosity =kgm™ 's
Ans 8.
. E - volt/metre  poly
Unit of  is Ampore/metre — Ampere — ohm
Ans 9.

[.r'-"r] =1as Hy = e
[power factor (cos @)] = 1
= % (unit = NA—2) : Not dimensionless

[1] = [MLT %A 7]

. Energy stored
"~ Energy dissipated per cycle

quality factor (Q)

So Q is unitless & dimensionless.

Ans 10.



N
tl;:ql;F
o

AT 1 Al
T T 21
1 0.1
ﬂT_E X 5 » 24 = 3600
AT = 43.2
Ans 11.

(a) Magnetic Induction = MT 2A

(b) Magnetic Flux = ML2T—2A—1

(c) Magnetic Permeability = MLT2A—2

(d) Magnetization = ML~ 1A

Ans 12.

E=ML2T—2
L=mMLeT—?
m=M

G=M—1 #3712

_ EI?
T M

(ML*T 2)(M2LAT - ?)

ME(M ZLST 4 M°LOT®

IP1=

Ans 13.



Least count (L. C) = &2

e 0.5 05 .
True reading =5 + &5 X 20 — 5 x5

Ans 14
Ay 2Am 4A Mg 3 Al
7V - m Tt 37T

18 = 2(1) +4(0.5) + zp + 3 (4)
=8=xp

By checking from options.

_ 16 o 3
T=3,Pp=*3

Ans 15.

Reading = MSR + V5D = LC — zero error

(0.1) =6 02 -
m T 8.04 cm

Reading=85+

[ 1a 0.001em 0.001cm 0.001m
_(Trq;)+2( 0.2cm )+( 0.5¢cm )+( 1m )




-1 4 1 2 1

woo 100 | 108 | 108

_ 14104241 _ 14
- 1000 1000 * 100%

=1.4%
Ans 17.

nVSD = (n — 1) MSD
1VSD = (22 )MsD
L.C.=1MSD — 1VSD

= 1MSD — (%1 )MSD

=1MSD — 1 MSD + 3D

_ M5D
T oon

— work
V= Q
@ ()
" (work)®  (F.s)
[*T?]

= —[M 2L T
[ML2T-2|



Ans 19.

kT has dimension of energy
%"E is dimensionless
[B[L?] = [ML*T ]

[6] = [MT 2]

a3 has dimensions of work
[o?][MT 2] = [ML*T

fa] = [M°LT"]

Ans 20.



Given

e = electronic charge

c = speed of light in free space
h = Planck's constant

We know, E = "3—;

1
ey

and F =

2,
|

=

5

n

a

F|"a

dxeg

_ Id?
T OEA

_ Fdd
- EXx

| h

= dimensionless

= [M"L'T"]

Ans 21.
Kinetic Energy,
smv? = [ML*T 7|

Momentum,

mu = [MLT |



FPlank constant -
E = hy
= MIT 2=hx %

= h = [ML*T |

Alzo, E =gV
2
~ V= % — [ML*T %C
Ans 22.

Given, T = 2my/ £ . (i)
where, time period, T=1955
Length of string, [ =1 m
Acceleration due to gravity = g

Error in time period, AT=0.01s5=10"2s

Errorin length, AL=1mm=1x 10"3m

Squaring Eq. (i) on both sides, we get



Ans 23.

where, k is Boltzmann constant,

T is temperature and x is displacement.

’l

et ] 07090 _ =
'[mﬂ" = IMELTTT] = la] = 3

Since, dimensions of k are

[k] = [M'L2T 2K 1] (i)

Dimensions of temperature are

Substituting Eqgs. (ii) and (i1} in Eq. {i), we get

. 7]
[CE] - [_pJILET 2R 1||K|
la] = [M 177

According to dimensional analysis,

W] = [aB?)
LY
= [."32] = Tl
= (g = X = T )

= (8] = [MLT 7|



MCQ (Single Correct Answer)

Q.1 Statement I:

+ - * ¥ 4 4
(P . Q) and (P Q) where P 1Q)
hen act at an angle 01 to each

VIPT QY

Two forces

other, the magnitude of their resultant is when they act at an

VIPTTEP)

angle 602, the magnitude of their resultant becomes This is possible
only when 61<62

Statement II:

In the situation given above.

01 =60°and 62 = 90°
In the light of the above statements, choose the most appropriate answer from the
options given below :-

@) statement | is false but Statement 11 is frue
© ©Both Statement | and Statement |1 are true
@ statement | is true but Statement Il is false

@ Botn Statement | and Statement 11 are false.

31st Aug Evening Shift 2021

—r —F — —> —
OP,0Q,0R,0S and OT

Q.2 The resultant of these forces is approximately .......... N.

[Take v/3 = 1.7, /2 = 1.4 Given i and j unit vectors along x, y axis)



15N

60°

20N

30°

30°

45°

15N

S

0 9.25i + 55

© 3i+15j

@® 25i —145j

20N

@ 1.5 155]

27th Aug Morning Shift 2021

Q.3 The angle between vector

(

—

A

o

— =

A-B

)s



1 { /3B
© tan (—M B)

1 Brosf
© tan (.4 Bsma)

26th Aug Evening Shift 2021

OA. OB and OC

Q.4 The magnitude of vectors in the given figure are equal. The

direction of

OA+ OB~ O0C yith x-axis will be :
y
o
A
45°N,_¢30°
X
O\/60°
B

G tan (14+4/34+/2)

@ tan 1Y)

(14+4/3-4/32)

G tan 1 (V3-144/2)

(1-v3+/2)

@ tan 1 (143 v2)
26th Aug Morning Shift 2021

Q.5 Assertion A: If A, B, C, D are four points on a semi-circular are with centre at 'O
such that

Aé} _ IBC?‘ _ \cf,-}_ then AD 4+ AC 4 AD — 440 + OB + OC

Reason R: Polygon law of vector addition yields AB+ BC+CD+AD =240



B €

In the light of the above statements, choose the most appropriate answer from the
options given below :

@ Ais correct but R is not correct.
@ Ais not correct but R is comrect.
® Both Aand R are correct and R is the correct explanation of A.

Q Both A and R are correct but R is not the correct explanation of A.

27th July Morning Shift 2021

Q.6
g o — =¥ o
Two vectors X and ¥ have equal magnitude. The magnitude of (X — Y )iz n times the magnitude of (X

— — —
+¥ ) The angle between X and ¥ is -

2

1 n-—1
© cos ' (1)
21
@ cos ' (=)
n? 1
241
© cos ! (2L
n? 1
241
@ cos ' (1)
n? 1

25th July Evening Shift 2021

Q.7 Match List - [ with List - II



ListI List II
2-% -8 =0 s
@ 0 XV
B
e E -
(b) A-C-B=0 (id) B
—
A
-
e C
(@ B-A-C=0 (i) »7
A 5
B
- - - —A)
@ A+B=-C (iv) #7
L5

Choose the correct answer from the options given below:

@ (@ — (V). (b) = (i), (c) — (i), (d) — (i)
© @ — (V). (b) = (i), (c) — (i), (d) — (i)
© (@) — (). () = (i), (c) — (w). (@) — ()
© @ — (). (o) — (), (c) — (i), (d) — (i)
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Q.8 What will be the projection of vector -
O V2(i+7i+k)

O (i+7)

© V2(i +J)

@ 2i+j+k)

22th July Evening Shift 2021



Q.9

— —

— = K —
P — () then angle between P and () is -

20th July Evening Shift 2021

Q.10

- = —»

If A and B are two vectors satisfying the relation A .

© VA2 + B2+ 24B
Q VA + B

® VA2 + B2 \24B

© VA’ + B2 +24AB

20th July Morning Shift 2021

- |—=
B={Ax

— =
Two vectors P and @ have equal magnitudes. If the magnitude of P + @ is n times the magnitude of

5|

Then the value of

- =
A — Blwilbe:



MCQ Answer Key

Ans. (b)
Ans. (A)
Ans. (c)
Ans. (A)
Ans. (d)
Ans. (b)
Ans. (b)
Ans. (b)
Ans. (d)

O A WD R

10. Ans. ()

MCQ Explanation

For

IB‘ = /2(P2? + Q2%)(1 + cos#)

v 5 P
A B‘ = V3(P* + Q%)



9, = 60°

For

4 + E‘ = +/2(P2 + Q%)

Gy = 90°
Ans 2.
15 cos 60°
20 cos 30°
10 sin 30°
15 COS 45°
15 Sin 60° O 10cos30° 20sin30° 20cosd5® X
15 sin 45°
20 sin 45°

v &

F=(10xF+20(3)+20(L)-15(L)-15(F)):

— 0.25;

F,= (15 (%) +20(

“‘l &l

) +10(4) 15 (3) ()3

(2]




60° .
A

— — _
Angle between 4 and B, #=60°

o o
Angle between A and -B, 8=120"

— —+ =
Ifangle between 4 and A — B is o

*
| I sin®
then tanax =— -
A li Blcos@
— _ Bsin120"
A4 Beos 120°
+1
s
i
A5
Vin
= tan o = AT

Let magnitude be equal to A

a: A [::053[}"'; - si.u3']j"] = A [‘Tﬁ? T %j]



D_B}: A [msﬁﬂ“; —sinﬁﬂ}] = A [%t - L;j]

V2 V2

ﬁ = A [-:0545”{—%] + sin45.}] = A [—L_z + L’J]

—_— —h —

-.OA+ OB - 0C

1
T A 1 [‘f‘“i Ve 2]
| = tan = =
1,-'ﬂl-\-"z|2

= tan ! [1 = Vﬁ]

VI 14T

Hence option (a).

Ans 5. Polygon law is applicable in both but the equation given in the reason is not
useful in explaining the assertion.

Ans 6. Given X =Y

VX2+Y2—-2xYcosh

=nyX2+ Y2+ 2% Ycosh

Square both sides
2X2%(1 — cosf) = n.2X%(1 + cosf)

1—cosf = n®+nlcosd

1-=n?

cosfl = Tt

ni-1
E'=-:c-sl[ 5 ]

n-—1



Ans 7.
- =+ =
(ayC =A + B
Option (iv)

i s e
(b)A =B+C =C +B
Option (iii)

e e
c)B=A+C
Option (i)

— = =
A +B+C =0
Option (ii)

Ans 8.

Projection = 4B (B)

#

B

V3 V3

B (i+3)
= —= X

2
V3

(5]

— (i +3)

Ans 9.

P?+ Q@+ 2PQcosf = n*(P? + Q* — 2PQ cos )



Using (i) in above equation

nt-1
14n?

2
1

f=cos '[Z
nd |l

Ans 10.

cos @ =

—+ = | =
Given,A.B:}

Also, we know that

-+ = |2
A .B:‘A”B cos@ ____ (ii)

From Egs. (i), (ii) and (iii), we get

—* |— — =
’AHB cns&=‘A”B sinf
:;-coc-sfi'zsi_uﬂ;‘-%zl

=tanf =1

= tan f = tan 45" = # = 45"

cos

- = ' ==
.'.‘A —B‘:l/Aﬂ—I-B?—Z‘AHB

' 1=
_ \/A? B2 ‘A ' |B cos(45°)

=42+ B?— \24B



1.

3.

:':T OPIC H Dimensions of Physical @

The density of a material in SI unit is 128 kg m>. In
certain units in which the unit of length is 25 cm and
the unit of mass is 50 g, the numerical value of density
of the material is: [10 Jan. 2019 1]
(a) 40 (b) 16 (c) 40 (d) 410
Ametal sample carrying a current along X-axis with density J, is
subjected to a magnetic field B, (along z-axis). The electric field
E,, developed along Y-axis is directly proportional to J, as well
as B, The constant of proportionality has SI unit

[Online April 25, 2013]
2 3 m? As
© - @ 3

Quantities

1

E
VHogo B

defined where C-capacitance, R-Resistance, /-length,

The quantities x=

E-Electric field, B-magnetic field and ¢, p, - free

space permittivity and permeability respectively. Then :
[Sep. 05, 2020 (IT)]

(a) x, y and z have the same dimension.
(b) Only x and z have the same dimension.
(c) Only x and y have the same dimension.
(d) Only y and z have the same dimension.
Dimensional formula for thermal conductivity is (here K
denotes the temperature : [Sep. 04, 2020 (I)]
(a) MLT2K (b) MLT 2K
(c) MLT3K (d) MLT3K!
A quantity x is given by (IFv2/WL*) in terms of moment of
inertia /, force F, velocity v, work W and Length L. The
dimensional formula for x is same as that of :

[Sep. 04, 2020 (IT)]
(b) force constant
(d) coefficient of viscosity

(a) planck’s constant
(c) energy density

10.

11.

12.

Amount of solar energy received on the earth's surface

per unit area per unit time is defined a solar constant.

Dimension of solar constant is :  [Sep. 03, 2020 (ID)]

(@) ML’T? (b) MLT

(c) M2LOT! (d) MLT

If speed V, area A and force F are chosen as fundamental

units, then the dimension of Young's modulus will be :
[Sep. 02,2020 (I)]

(a) FA2V! (b) FA2V3

(c) FA2V?? (d) FAT'VO

If momentum (P), area (A) and time (T) are taken to be the

fundamental quantities then the dimensional formula for

energy is : [Sep. 02, 2020 (1I)]

(a) [P?AT] (b) [PA™'T?]

(© [PATT] (d) [P'2AT]

Which of the following combinations has the dimension
of electrical resistance (€, is the permittivity of vacuum
and , is the permeability of vacuum)?

[12 April 2019 1]
Ho Ho
@ o ® o

e e
© \/E d H—Z

In the formula X = 5YZ?, X and Z have dimensions of
capacitance and magnetic field, respectively. What are
[10 April 2019 II]
(b) [MTL2T*AY
(d) [M2L2TCA?

the dimensions of Y in SI units ?
(@) M3 L2T3AY
(¢c) [M2L°T*A7]

fe
In SI units, the dimensions of H_O is: [8 April 2019 1]
0

(@) A'TML? (b) AT>M'L"!
(c) AT>ML* (d) A’T°M'L?
Let /, r, ¢ and v represent inductance, resistance,
capacitance and voltage, respectively. The dimension of

l
— 1in ST units will be :
rev
@ [LA2]
(o) [LTA]

[12 Jan. 2019 11|

(®) [A]
(d) [LT7]
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13.

14.

15.

16.

17.

18.

19.

20.

The force of interaction between two atoms is given by
2

x . . .
F=ofexp| ——— ; where x is the distance, k is the
okT

Boltzmann constant and T is temperature and o and 3 are
two constants. The dimensions of f is:  [11 Jan. 2019 I]

(a) MOL2T# (b) M2LT#
() MLT? (d) M2L2T2
Ifspeed (V), acceleration (A) and force (F) are considered

as fundamental units, the dimension of Young’s modulus

will be : [11 Jan. 2019 II]
(a) V2A%F2 (b) V2A%F
(c) V*A%F (d) V*A%F

f 5
A quantity f'is given by f= % where c is speed of

light, G universal gravitational constant and / is the Planck’s
constant. Dimension of f'is that of : [9 Jan. 2019 1]
(a) area (b) energy

(c) momentum (d) volume

Expression for time in terms of G (universal gravitational
constant), h (Planck's constant) and ¢ (speed of light) is
proportional to: [9 Jan. 2019 II]

hc5 c3
@ & ® \Gn
Gh Gh
- d) |—
(©) 1/Cs (d 1/03

The dimensions of stopping potential ¥ in photoelectric
effect in units of Planck’s constant ‘/4’, speed of light ‘¢’
and Gravitational constant ‘G’ and ampere 4 is:

[8 Jan. 2019 I]
(b) hZ/SCS/SGl/SA -1
(d) h2G3/2C1/3 A—l

(a) hl/3G2/3Cl/3 A -1

(C) h—2/3 e—1/3 G4/3 A—l
B2

The dimensions of ——, where B is magnetic field and

is the magnetic permee?bility of vacuum, is:

[8 Jan. 2019 II]
(a) MLT? (b) ML*T!
(c) MLT? (d ML'T?
The characteristic distance at which quantum gravitational
effects are significant, the Planck length, can be determined
from a suitable combination of the fundamental physical
constants G, h and c. Which of the following correctly
gives the Planck length? [Online April 15, 2018]

1

Gh 2 1
(@ G?he (b) [0—3] © Gap2e (@ G2

Time (T), velocity (C) and angular momentum (h) are
chosen as fundamental quantities instead of mass, length
and time. In terms of these, the dimensions of mass would
be : [Online April 8, 2017]

21.

22.

23.

24.

25.

(@ [MIF[T'C2h] (b) [M]-[T'C?h]

© [MIS[T'C?h'] (d) [M]-[TC?h]

A, B, Cand D are four different physical quantities having

different dimensions. None of them is dimensionless. But

we know that the equation AD = C In (BD) holds true.

Then which ofthe combination is not a meaningful quantity ?
[Online April 10, 2016]

£ _ap® > _pace
(a) ¢ (b) AZ-B2C
© S-C @ L2

In the following 'T' refers to current and other symbols

have their usual meaning, Choose the option that

corresponds to the dimensions of electrical conductivity :
[Online April 9, 2016]

(@) M 1L3T31 (b) M IL3T312

() M IL3T31 (d) ML3T312

If electronic charge e, electron mass m, speed of light in

vacuum c and Planck’s constant h are taken as fundamental

quantities, the permeability of vacuum i, can be expressed

in units of : [Online April 11, 2015]

h [ hc j
(a) [m_ezj (b) mez

h me?
© [Cez) @ |G

Ifthe capacitance of a nanocapacitor is measured in terms
of a unit ‘u’ made by combining the electric charge ‘e’,
Bohr radius ‘a;’, Planck’s constant ‘h’ and speed of light

‘¢’ then: [Online April 10, 2015]
2
e“h hc
(@ u=—o (b) u=—
aO € aO
2 2
© u=—S ) u="20
hao hC

From the following combinations of physical constants
(expressed through their usual symbols) the only
combination, that would have the same value in different
systems of units, is: [Online April 12, 2014]

ch
@ 21‘58(2)

e2

(b)

- 5 (m, = mass of electron
21t80Gm2 (m )

€
Mogo G
© "2 2
2m Ho€o h

@ —2 G
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26.

27.

28.

29.

30.

31.

32.

33.

34.

P-3

In terms of resistance R and time T, the dimensions of ratio
% of the permeability p and permittivity € is:

[Online April 11, 2014]
(@) [RTZ](b) [RT']  (¢) [R*] (@ [R*T?]
Let [ €, ] denote the dimensional formula of the permittivity

of vacuum. If M = mass, L = length, T = time and A =
electric current, then: [2013]

@@ g =MT'L3T?A] (b) ¢, =M 'L3T*A?]

(© =[M'L>T'A%] (d) g =[M'L2T!A]

If the time period ¢ of the oscillation of a drop of liquid of
density d, radius r, vibrating under surface tension s is given

by the formula ¢ =+/r205¢ @%'? . It is observed that the

l[d
time period is directly proportional to,/— . The value of b
s

should therefore be : [Online April 23, 2013]
3

@ 5 ® V3
3 2

© 5 @ 3

The dimensions of angular momentum, latent heat and
capacitance are, respectively.  [Online April 22, 2013]

@ ML*T'AZ 1’72, M'L721?
(b) ML*T2, 1>T?, M~ 'L 2T%A2
() ML2T7!, 12772, ML2TA?

@ MLIT ', 2772, ML 2T4A

Given that K = energy, V= velocity, 7= time. If they are
chosen as the fundamental units, then what is dimensional
formula for surface tension? [Online May 7, 2012]
(@) [KV2T2] (b) [K212T2]

(© [K*V2T72] d [KV*T%]

The dimensions of magnetic field in M, L, T and C
(coulomb) is given as [2008]
(@ [MLT'CT]
(© MT'CT]

(b) [MT?>C?]
(d [MT>CT]

Which of the following units denotes the dimension
ML?

—5 , where Q denotes the electric charge?
(a) Wb/m? (b) Henry (H)
(c) Hm? (d) Weber (Wb)
Out of the following pair, which one does NOT have
identical dimensions ? [2005]
(a) Impulse and momentum

(b) Angular momentum and planck’s constant

(c) Work and torque

(d) Moment of inertia and moment of a force

Which one of the following represents the correct
dimensions of the coefficient of viscosity? [2004]

[2006]

3s.

36.

37.

38.

39.

40.

41.

(b) [MLT_IJ

(d) [ML‘zT‘zJ

(@ [ML'T]
© |ML'T?]

Dimensions of

, where symbols have their usual

Moo
meaning, are [2003]
(@) [L'T] (b) [L2T?]
© [L°T?] @ LT

The physical quantities not having same dimensions are

(@) torque and work [2003]
(b) momentum and planck’s constant

(c) stress and young’s modulus

(d) speed and (“080)71/2

Identify the pair whose dimensions are equal ~ [2002]

(@) torque and work
(c) force and stress

(b) stress and energy
(d) force and work

A screw gauge has 50 divisions on its circular scale. The
circular scale is 4 units ahead of the pitch scale marking,
prior to use. Upon one complete rotation of the circular
scale, a displacement of 0.5 mm is noticed on the pitch
scale. The nature of zero error involved, and the least
count of the screw gauge, are respectively :

[Sep. 06, 2020 (I)]
(b) Positive, 10 pm
(c) Positive, 0.1 mm (d) Positive, 0.1 pm
The density of a solid metal sphere is determined by
measuring its mass and its diameter. The maximum error in

x
the density of the sphere is (1 00

in measuring the mass and the diameter are 6.0% and 1.5%
respectively, the value of x is

(a) Negative, 2 pm

j %. Ifthe relative errors

[NA Sep. 06, 2020 (D]
A student measuring the diameter of a pencil of circular
cross-section with the help of a vernier scale records the
following four readings 5.50 mm, 5.55 mm, 5.45 mm,
5.65 mm, The average of these four reading is 5.5375 mm
and the standard deviation of the data is 0.07395 mm. The
average diameter of the pencil should therefore be re-
corded as : [Sep. 06, 2020 (II)]
(@ (5.5375+£0.0739)mm (b) (5.5375+0.0740)mm

© (5538+0074)mm  (d) (5.54+0.07)mm

A physical quantity z depends on four observables a, b, ¢
2
a’h3 .
andd,asz= . The percentages of error in the mea-
cd

surement of a, b, c and d are 2%, 1.5%, 4% and 2.5% respec-
tively. The percentage of errorin z is :
[Sep. 05, 2020 (I)]



P4

42.

43.

44.

45.

46.

47.

48.

(@ 12.25% (b) 16.5%
(c) 13.5% (d) 14.5%
Using screw gauge of pitch 0.1 cm and 50 divisions on its
circular scale, the thickness of an object is measured. It
should correctly be recorded as :  [Sep. 03, 2020 (I)]
(@ 2.121cm (b) 2.124cm
(c) 2.125cm (d) 2.123cm
The least count of the main scale of a vernier callipers is
1 mm. Its vernier scale is divided into 10 divisions and
coincide with 9 divisions of the main scale. When jaws are
touching each other, the 7" division of vernier scale
coincides with a division of main scale and the zero of
vernier scale is lying right side of the zero of main scale.
When this vernier is used to measure length of a cylinder
the zero of the vernier scale betwen 3.1 cm and 3.2 cm and
4% VSD coincides with a main scale division. The length
ofthe cylinder is : (VSD is vernier scale division)
[Sep. 02, 2020 (I)]
(@ 32cm (b) 3.21cm
(c) 3.07cm (d) 2.99cm
Ifthe screw on a screw-gauge is given six rotations, it moves
by 3 mm on the main scale. If there are 50 divisions on the
circular scale the least count of the screw gauge is:
[9 Jan. 2020 I]
(a) 0.001cm (b) 0.02mm
(c) 0.01cm (d) 0.00lmm
For the four sets of three measured physical quantities as
given below. Which of the following options is correct?
[9 Jan. 2020 II]
(A) A, =24.36,B,=0.0724,C, =256.2
(B) A,=24.44,B,=16.082,C,=240.2
©) A,=252,B,=19.2812,C,=236.183
(D) A,=25,B,=236.191,C,=19.5
(@ A,+B,+C,<A +B +C <A +B+C <A +B +C

4 1 3 2 2

(b) Al +B1 +C1 :A2+B2+C2:A3+B3+C3 :A4+B4 +C4
(© A4+B4+C4<A1 +B1 +C1 :A2+B2+C2:A3+B3 +C3
(d) Al +B1 +C1 <A3+B3+C3 <Az+Bz+C2<A4+B4 +C4
A simple pendulum is being used to determine the value
of gravitational acceleration g at a certain place. The length
of the pendulum is 25.0 cm and a stop watch with 1 s
resolution measures the time taken for 40 oscillations to
be 50 s. The accuracyin g is: [8 Jan. 2020 II]
(@) 5.40% (b) 3.40%

(c) 4.40% (d) 2.40%

In the density measurement of a cube, the mass and edge
length are measured as (10.00 £ 0.10) kg and (0.10 £ 0.01)
m, respectively. The error in the measurement of density
is: [9 April 2019 1]
(@ 0.01kg/m’ (b) 0.10kg/m*

(¢) 0.013 kg/m? (d) 0.07kg/m?

The area of a square is 5.29 cm?. The area of 7 such
squares taking into account the significant figures is:

[9 April 2019 II]

49.

50.

51.

52.

53.

54.

5S.

(@ 37cm? (b) 37.030 cm’

(c) 37.03cm? (d) 37.0cm?

In a simple pendulum experiment for determination of
acceleration due to gravity (g), time taken for 20
oscillations is measured by using a watch of 1 second
least count. The mean value of time taken comes out to be
30 s. The length of pendulum is measured by using a
meter scale of least count 1 mm and the value obtained is
55.0 cm. The percentage error in the determination of g is
close to : [8 April 2019 II]
@ 0.7% (b) 02% (c) 3.5% (d) 6.8%

The least count of the main scale of a screw gauge is 1 mm.
The minimum number of divisions on its circular scale

required tomeasure 5 pm diameter of a wire is:
[12 Jan. 2019 1]

(@ 50 (b) 200 (c) 100 (d) 500

The diameter and height of a cylinder are measured by

a meter scale to be 12.6 + 0.1 cm and 34.2 + 0.1 cm,

respectively. What will be the value of its volume in

appropriate significant figures? [10 Jan. 2019 II]

(a) 4264 £81cm’ (b) 4264.4+81.0 cm’

() 4260+80cm’ (d) 4300+80cm’

The pitch and the number of divisions, on the circular

scale for a given screw gauge are 0.5 mm and 100

respectively. When the screw gauge is fully tightened

without any object, the zero of its circular scale lies 3

division below the mean line.

The readings of the main scale and the circular scale, for

a thin sheet, are 5.5 mm and 48 respectively, the

thickness of the sheet is: [9 Jan. 2019 II]

(@) 5.755mm (b) 5.950mm

(c) 5.725mm (d) 5.740mm

The density of a material in the shape of a cube is

determined by measuring three sides of the cube and its

mass. If the relative errors in measuring the mass and

length are respectively 1.5% and 1%, the maximum error

in determining the density is: [2018]

@ 25% (b) 3.5% (c) 4.5% (d) 6%

The percentage errors in quantities P, Q, Rand S are 0.5%,

1%, 3% and 1.5% respectively in the measurement of a
. . P’Q?

physical quantity A RS

The maximum percentage error in the value of A will be
[Online April 16, 2018]

(@ 85% (b) 6.0%

(c) 7.5% (d) 6.5%

Therelative uncertainty in the period of a satellite orbiting

around the earth is 10-2. If the relative uncertainty in the

radius of the orbit is negligible, the relative uncertainty in

the mass of the earth is [Online April 16, 2018]

(a) 3x102 (b) 1072

(c) 2x1072 (d) 6x1072
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56.

57.

58.

59.

60.

61.

62.

P-5

The relative error in the determination of the surface area
of a sphereis a.. Then the relative error in the determination
of its volume is [Online April 15, 2018]
2 3

@ o © o
In a screw gauge, 5 complete rotations of the screw cause
itto move a linear distance of 0.25 cm. There are 100 circular
scale divisions. The thickness of a wire measured by this
screw gauge gives a reading of 4 main scale divisions and
30 circular scale divisions. Assuming negligible zero error,
the thickness of the wire is: [Online April 15, 2018]
(@) 0.0430cm (b) 0.3150cm

(c) 0.4300cm (d) 0.2150cm

The following observations were taken for determining
surface tensiton T of water by capillary method :
Diameter of capilary, D=1.25x 10?m

rise of water,h=1.45x 102 m

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

2
©® So @ o

rh
7="5510° N/m, the possible error in surface tension

is closest to : [2017]

@ 2.4% (b) 10% (© 0.15% (d) 1.5%

A physical quantity P is described by the relation

P — a1/2 b2 C3 d~4

If the relative errors in the measurement of a, b, ¢ and d
respectively, are 2%, 1%, 3% and 5%, then the relative
error in P will be : [Online April 9,2017]
@ 8 (b)) 12% (© 32% (d) 25%

A screw gauge with a pitch of 0.5 mm and a circular scale
with 50 divisions is used to measure the thickness of a
thin sheet of Aluminium. Before starting the measurement,
it is found that wen the two jaws of the screw gauge are
brought in contact, the 45 division coincides with the
main scale line and the zero of the main scale is barely
visible. What is the thickness of the sheet if the main scale
reading is 0.5 mm and the 25th division coincides with the

main scale line? [2016]
(a) 0.70 mm (b) 0.50 mm
(¢) 0.75mm (d) 0.80mm

A student measures the time period of 100 oscillations of
a simple pendulum four times. The data setis 90's, 91 s, 95
s, and 92 s. If the minimum division in the measuring clock
is 1 s, then the reported mean time should be: [2016]
(@ 92+ 1.8s (b) 92 £ 3s

(©) 92+ 15s (d) 92+ 5.0s

The period of oscillation of a simple pendulum is

L
T=2r, |— - Measured value of L is 20.0 cm known to 1 mm

accuracy and time for 100 oscillations of the pendulum is
found to be 90 s using a wrist watch of 1s resolution. The
accuracy in the determination of g is :

[2015]
@ 1% d) 3%

b) % © 2%

63.

64.

65.

66.

Diameter of a steel ball is measured using a Vernier callipers
which has divisions of 0.1 cm on its main scale (MS) and
10 divisions of its vernier scale (VS) match 9 divisions on
the main scale. Three such measurements for a ball are

given as: [Online April 10, 2015]
S.No. | MS(cm) | VS divisions
L. 0.5 8
2. 0.5 4
3. 0.5 6

Ifthe zero error is— 0.03 cm, then mean corrected diameter
is:

(@ 0.52cm (b) 0.59 cm

(c) 0.56cm (d) 0.53cm

The current voltage relation of a diode is given by

I= (elooov/ ' —1) mA, where the applied voltage V is in

volts and the temperature T is in degree kelvin. If a student

makes an error measuring +0.01 V while measuring the

current of 5 mA at 300 K, what will be the error in the

value of current in mA? [2014]

@ 02mA (b) 0.02mA (c) 0.5mA (d) 0.05mA

A student measured the length of a rod and wrote it as 3.50

cm. Which instrument did he use to measure it?

[2014]

(a) A meter scale.

(b) A vernier calliper where the 10 divisions in vernier
scale matches with 9 division in main scale and main
scale has 10 divisions in 1 cm.

(c) A screw gauge having 100 divisions in the circular
scale and pitch as 1 mm.

(d) A screw gauge having 50 divisions in the circular scale
and pitch as 1 mm.

Match List - I (Event) with List-II (Order of the time interval

for happening of the event) and select the correct option

from the options given below the lists:

[Online April 19, 2014]
List-1 List - IT
(1) |Rotation () 110°s

period of earth

(2) [Revolution (i) {107 s
period of earth

(3) |Period of light
wave

(4) |Period of
sound wave

@) (D), (2)(i), 3)-(ii), (4)-(iv)
(b) (D-(i), (2)-1), 3)-(iv), (4)(ii)
(© (D), (2)-(1), (3)-(v), (4)(iii)
(d) (D), (2)1), 3)-(ii), (4)-(iv)

(i) 107" s

(iv)]1073s
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67.

68.

69.

70.

71.

In the experiment of calibration of voltmeter, a standard cell
ofe.m.f. 1.1 voltis balanced against 440 cm of potential wire.
The potential difference across the ends of resistance is
found to balance against 220 cm of the wire. The
corresponding reading of voltmeter is 0.5 volt. The error in
the reading of volmeter will be: [Online April 12, 2014]

(a) —0. 15 volt (b) 0.15 volt
(c) 0.5volt (d) —0.05 volt

An experiment is performed to obtain the value of
acceleration due to gravity g by using a simple pendulum of
length L. In this experiment time for 100 oscillations is
measured by using a watch of 1 second least count and the
value is 90.0 seconds. The length L is measured by using a
meter scale of least count | mm and the value is 20.0 cm. The
error in the determination of g would be:

[Online April 9, 2014]
@ 1.7% (b) 2.7% (c) 44% (d) 227%
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 [2012]
(@ 6% (b) zero © 1% d) 3%
A spectrometer gives the following reading when used to
measure the angle of a prism.
Main scalereading : 58.5 degree
Vernier scale reading : 09 divisions
Given that 1 division on main scale corresponds to 0.5
degree. Total divisions on the Vernier scale is 30 and match
with 29 divisions of the main scale. The angle of the prism
from the above data is [2012]
(a) 58.59 degree (b) 58.77 degree
(c) 58.65degree (d) 59 degree
N divisions on the main scale of a vernier calliper coincide
with (N + 1) divisions of the vernier scale. If each division of
main scale is ‘a’ units, then the least count of the instrument

is [Online May 19, 2012]
a
@ a ®
N a
© N1 @ o

72.

73.

74.

75.

76.

77.

A student measured the diameter of a wire using a screw
gauge with the least count 0.001 cm and listed the
measurements. The measured value should be recorded

as [Online May 12, 2012]
(a) 5.3200cm (b) 53cm
(¢) 532cm (d) 5320cm

A screw gauge gives the following reading when used to
measure the diameter of a wire.

Main scale reading : 0 mm

Circular scalereading : 52 divisions

Given that Imm on main scale corresponds to 100 divisions
of the circular scale. The diameter of wire from the above

data is [2011]
(@ 0.052cm (b) 0.026cm
(c) 0.005cm (d) 0.52cm

The respective number of significant figures for the

numbers 23.023,0.0003 and 2.1 x 1073 are [2010]
(@ 5,1,2 (b) 5,1,5
() 5,52 (d) 4,4,2

In an experiment the angles are required to be measured
using an instrument, 29 divisions of the main scale exactly
coincide with the 30 divisions of the vernier scale. If the
smallest division of the main scale is half- a degree
(=0.5°), then the least count ofthe instrumentis: [2009]
(a) halfminute (b) one degree

(c) halfdegree

A body of mass m = 3.513 kg is moving along the x-axis
with a speed of 5.00 ms~!. The magnitude of its momentum
is recorded as [2008]
(@ 17.6kgms™! (b) 17.565kgms™!

(c) 17.56kgms™! (d) 17.57kgms™!

Two full turns of the circular scale of a screw gauge cover a
distance of lmm on its main scale. The total number of
divisions on the circular scale is 50. Further, it is found that
the screw gauge has a zero error of — 0.03 mm. While
measuring the diameter of a thin wire, a student notes the
main scale reading of 3 mm and the number of circular scale
divisions in line with the main scale as 35. The diameter of

(d) oneminute

the wire is [2008]
(@ 3.32mm (b) 3.73mm
(¢) 3.67mm (d) 3.38mm
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Hints & Solutions

(a) Density of material in SI unit,

128kg

m3

Density of material in new system

- M = %(20)= 40 units
(250m) (4) 64

(b) According to question

E, «J,By
". Constant of proportionality
Byl J, As

E I
As —=C d of light) and J =
[As B (speed of light) an Are

(a) We know that

=X

1
Speed of light, ¢ =
VHo€o

E
Also, c=—=
B y

Time constant, T= Rc =t

Il
s.z=—="==Speed
V4 Re p pee

Thus, x, y, z will have the same dimension of speed.

T
9 49T

(d) From formula,
dt dx

(%)
dt
%)
dx
[ML’T ]
kl=—5——"
[L°][KL]
(¢) Dimension of Force F=M'L!T2
Dimension of velocity V' = LIT!
Dimension of work = M'L2T2

Dimension of length =L
Moment of inertia = ML?

= k=

=[MLTK™]

IR
X = 7
WL

10.

_ (MILZ )(MILIT—Z )(LIT—Z )2
MLT )L

ML 2T 2 o
= T =M'L'T? = Energy density
_ Energy
(b) Solar constant Time Area

Dimension of Energy, E = ML?T2
Dimension of Time =T
Dimension of Area = L2

.. Dimension of Solar constant

= &232 =M'L’T,
TL

stress

(d) Young's modulus, ¥ =

Ly=E AL patyo

strain

(¢) Energy, E oc A°T"P*

or, E = kA“T"P* -..(i)

where £ is a dimensionless constant and a, b and ¢ are the
exponents.

Dimension of momentum, P = p'7!77!

Dimension of area, 4 = L2

Dimension of time, 7= T'!

Putting these value in equation (i), we get

M1L2T72 — McL2a+chfc

by comparison

c=1

2a +c=2
b—c=-2
c=1l,a=1/2,b=-1
s E=A4"T7'P

/TN
Il
>

[ 2
Ko Ko
(a) ,/— = = Hoc
€0 €oMto

e — MLT?A”x LT
ML?T3A2

Dimensions of resistance
(a) X=5Y7?

VMoo

X
=Y OC? ()



11.

12.

13.

14.

Physics

2 252
X = Capacitance :2 = Q_ — %
VoW [MIPT?)
X =[M'L?TA%]
F
Z=B=7 " F=ILB
IL [ ]
7= [MT*Z A—l]
y M%)
MT247'P
Y= [MPLPTAT] (Using (1))

i e
(d) o Hoto m =g CILT"]x[¢g ]

T

2
v po_4 .
4neg,yr

_[4r?
= leol= [MLT2]x[I%]

. { \/8:0} =[LT " |x[4*M 7' L34
Mo

C MR A2
(b) As we know,

|00 and [
JEH A1)

(b) Force of interaction between two atoms,

[ AAMT

okT
F=oape
Since exponential terms are dimensionless
2
X
= | = pOy 00
o { okT } = MLT

L2
- [a]ML?T~2
= [a] =MT?
[F]=[a] [B]
MLT2= M‘sz[B]
= [B]=M2LT*
(d) Let[Y]=[V]*[F]°[A]°
[ML-'T-2]=[LT '] [MLT2]® [LT 2]
[ML—IT—Z] — [MbLa+b+c T—a—Zb—Zc]

Comparing power both side of similar terms we get,

=ML01°

15.

16.

17.

18.

b=1,a+b+c=-1,-a-2b-2c=-2
solving above equations we get:
a=—4,b=1,c=2
so[Y]=[V*FA%]=[V*A’F]
(b) Dimension of [A] = [ML*T]
[CI=[LT"]
[G]=[M"LT~]

Hence dimension of

\/E [Tt [ 7]
G [ MoBT2 }
= [ML?T?] = energy
(¢) Let toc GXhYC?
Dimensions of G = [M1L3T 2],
h=[ML2T!]and C =[LT ]
[T]=[M 3T 2¥ML2T ' ]Y[LT 1}*
[MOLOTI] = [M—x+y L3xt2y+z T—2X—y—Z]
By comparing the powers of M, L, T both the sides

-xty=0=x=y

3x+2y +z=0=5x+z=0 .. Q)]
—2x-y—z=1

Solving eqns. (i) and (ii),

! 5 .., [Gh
X = :—52:——.. I
Y73 2 Vs

(None)

Stopping potential (V) oc h* 1" G*C"

Here,n = Planck’s constant = [MLZT _IJ

I=current=[A4]
G = Gravitational constant = [M'L3T?2]
and ¢ = speed of light = [LT"]
V, = potential= [ML*T>A4™"]
S [ MLPTP A =[MLAT Y [AP[ ML T2 LT r
Mz L2x+3z+r. T—x—Zz—r. A4
Comparing dimension of M, L, T, A, we get
y=-1,x=0,z=-1,r=5
3 I/O oc h0171G71C5
B2
(d) The quantity _2H is the energy density of magnetic
0
field.

{ B? } _ Energy  Force x displacement

2ug | Volume (displacement)’

{MﬁT‘2

— = ML\T2
I
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19. (b) Planklengthisaunitoflength, /,=1.616229 x 10> m 6 = [M_1L3T4A2J
. _ [
Py 3 G=[ M1 and m = M'LT° |
20. (a) Letmass,related as M oc T*CYh* )
MILOTO — (Tv)x (LlT—l)y(MlLZT—l)z NOW, € 3
MILOTO = M? LY * 224+ T*v-2 27580Gme
z=1 0701 4177
y+2z=0 x—-y—-z=0 _ [M LTAJ
- — 2
y=-2 x+21— 1=0 2n[M’1L’3T4A2J[M’1L3T’2J[M1LOTOJ
X:_
M=[T'C?*h'] [TZAZJ
21. (d) Dimension of A# dimension of (C) =—
1142 {343 m4-2, 2
Hence A — C is not possible. 2n|M L™7T A J
22. (b) We know that resistivity [ 5 2}
RA T°A 1
p = = =
¢ X . 2n MOLOTZAZJ 2m
Conductivity = m “RA . 5
(1 -+ — isdimensionless thus the combination
T VA (- V=RD 2n 27180Gm§
[L](1] v W W would have the same value in different systems of units.
- 202 V=== 26. (¢) Dimensions of p=[MLT2A2]
ML"T it
[ﬁ X[L2] a Dimensions of ¢ =[M1L3T4A?]
[1LT] Dimensions of R = [ML?T3A2]
_ — 1y —=313r721 —1y—3+312
=ML T =ML T Dimensionsof p_ [MLT?A™]
23. (¢) Let u]? reiated with e, m, ¢ and % as follows. Dimensions of - [M’IL’3T4A2]
U = ke“m’ch = [M2LAT-SA4]=[R?]
[MLT?A7%] = [AT) [M)° [LT')° [ML°T ') 1 qg9
27. (b) Asweknow, F=——=212
:[Mb+ch+2dTa7c7dAa] 41'580 R2
On comparing both sides we get q192
. = g=—""5
a=-2 (1) 4nFR
b+d=1 (11) c2 [AT]2
c+2d=1 ...(iif) Hence, gy =——= p—
. N.m“ [MLT “][L"]
a—-c—-d=-2 ..(iv) MO L T4 A
By equation (i), (ii), (iii) & (iv) we get, 28. (¢ =l ]
a=-2b=0,c=-1d=1 29. (d) Angular momentum=mx vxr=ML2T"!
h 22
o [ol= {—2} Latent heat L= Q = MLT _ L?T2
ce m
e, . h
24. (d) Let unit ‘u’ related with e, a, 4 and c as follows. Capacitance C = Charge ML 2T4A2
[u] = [e]* [ay)’ [A)° [C]*
Using dimensional method, . F F ¢ T?
[M'L2THA7] = [A'TPILPIML2T ' [LT ') 30. (a) Surfacetension, T'="7= TT?
—17 2744 44271 — c 7 b+2c+d —c—d Aa
[ML2THA4™2) = [M L T4 49] 72 .
a=2,b=1,c=-1,d=-1 (As,F.KzK(energy);/—2=V )
u= ezao Therefore, surface tension = [KV2T2]
hc 31. (c¢) Magnitude of Lorentz formula F'= gvB sin 6

25. (b) Thedimensional formulae of

¢ = [MOLOTIAIJ

_F_ MLT™

qv—C L7 Z[MTACA]
X

B
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32.

33.

34.

3s.

36.

37.

38.

39.

BA
(b) Mutual inductance = % = 2
[Mr~'07'17]

[or"

(d) Moment of Inertia, /= MR?
[1]=[ML?]
Moment of force, T = 7 xF
% =[L[MLT>]=[M[*T?]
(a) According to, Stokes law,

[Henry] = = MI*Q7?

F=6mmrv =>n=

6nrv
_[MLT )
(LT
(c¢) As we know, the velocity of light in free space is
given by
1
e L 2o
HoEo Moo

=ML 't

1
HOSO

= CYm/s]?
=[LT']?

= [MOL?T2]

(b) Momentum, = my =
Planck’s constant,

[MLT"

E _[MIT ]
h=—= T [ML*T]

(a) Work W = F.5 = Fscos0

"+ A-B = AB cos 0

= [MLT2)[L] = [MI*T*];

Torque, T=7x F => 1 =rFsin®

 AxB =ABsin0

=[L][MLT ] = [MI*T?]

(b) Given:No. ofdivision on circular scale of screw gauge = 50

Pitch=0.5mm
Least count of screw gauge

Pitch
No. of division on circular scale

0.5

—~mm=1x10> m=10 pm

And nature of zero error is positive.
(1050)

M
Density, p=—=
Y, P v

40.

41.

42.

43.

44.

45.

(Ap] Am (ADJ 6+3x1.5=10.5%
p
(B2
o) 100 100
x=1050.00

(d) Averagediameter, d, = 5.5375 mm

Deviation of data, Ad=0.07395 mm

As the measured data are upto two digits after decimal,
therefore answer should be in two digits after decimal.

~.d =(5.54+0.07) mm

a2p?3
(d) Given: Z =

Jed?
Percentage error in Z,
_AZ  2Aa 2Ab 1 Ac 3Ad
-z a 3b 2c¢ d

=2><2+§><1.5+%><4+3><2.5=14.5%.

(a) Thickness =M.S. Reading + Circular Scale Reading
(L.C)
Pitch 0.1

Here LC = =
ere LC Circular scale division 50

=0.002 cm per

division

So, correct measurement is measurement of integral
multipleof L.C.

(¢) L.C. of vernier callipers=1MSD -1 VSD

:[1_3jx1=0.1mm—0.01cm
10

Here 7t division of vernier scale coincides with a division
of main scale and the zero of vernier scale is lying right
side of the zero of main scale.
Zeroerror=7%0.1=0.7mm=0.07 cm.

Length of the cylinder = measured value — zero error
=(3.1+4%0.01)-0.07=3.07 cm.

(d) When screw on a screw-gauge is given six rotations,

it moves by 3mm on the main scale

Pitch = % =0.5mm

Least (LC _Pitch_O.Smm
east count L.C. = CsD ——50
=me=0.01mm=0.0010m
100
(None)

D,=A,+ B, + C, = 2436 +0.0724 + 256.2 = 280.6
D,=4,+ B, + C,=24.44 + 16.082 + 240.2 = 280.7
D,=A4,+ B, + C, =252+ 19.2812 + 236.183= 280.7
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D,=A4,+B,+C,=25+236.191+19.5=281

None of the option matches.

46. (c) Given, Length of simple pendulum, /=25.0 cm
Time of 40 oscillation, 7= 50s
Time period of pendulum

T:ZTE\/Z
g

4n0 4r’0
= g= 3
g T
Ag Al 2AT
g Al 2AT

= Fractional error in g = ? = 7 T

_ Ag (ﬂj + 2(ij —0.044
g \250 50

A
.. Percentageerrorin g= - 100 =4.4%
g

:>T2:

47. (Bonus) §— M_M_ = M3
v 13

AS  AM
5 M 1 1000
48. (d) A=7x%5.29=37.03 cm?
The result should have three significant figures, so
A=37.0cm?
49. (d) We have

0 l
T=2TE\/: or g:4rr2—2
g T

A AR
28 1 100= 22
g

Al 0.10 +3(0.01j .
7000 >0 10) =031kgm®

x100+ 2%><100

:Ex 100+ 2(Lj x100
55 30

=0.18+6.67=6.8%

50. (b) Least count of main scale of screw gauge = 1 mm

Least count of screw gauge

_ Pitch
Number of division on circular scale

-3
5%x107° =&

= N=200
51. (c¢)
52. (c¢) Least count of screw gauge,
Pitch
LC= No. of division

=0.5x103=0.5x 102 mm-+veerror=3 x 0.5 x 102 mm

=1.5x102mm= 0.015mm
Reading = MSR + CSR — (+ve error)
=5.5mm+ (48 x0.5x 102)-0.015
=5.5+0.24—-0.015=5.725mm

53.
54.

55.

56.

57.

58.

59.

60.

(€) =1.5%+3 (1%)=4.5%
(d) Maximum percentage error in A

= 3(% error in P)+ 2(% error in Q)

+%(% error in R) +1(% error in S)

=3><0.5+2><1+%><3+1><1.5

=15+2+1.5+1.5=6.5%
(¢) From Kepler's law, time period of a satellite,

3

T=2m,— 2o s
Gm GM
Relative uncertainty in the mass of the earth
AM AT

-2
=2 =2x10 ..
M T ("~ 4n & G constant and

Ar
relative uncertainty in radius — negligible)
r

(c¢) Relativeerror in Surface area, As =2x Ar =o and

S r
Av Ar
relative error in volume, — =3 x —
\% r
*. Relative error in volume w.r.t. relative error in area,
Av 3
—=—q
v 2

Value of 1 part on main scale

(d) Least count= Number of parts on vernier scale

0.25
= C
5x100
Reading =4 x 0.05 cm + 30 x 5 x 10~% cm
=(0.2+0.0150) cm = 0.2150 cm (Thickness of wire)

m =5x 104 cm

(d) Surface tension, T = rhg x10°

Relative error in surface tension,

AT Ar Ak
- =—+7+0 (" g, 2 & 10° are constant)
.

Percentage error
-2 -2
1OOXA_T Gozs ><0(321 10 XO?;JI
x 10 1.45x10
= (0.8 + 0.689)
=(1.489)=1.489%=1.5%
(¢) Given,P=a2b’c?d™,
Maximum relative error,
AP 1Aa _Ab Ac ~Ad

+2 =43 A
P 2a b C d

=%><2+2><1+3><3+4><5:32%

d) LC —E—OOI
(d) 50 mm

Zeroerror=5 x 0.01 =0.05 mm (Negative)
Reading=(0.5+25 % 0.01)+0.05=0.80 mm
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| AT, | +| AT, |+ | ATy | +| AT, | 68. (b) According to the question.
61. (c) AT=
4 _ A_ 1
_2+143+0 =90+ 1 or, —==70
! | Al 01
As the resolution of measuring clock is 1.5 therefore I=(20+0.1)or, —=—
the mean time shouldbe 92 + 1.5 I 20
62. (d) As.g= 4n’ = L7
T g
So, §x100=%x100+2A—TTx100 As we know,
g 2
01,100+ 2x = x100 tzzné = 5=
=X +2Xx—x =272 = 39 t
20 90 7 3% l 01 1
Ag Al At :
0'1 —_—= —_— —_— = _+2><_ =
63. (b) Least count = o = 0.01 em o, i( ;T2 t) [20 90) 0.027
d, =05+ 8 x0.01 +0.03 =0.61cm Ag
d, = 0.5+ 4 x 0.01 +0.03 = 0.57 cm oy =2 T%
dy = 05+ 62001 +0.05 =059 cm 69. (a) Accordingtoohm’slaw,V =IR
. 0.61+0.57 +0.59 p
Mean diameter = —————— R=—
3 I

=0.59 cm
64. (a) The current voltage relation of diode is

1= (e1000 ViT_ 1) mA (given)
When, 7 =5md, ¢!%° V'T= 6m4

1000

T
Error = + 0.01 (By exponential function)

1000

300

65. (b) Measured length ofrod =3.50 cm
For Vernier Scale with 1 Main Scale Division = 1 mm
9 Main Scale Division = 10 Vernier Scale Division,
Least count=1MSD -1 VSD =0.1 mm

66. (a) Rotation period of earth is about 24 hrs = 107 s
Revolution period of earth is about 365 days =107 s
Speed of light wave C = 3 x 108 m/s
Wavelength of visible light of spectrum
A = 4000 — 7800 A

C=fA (andT:%)

Therefore period of light wave is 1013 s (approx)
67. (d) Inavoltmeter

Vol

V=kl

Now, it is given E = 1.1 volt for /; = 440 cm
and V =0.5 volt for /, =220 cm

Let the error in reading of voltmeter be AV then,
1.1=400K and (0.5-AV)=220K.

Also, dI = (9% 7/Tyx

= (6 mA) x

x(0.01) =0.2mA

1.1 _05-AV
440 220
AV = —0.05 volt

70.

71.

72.

Absolute error "

2
.. Percentage error = 10

Measurement
where, A—VV x100 = % x100 =39,

AR AV AV 2
then, 2 x100 = v x10° + 7 x10
=3%+3%=6%
(¢) - Readingof Vernier = Main scale reading

+ Vernier scale reading x least count.

Main scale reading = 58.5
Vernier scale reading = 09 division
least count of Vernier = 0.5°/30

o

Thus, R=58.5°+9 x

R=58.65°

(d) No. of divisions on main scale = N
No. of divisions on vernier scale = N + 1
size of main scale division = a

Let size of vernier scale division be b
then we have

30

N=bN+1)=b= -2

aN=b W+ 1=b="357

Least count isa — b =a — aN
N+1

N+1 N+1
(d) Theleastcount (L.C.) ofa screw guage is the smallest
length which can be measured accurately with it.

{NH—N} a
= a =

As least count is 0.001 cm = 1000 cm

Hence measured value should be recorded upto 3 decimal
placesi.e., 5.320 cm
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73.

74.

75.

P-13

1
(a) Leastcount,L.C.= Too Mm

Diameter of wire = MSR + CSR x L.C.

= Imm=0.1cm

=0+ ﬁ x52=0.52mm=0.052cm

(a) Number of significant figures in 23.023 =5
Number of significant figures in 0.0003 =1
Number of significant figures in 2.1 x 103 =2

So, the radiation belongs to X-rays part of the spectrum.
(d) 30 Divisions of V.S. coincide with 29 divisions of M.S.

: IVSD—gMSD
S 1VS. 30

LC.=1MSD-1VSD

=1 MSD ELS MSD
B 30

76.

77.

1
=—MSD
30

1
= % x 0.5° =1 minute.

(a) Momentum, p=m xv

Given, mass of a body = 3.513 kg speed of body
=(3.513) x (5.00) = 17.565 kg m/s

=17.6 (Rounding offto get three significant figures)
(d) Leastcount of screw gauge =0.01 mm

L 0s
" o mm
Reading = [M.S.R. + C.S.R. x L.C.] — (zero error)

=[3+35x0.01] - (-0.03) = 3.38 mm
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