
CHAPTER # 2 – VECTORS 

THEORETICAL QUESTIONS – PAST PAPERS 

1. What are vectors and scalar quantities? Give one example of each. (1993, 2012) 

2. What are the different methods of adding two vectors? (1988) 

3. Define Unit vector and null vector (1997) 

4. Define the following: (2005)  

(i) Unit vector (ii) Position vector (2014S, 2005) (iii) Free vector. 

ADDITION OF VECTOR BY RECTANGULAR COMPONENT METHOD 

1. Describe in detail the addition of vectors by rectangular component method. 

(1988, 1995, 1996, 2006, 2008, 2013) 

2. Distinguish between scalar and vector quantities. Describe the addition of vectors by resolving 

rectangular component method. (1990) 

3. F1, F2 are two vectors which act at a point and make angles θ1, θ2 respectively with x-axis. 

4. Find an expression only for the magnitude of their resultant using rectangular component method. 

(2000, 2011) 

5. Explain the addition of two vectors by rectangular component method. Calculate the resultant vector. 

(2002E) 

6. How many methods of addition of vectors are given in your book? Write their names. Describe the 

addition of two vectors A1 and A2 making angles θ1 and θ2 with positive X-axis respectively by 

rectangular components method. (2004) 

MULTIPLICATION OF A VECTOR BY A VECTOR QUANTITY 

1. What is the meant by dot product and cross product of two vectors? Explain (1989) 

2. Show that, (1989, 2011)  

(i) A. B = B. A. (ii) A X B = -B X A 

3. What do you understand by dot product and cross product and cross product of two vectors? Explain 

give at least one example of each product. (1991) 

4. Define scalar product of two vectors. What are the properties of scalar product? Give at least one 

example of scalar product. (1992, 2011) 

5. Explain commutative and distributive laws of dot product. (1994) 

6. Define vector product of two vectors. If vector A and B are inclined at an angle θ with respect to each 

other, show that A x B = -B x A (1995) 

7. What are Dot Product and Cross Product? Give their properties and examples. (1999) 

8. Prove that A. B = B. A, A x B = -B x A, and A. (B + C) = A. B + A. C (1999) 

9. Define Scalar product of two vectors. (2001) 

10. Show that (A x B) = - (B x A) (2002M, 2010, 2012, 2014, 2014S) 

11. Define vector product of two vector and show that (A x B) = - (B x A) (2003M) 

12. Show that A. (B + C) = A. B + A. C. (2003E, 2012, 2014S) 

13. Define the product of two vectors. Show that, A. (B + C) = A. B + A. C (2007, 2014) 

14. Explain cross-product of two vectors Show that the magnitude of the vector product gives the area of 

the parallelogram whose adjacent sides are represented by the two vectors.(2005) 



15. Define the cross product of two vectors. Show that the cross product does not obey the 

commutative law. Also prove that A. (B + C) = A. B + A. C. (2009) 

16. Prove that the magnitude of the cross product of two vectors give the area of a parallelogram. (2010) 

 

SINE LAW 
1. Using the definition of vector product. Prove the "law of sines" for a plane triangle of sides a, b, c. 

(1996) 

 

PARALLELOGRAM LAW OR LAW OF COSINE 
1. Two forces are F1 and F2 are acting at a point making an angle “θ” assuming that F1 vector is along x-

axis find the magnitude and direction of the resultant force by resolving them into their components. 

(1993) 

2. Two forces acting F1 and F2 are acting on a body. The angle between F1 and F2 is θ°. Assuming that F1 

is along in x-axis resolve F2 into components and hence show that the magnitude of resultant force is 

 F1
2+F2

2 + 2F1F2 cos θ(1988) 

 

REASONS 
1. Can the resultant of two vectors of the same magnitude be equal to the magnitude of either of the 

vectors? Give mathematical reasons for your answer. (2009, 2011) 

2. Is it possible that the magnitude of the resultant of two equal vectors be equal to the 

magnitude of either vector? (1990) 

3. Can the magnitude of (A-B) be the same as (B-A) (1990) 

4. Will the value of a vector quantity change if its reference axes are changed? Explain.(1991) 

5. Two forces are of equal magnitude are acting at a point; find the angle between the forces when the 

magnitude of resultant is also equal to the magnitude of either of these forces. (2003M) 

6. Prove that: |AxB|2 + (A. B) 2 = A2B2. (2013, 2014) 

NUMERICAL PROBLEMS – PAST PAPERS 

MAGNITUDE OF A VECTOR, UNIT VECTOR PARALLEL, VECTOR ADDITION 
1. The following forces act on a particle P? 

F1 = 2i + 3j – 5k, F2 = -5i + j + 3k, F3 = i – 2j + 4k, F4 = 4i – 3j – 2k 
Measured in Newton’s find, 
(a) The resultant of the forces (2i - j) (b) The magnitude of the resultant force (5½ ) 

2. If A = 3i – j – 4k, B = -2i + 4j – 3k and C = i + 2j – k, find, 
(a) 2A - B + 3C, (11i - 8k) 
(b) |A + B + C| (93½ ) 
(c) |3A – 2B + 4C| (398½ ) 
(d) a unit vector parallel to 3A – 2B + 4C (3A – 2B + 4C) . 398-½ 

3. The position vectors of points P and Q are given by, r1 = 2i + 3j – k, r2 = 4i–3j+2k. Determine PQ in 
terms of rectangular unit vector, i, j and k and find its magnitude. (2i – 6j + 3k), 7 

4. Find the rectangular components of a vector A, 15 units long when it form an angle with respect to 
+ve x-axis of 
(i) 500, (Ax = 9.6 unit, Ay = 11.5 unit) (ii) 1300, (Ax = -9.6 unit, Ay = 11.5 unit) 
(iii) 2300, (Ax = -9.6 unit, Ay = -11.5 unit) (iv) 3100. (Ax = 9.6 unit, Ay = -11.5 unit) 

5. Find the unit vector parallel to the vector. A = 3i + 6j – 2k. (2/7i + 6/7j – 2/7k) 



6. If A = i + j + k and B = 2i – j + 3k, find a unit vector parallel to A – 2B. (-3i + 3j -5k) / (43)½ 
7. Given r1 = 2i – 2j+k, r2 = 3i - 4j – 3k, r3 = 4i + 2j + 2k find the magnitude of the following vectors. 

(i) r3 (24)½ (ii) r1 + r2 + r3 (97)½ (iii) 2r1 – 3r2 – 5r3 (630)½ (1994) 

 
RECTANGULAR COMPONENT METHOD: 
1. An aero plane takes off at an angle 60° to the horizontal. If the component of the velocity along the 

horizontal is 200 m/s, what is its actual velocity? Find also the vertical component of its velocity. (Vo 
= 400 m/s, Voy = 346.41 m/s) (1990) 

2. Two vectors have magnitudes 4 and 5 units. The angle between them is 300 taking the first vector 
along x axis. Calculate the magnitude and the direction of the resultant. (8.69 unit, 16.70)(1997) 

3. If one of the rectangular component of 50N is 25N find the value of other. (2010) 
4. Find the work done by a force of 30,000N in moving an object through a distance of 45 m and also find 

the rate at which the force is working at a time when the velocity is 2 m/s for the following, 
(a) the force is in the direction of motion and (1.35 x 106 J, 6 x 104 w) 
(b) the force makes an angle of 40o to the direction of motion. (1.03 x 106 J, 4.60 x 104 w) 

5.  A car weighing 10,000 N on a hill which makes an angle of 20o with the horizontal. Find the 
components of car’s weight parallel and perpendicular to the road. (F// = 3420 N, F| = 9396.9 N) 
 

CROSS PRODUCT: 
1. Two vectors of magnitude 20 cm and 10 cm make angles of 20° and 50° respectively with x-axis in the 

xy plane; find the magnitude and direction of their cross product. (0.01 cm2, along z -axis) (1991) 
2. Determine a unit vector perpendicular to the plane containing A and B if A = 2i - 3j - k, B = i + 4j – 2k. 

(10i + 3j + 11k) / (230)½ (1999) 
3. Determine a unit vector perpendicular to the plane containing A and B if A = 2i – 3 j - k and B = i + 4j 

- 2k. (2006) 
4. If P = 2i - 2j + 3k and Q = 3i +3j + 3k find a unit vector perpendicular to the plane containing both P 

and Q. if P and Q from the sides of a parallelogram, find the area of the parallelogram. (-15i + 3j + 
12k) / (378)½ , 19.44m2 (2002M) 

5. Find the area of a parallelogram if its two sides are formed by the vectors, A = 2i - 3j - k and B = i + 4j 
- 2k. (230) ½ (2003E) 

6. If A = 2i – 3j – k, B = i + 4j – 2k, find; 
(a) A x B (10i + 3j + 11k) 
(b) B x A (-10i -3j – 11k) 
(c) (A + B) x (A - B) (-20i – 6j – 22k) 

7. Determine the unit vector perpendicular to the plane of A = 2i – 6j – 3k and B = 4i + 3j – k. (3/7i – 
2/7j + 6/7k), (2011) 

8. If r1 and r2 are the position vectors (both lie in x-y plane) making angle θ1 and θ2 with the positive x-
axis measured counter clockwise, find their vector product when, 
(i) |r1| = 4cm θ1 = 300 (6 . 3½ cm2) 

|r2| = 3 cm θ2 = 900 
(ii) |r1| = 6cm θ1 = 2200 (0) 

|r2| = 3 cm θ2 = 400 
(iii) |r1| = 10cm θ1 = 200 (90 cm2) 

|r2| = 9 cm θ2 = 1100 
9. r1 and r2 are two position vectors making angle θ1 and θ2 with positive x-axis respectively. Find their 

vector product when r1 = 4cm, and r2 = 3cm, θ1 = 300 and θ2 = 900. (6 . 3½ ) 
10. Two sides of a triangle are formed by the vector A = 3i + 6j – 2k and vector 

B = 4i – j + 3k. Determine the area of the triangle. ( ½ C = ½ (1274) ½ ) 
11. Determine the unit vector perpendicular to the plane containing A and B, if A = 2i – 3j – k, B = i + 4j – 

2k. (10i + 3j + 11k) / 230½ (2014) 



5. A = 2i – j + 3k and B = i – j + 4k are two vectors. Find a vector perpendicular to both A and B. 
(2014S) 

 

DOT PRODUCT: 
1. Find the angle between A and B where A = 6i + 6j -3k and B = 2i + 3j - 6k. (40.360) (1992) 
2. Find the angle between A = 2i + 2j – k and B = 6i – 3j + 2k. (θ = 790) 
3. Find the projection of the vector, A = i – 2j + k onto the direction of vector B = 4i – 4j + 7k. (19 / 9) 
4. Find the work done in moving an object along a vector r = 3i + 2j – 5k if the applied force is F = 2i – j 

– k. (9) 
5. Evaluate the scalar product of the following: 

(i) i.i (1) (ii) i.k (0) (iii) k.(i + j) (0) 
(iv) (2i – j + 3k).(3i + 2j - k) (1) (v) (i – 2k) . (j + 3k) (-6) 
Where i, j, and k represents unit vectors along x, y and z axes of three dimensional rectangular 
coordinate system. 

6. Find, (i) the projection of A = 2i – 3j + 6k onto the direction of vector, B = i + 2j + 2k, (AB = 8/3) 
(ii) Determine the angle between the vectors A and B. (θ = 67.60) 

7. Find the work done in moving an object along a straight line from (3, 2, -1) to (2, -1, 4) in a force field 
which is given by F = 4i – 3j + 2k and also find the angle between force and displacement. (W = 15J, θ 
= 61.910) 

8. An object moves along a straight line from (3, 2,-6) to (14, 13, 9) when a uniform force F = 4i + j + 3k 
acts on it. Find the work done and the angle between force and displacement. (100J, 24.830) (2001) 

9. Find the value of p for which the following vectors are perpendicular to each other. A = i - p j +3 k and 
B = 3i + 3j – 4k. (p = 3) (2009) 

10. Find the value of p for which the following vectors are perpendicular to each other. A = i + p j +3 k 
and B = 3i + 3j – 4k. (p = 3) (1996) 

11. Find the angle between A = 2i + 2j – k and B = 6i -3j + 2k (79.010) (2005) 
12. If A= 3i+ j - 2k; B = -i +3j + 4k find |A + B| an angle between A and B. (24)½ , (114.790) (2000) 

A = 3i + j – 2k and B = -i + 3j + 4k. Find the projection of A onto B. (2013) 

 
LAW OF COSINE OR PARALLELOGRAM LAW: 
1. If two vectors A and B are such that ½A½ = 3, ½B½ =2 and ½A - B½= 4, evaluate 

(i) A . B (-1.5) (ii) ½A + B½. (3.16 unit) (1995) 
2. Two vectors A and B are such that |A| = 4 and |B| = 6 and |A – B| = 5, Find |A + B| (2012) 
3. The angle between the vector A and B is 600. Given that |A| = |B| = 1, calculate, 

(a) |B – A| (1) (b) |B + A| (3½) 
4. Two vectors A and B are such that |A| = 3 and |B| = 4, and A . B = -5, find 

(a) The angle between A and B (114.60) 
(b) The length |A + B| and |A – B| (15½ , 35½ ) 
(c) The angle between (A + B) and (A - B) (107.80) 

5. Two vectors A and B are such that |A| = 4, |B| = 6 and A . B = 13.5. Find the magnitude of vector |A – 
B| and the angle between A and B. (5, θ = 55.770), (2011) 

6. Two vectors A and B are such that A = 4 , B = 6 and A . B = 8, find (2008) 
(a) The angle between A and B (70.520) (b) The magnitude of A – B (6 unit) 

7. Two forces of magnitude 10N and 15N are acting at a point. The magnitude of their resultant is 20N; 
find the angle between them (75.520) (2004) 

8. Two vectors of magnitude 10 unit and 15 units are acting at a point the magnitude of their resultant 
are 20 units: find the angle q between them. (1993) 

9. Two tugboats are towing a ship. Each exerts a force of 6000N, and the angle between the two ropes is 
600. Calculate the resultant force on the ship. (10392N) 



10. Two vectors 10 cm and 8 cm long form an angle of , 
(a) 600 (9.2 cm, 490) (b) 900 (12.8 cm, 380.41’) (c) 1200 (15.6 cm, 260.22’) 
Find the magnitude of difference and the angle with respect to the larger vector. 

11. Find the angles α, β, and γ which the vector A = 3i – 6j + 2k makes with the positive x, y and z axis 
respectively. (α = 64.60, β = 1490, γ = 73.40) 

12. If p = 2i – k and q = 5 j Find: 
(i) ½p½(5) ½ (ii) ½Q½ (5) (iii) P + Q (2i + 5j - k) 
(iv) Q – P (-2i + 5j + k) (v) P. Q (0) 
(vi) Angle between P and Q. (900) (vii) projection of P into Q (0) (viii) P x Q (5i + 10k) 
(ix) Unit vector perpendicular to the plane of P and Q. (5i + 10k) / (125)½ 

13. Given that: A = i + 2j + 3k and B = 2i + 4j – k, find: (1997) 
(i) ½3A - B ½ (10.24) (ii) A X B (-14i + 7j) (iii) the angle Between A and B. (65.90) 
 
 



CHAPTER # 3 – MOTION 

THEORETICAL QUESTIONS – PAST PAPERS 

MOTION OF BODIES ATTACHED TO STRING: 

1. Two unequal masses m1 and m2 are attached to the ends of a string which passes over a frictionless 

pulley. If m1>m2, find the tension T in the string and the acceleration ‘a’ of the system. (Assume that 

both the masses are moving vertically.) (1989, 1991, 1993, 1996, 2003M, 2003E, 2005, 2007, 2009, 

2014) 

2. Two masses m1 and m2 are attached with the ends of a string which passes over a frictionless pulley 

such that the mass m2 is placed on a smooth horizontal plane surface and the mass m1 moves 

vertically downwards. Calculate the acceleration of the system. (2001) 

3. Define tension in a string. Two masses m1 and m2 are attached to the ends of a string which passes 

over a frictionless pulley so that both masses move vertically. Derive expression for their acceleration. 

If m1 = 3m2, show that a = ½ g. (2011S) 

4. Two bodies of unequal masses are attached to the ends of a string which passes over a 

frictionless pulley. If one body moves vertically and the second body moves horizontally on a smooth 

horizontal surface, derive the expressions for the tension in the string and the acceleration of the 

bodies. (2011) 

5. Define tension in string. Derive the expression for the acceleration of two vertically moving bodies 

connected to the ends of a string which passes over a frictionless pulley, when M > m. (2013) 

INCLINED PLANE: 

1. A block of mass m is placed on an inclined plane which is making an angle 𝜃 with the 

horizontal. Derive an expression for the net force when the block is sliding down the plane and the 

frictional force is ‘f’. Discuss the particular case when the frictional force is negligible. (1989) 

2. Derive expression for acceleration of a body of mass ‘m’ moving down a plane of inclination having 

friction ‘f’. (2000, 2006, 2003E, 2002E, 2008) 

3. What is an incline plane? Find the expression for the downward acceleration of a body on an inclined 

plane both in the presence and the absence of friction. (2002M)  

4. Prove that all bodies slide with the same acceleration on a frictionless inclined plane. 

(2004, 2014S)  

5. It is observed that all bodies sliding down a frictionless inclined plane have the same 

acceleration. How does it happen? Explain. (2009, 2010, 2011) 

6. Discuss the motion of a body moving in an inclined plane. Derive the expression for its acceleration in 

the absence of frictional force. (2013) 



MOMENTUM: 

1. Define linear momentum. Give its unit M.K.S. system. State and prove the law of conservation of linear 

momentum. (1990, 1994, 2002E)  

2. Define the terms, Linear momentum (1997, 1999) 

3. State and prove law of conservation of linear momentum. (1992, 1997, 1999, 2001, 2003M, 2005, 

2007, 2014) 

4. Define momentum and give its S.I. unit. The momentum of moving body is its quantity of motion 

contents. (1992) 

5. Give the definition of force on the bases of Newton’s first law of motion. Starting with F = ma prove 

that force is also given by the rate of change of momentum. (2003M)  

6. State the law of conservation of linear momentum and prove that the rate of change of linear 

momentum equals to applied force. (2011S) 

 

ELASTIC COLLISION 
1. Define elastic collision in one dimension. (1994) 

2. Two bodies A and B masses m1 and m2 elastically collide in one dimension. If u1, u2 and v1, v2 are the 

velocities before and after the collision, derive the expressions for their final velocities. (1991, 2000, 

2002M, 2006, 2008) 

3. Two bodies having different masses and moving with different velocities have an elastic collision in 

one dimension. Calculate the final velocities after collision. What will happen if the masses of the two 

bodies are equal? The masses of the two bodies are equal and one of them is initially at rest? (1994) 

4. Find v1 and v2 if, (1991)  

(i) m1 = m2 and v2 = 0 (ii) m1 > > m2 and v2 = 0 

5. Give the difference between Elastic Collision and Inelastic Collision. Two spheres of unequal masses A 

and B moving with the initial velocities U1 and U2 in the same direction collide elastically. Derive the 

relation of final velocity V2 of the body B. (2004) 

6. Define elastic and in elastic collisions. Two non-rotating spheres of masses m1 and m2 initially moving 

with the velocities u1 and u2 respectively in one dimension collide elastically. Derive the expressions 

for their final velocities V1 and V2. (2010, 2012, 2014, 2014S)  

7. Explain displacement, velocity, and acceleration, showing the difference between a uniform and a 

non-uniform velocity and acceleration by graphic method. (1994) 

8. Write down the equation of a uniformly accelerated rectilinear motion, which is the most common 

example of a uniformly accelerated motion? What is the “free fall” method? (1994) 

9. State Newton’s first law of motion and give the definition of force on the bases of this law. (1991) 

10. In a translatory motion. It is not necessary for a body to move in a straight line. Discuss the statement. 

(2012) 

SCIENTIFIC REASONS:  

1. A bullet is fired from a rifle, if the rifle recoils freely, state whether the kinetic energy of the rifle is: 

(1990)  

(i) Greater than (ii) equal to (iii) less than that of the bullet. 

2. Which of Newton’s laws of motion is involved in rocket propulsion? (1990) 



NUMERICAL PROBLEMS – PAST PAPERS 

MOTION OF BODIES ATTACHED TO A STRING: 

1. Two bodies A and B are attached to the ends of the string which passes over a pulley, so that the two 

bodies having vertically. If the mass of the body A is 4.8 kg. Find the mass of body B which moves 

down with an acceleration of 0.2 m/s2. The value of g can be taken as 9.8 m/s2. (5 kg) 

2. Two bodies of masses 10.2 kg and 4.5 kg are attached to the two ends of a string which passes over a 

pulley in such a way that the body of mass 10.2 kg lies on a smooth horizontal surface and the other 

body hangs vertically. Find the acceleration of the bodies, the tension of the string and also the force 

which the surface exerts on the body of mass of 10.2 kg. (3 m/s2, 30.6 N, 99.96 N) 

3. Two bodies A and B are attached to the ends of a string which passes over a pulley so that the two 

bodies hang vertically. If the mass of body A is 5 kg and that of body B is 4.8 kg. Find the acceleration 

and tension in the string. The value of g is 9.8 m/s2. (0.2 m/s2, 48 N) 

4. Two bodies “A” and “B” are attached to the ends of a string, which passes over a frictionless pulley. If 

the mass of the body ‘B’ is 9.6kg; find the mass of the body ‘A’ which moves down with an acceleration 

of 0.1m/s2 (value of g= 9.8 m/s) (9.79Kg) (1989) 

5. Two blocks of mass 10.2 kg and 4.5 kg are attached to the ends of a string which passes over a fraction 

less horizontal pulley in such a way that the block of mass 10.2 kg lies on a horizontal surface and the 

other block hangs vertically. Find the acceleration of the system and tension is the string (g = 9.8 

m/s2) (3m/s2, 30.6N). (2001) 

ELASTIC COLLISION: 

1. A 100gm golf ball moving with a velocity of 20 m/s collides with a 8 kg steel ball at rest. If the collision 

is elastic, compute the velocities of both balls after the collision. 

(-19.5 m/s, 0.49 m/s) (2004, 2006) 

RECTILINEAR EQUATIONS OF MOTION: 

1. In an electron gun a television set, an electron with an initial speed of 103 m/s enters a region where 

it is electrically accelerated. It emerges out of this region after 1 micro second with speed of 4 x 105 

m/s. What is the maximum length of the electron gun? Calculate the acceleration. (0.2 m, 399 x 109 

m/s2) 

2. A car is waiting at a traffic signal and when it turns green the car starts ahead with a constant 

acceleration of 2 m/s2. At the same time a bus traveling with a constant speed of 10 m/s overtakes 

and passes the car. (2013) 

a) How far beyond its starting point will the car overtake the bus? (100 m) 

b) How fast will the car be moving? (20 m/s) 

3. A helicopter is ascending at a rate of 12 m/s. At a height of 80 m above the ground, a package is 

dropped. How long does the package take to reach the ground? (5.4 seconds) (2014S)  

4. A boy throws a ball upward from the top of a cliff with a speed of 14.7 m/s. On the way down it just 

misses the thrower and fall the found 49 meters below. Find; 

a) How long the ball rises? (1.5 s) 

b) How high it goes? (11.025 m) 

c) How long it is in air and (5 s) 



d) With what velocity it strikes the ground. (34.4 m/s) 

5. A helicopter weighs 3920 Newton’s. (2010) 

a) Calculate the force on it if it is ascending up at a rate of 2 m/s2. (800 N) 

b) What will be force on helicopter if it is moving with the constant speed of 4m/s. (3920 N) 

6. A bullet having a mass of 0.005 kg is moving with a speed of 100 m/s. It penetrates into a bag of sand 

and is brought to rest after moving 25 cm into the bag. 

a) Find the decelerating force on the bullet. (100 N) 

b) Also calculate the time in which it is brought to rest. (0.005 seconds) 

7. A car weighing 9800 N is moving with a speed of 40 km/hr. On the application of the brakes it comes 

to rest after traveling a distance of 50 meters. Calculate the average retarding force. (1234.57 N) 

8. An electron in a vacuum tube starting from rest is uniformly accelerated by an electric field so that it 

has a speed of 6 x 106 m/s after covering a distance of 1.8cm. Find the force acting on the electron. 

Take the mass of electron as 9.1x10-31 kg. (9.1 x 10-16 N)  

9. As the traffic light turns green, a car starts from rest with a constant acceleration of 4 m/s2. At the 

same time, a motorcyclist traveling with a constant speed of 36 km/h, overtakes and passes the car. 

Find, 

a) How far beyond the starting point will the car overtakes the motorcyclist,(50m) 

b) What will be speed of the car at the time when it overtakes the motorcycle.(20m/s) 

10. A car starts from rest and moves with a constant acceleration. During the 5th second of its motion, it 

covers a distance of 36 meters. Calculate, 

a) The acceleration of the car, (8 m/s2) 

b) the total distance covered by the car during this time. (100 m) 

11. A ball is dropped from the top of a tower. If it takes 5 seconds to hit the ground, find the height of the 

tower and with what velocity will it strike the ground. (122.5m, 49.0 m/s.) 

12. A ball is thrown vertically upward with a velocity of 98 m/s. 

a) How high does the ball rise? (490 m) 

b) How long does it take to reach its highest point? (10 seconds) 

c) How long does the ball remain in air? (20 seconds) 

d) With what speed does the ball return to the ground? (+ 98 m/s) 

13. A car of mass 1000 kg traveling at a speed of 36 km/h is brought to rest over a distance of 20 meters, 

find (i) average retardation (2.5 m/s2) (ii) average retarding force, (2500 N) 

14. A stone is thrown vertically upwards. If it takes 30 seconds to return to the ground how high does the 

stone go? (1102.5m) (1991) 

15.  A boy throws a ball vertically upward with a speed of 25 m/s. On its way down, it is caught at a point 

5 m above the ground. How fast was it coming down at this point? How long did the trip take? (22.95 

m/s, 4.89 sec.) (1996) 

16. A ball is thrown vertically upward from the ground with a speed of 25 m/s. On its way down it is 

caught at a point 5m above the ground. How long did the trip take? (4.89 sec) (2007) 

17. A minibus starts moving from the position of rest at a bus stop with a uniform acceleration. During 

the 10th minute of its motion it covers a distance of 95m. Calculate its acceleration and the total 

distance it covers in 10 minutes. (10 m/s2, 500 m) (1994) 

18. A ball of mass 100 gm is thrown up in air vertically and reaches a height of 9.8m. Calculate the 

velocity with which it thrown and its initial kinetic energy. (neglect air friction and take g = 10m/s2) 

(14 m/s, 9.8 J) (2002) 



19. A car starts from rest and moves with a constant acceleration. During the 5th second of its motion it 

covers a distance of 36 m calculate. (2003) 

a) The acceleration of the car. (8 m/s2) 

b) The total distance covered by the car during this time. (100 m) 

20. A car starts from rest and moves with a constant acceleration. During the 4th second of its motion it 

covers a distance of 24 m calculate. (2014) 

a) The acceleration of the car. 

b) The total distance covered by the car during this time. 

21. A boy throws a ball upward from the top of a tower with a speed of 12 m/s. on the way down it just 

misses the thrower and falls to the ground 50 m below. Find how long the ball remains in air. (4.64 

sec) (2008) 

22. A stone dropped from the peak of a hill. It covers a distance of 30 m in the last second of its 

motion. Find the height of the peak. (2013) 

MOMENTUM AND LAW OF CONSERVATION OF MOMENTUM: 

1. A 100 grams bullet is fired from a 10kg gum with a speed of 1000 m/s. What is the speed of the recoil 

of the gun? (10 m/s) 

2. A 50gm bullet is fired into a 10kg block that is suspended by a long cord so that it can swing as a 

pendulum. If the block is displaced so that its center of gravity rises by 10 cm, what was the speed of 

the bullet? (281.4 m/s) 

3. A machine gun fires 10 bullets per second into a target. Each bullet weighs 20 gm and had a speed of 

1500 m/s. Find the force necessary to hold the gun in position. (300 N) 

4. A machine gun fires 20 bullets per second into a target. Each bullet weights 10g and has a speed of 

1500 m/s. Find the force necessary to hold the gun in position. (300 N) (2002) 

5. A ball of mass 0.5 kg and moving with a speed of 2.0 m/s strikes a rigid wall in a direction 

perpendicular to the wall and its reflected back after a perfectly elastic collision. If during the collision 

the ball remains in contact with the wall for 0.5 second calculate the average force exerted on the ball 

by the wall. (2N) (1990) 

6. A 100 gm bullet is fired into a 12-kg block, which is suspended by a long cord. If the bullet is 

embedded in the block and the block rises by 5 cm. What was the speed of the bullet? (118.58 m/s) 

(1997, 2014S) 

7. A 50 gm bullet is fired into 10 kg wooden block that is suspended by a long cord so that it can swing 

as a pendulum. If the block is displaced so that its center of gravity rises by 10 cm, what is the speed of 

the bullet? (281.4 m/s) (1999) 

8. A 150 g bullet is fired from 15 kg gun with a speed of 1500 m/s. What is the speed of recoil of the gun? 

(15 m/s) (2003) 

9. A 150 gm bullet is fired from a 15 Kg gun with a speed of 1,000 m/s. What is the speed of the recoil of 

the gun? (-10 m/s) (2007) 

10. A wooden block having 10Kg mass is suspended by a long chord that can swing as a pendulum. A50g 

bullet is fired which lodges itself into the block. Due to the impact, the center of gravity of the block is 

raised by 10 cm. What was the initial speed of the bullet? (281.4 m/s) (2011) 



INCLINED PLANE: 

1.  A cyclist is going up a slope of 300 with a speed of 3.5 m/s. If he stops pedaling, how much distance 
will be move before coming to rest? (Assume the friction to be negligible). (1.25 m) 

2. The engine of a motor car moving up 450 slope with a speed of 63 km/h stops working suddenly. How 
far will the car move before coming to rest? (Assume the friction to be negligible). (22.10 m) 

3. In problem above, find the distance that the car moves, if it weighs 19,600 N and the frictional force is 
2000N. (19.3 m) 

4. A truck starts from rest at the top of a slope which is 1m high and 49 m long. Find its acceleration and 
speed at the bottom of the slope assuming that friction is negligible. (0.2 m/s2, 4.4 m/s) 

5. A car weighing 21560 N is moving up on an inclined plane which rises 1.0 m per every 10.0 m with an 
acceleration of 1.0 m/s2. If the frictional force is 400N how much force is exerted by the engine of the 
car? (4756N) (1989) 

6. A motor car is moving up a slope of 30° with a velocity of 72 km/h, suddenly the engine fail. How 
much distance will the car move before coming to rest? Assume friction to the negligible. (40.81 m) 
(2000) 

WORK ENERGY THEOREM: 

1. A car weighing 9,800 N is moving at 25 m/s. If the frictional force acting on it is 2,000 N, how last is 
the car moving when it has traveled 60 m? (19.62m/s) (2007) 

A wooden ball of mass 100 g is suspended by a thread. The horizontal current of air blows it to one side 

such that the thread makes an angle of 30° with the vertical; find the tension in the thread a’ the force of 

air current (1.131N, 0.565N) 

 



CHAPTER # 4 – MOTION IN 2 – D 

THEORETICAL QUESTIONS – PAST PAPERS 

1. A body is projected at an angle θ with the horizontal with the velocity ‘v’ and covers a certain distance 

in a parabolic path find; (1991, 2002M) 

i. The time taken to reach the highest point 

ii. horizontal range 

iii. The maximum horizontal range. 

2. A particle is projected at an angle θ to the horizontal with the velocity VO and is allowed to fall freely 

so that it covers a certain distance in a parabolic path. Prove that the expression for the total time of 

the flight ‘T’ and the horizontal range ‘R’ are given by: T= 2Vosinθ/g ; R = Vo2sin2θ/g (1995, 2002E, 

2004, 2006) 

3. A body is rotating with a uniform linear speed ‘v’ in a circular path of radius ‘r’. Derive a formula for 

its centripetal acceleration. (1996, 2003M, 2003E, 2005, 2007) 

4. Short note on centripetal force (1997) 

5. Describe projectile motion, explaining the changes in vertical and horizontal components of the 

velocity. (2000) 

6. Derive expressions for maximum height and range of a projectile. Why there are two possible angles 

of projection for same range with same velocity of projection. (2000) 

7. Define centripetal Force. Prove that centripetal acceleration is: v2/r. (2001, 2006) 

8. What is a Projectile? Derive the following expressions for a projectile: (2007, 2013) 

i. Maximum height 

ii. Horizontal range 

9. What is a projectile motion? A shell is fired with velocity VO at an angle θ with the horizontal. Derive 

expressions for (i) Maximum height attained (ii) horizontal range (2011S) 

10. What is a projectile motion? A shell is fired with velocity Vo at an angle θ with the horizontal. Derive 

expressions for (i) Total time of fight (ii) horizontal range (2011) 

11. Define angular velocity. Give its units. Establish the relation v=r𝜔. (2012) 

12. At what suitable angle is the maximum height of the projectile 1/3 of its range? (2012, 2014S) 

13. At what point the speed of projectile is maximum? Calculate the range of the projectile. (2010) 

14. Define centripetal acceleration and derive its formula. (2010, 2014S) 

15. Define centripetal acceleration and centripetal force. Derive an expression for centripetal 

acceleration. (2014) 

16. Define centripetal force. (2014S)



NUMERICAL PROBLEMS – PAST PAPERS 

PROJECTILE MOTION 

1. A stone is thrown upward from the top of a building at an angle of 300 to the horizontal and with an 
initial speed of 20 m/s. If the height of building is 45 m. 
(a) Calculate the total time the stone in flight (4.22 s) 
(b) What is the speed of stone just before it strikes the ground? (35.8 m/s) 
(c) Where does the stone strike the ground? (73.0 m) 

2. A diver leaps from a tower with an initial horizontal velocity component of 7 m/s and upward velocity 
component of 3 m/s., find the component of her position and velocity after 1 second. (Vx = 7 m/s, Vy 
= -6.8 m/s) (2012) 

3. A boy standing 10 m from a building can just barely reach the roof 12 m above him when he throws a 
ball at the optimum angle with respect to the ground. Find the initial velocity component of the ball. 
(Vox = 6.41 m/s, Voy = 15.3 m/s) 

4. A tennis ball is served horizontally from 2.4 m above the ground at 30 m/s. 
(a) The net is 12 m away and 0.9 m high. Will be ball clear the net? (-0.78 m) 
(b) Where will the ball land? (21.0 m) 

5. A rescue helicopter drops a package of emergency ration to a stranded party on the ground. If the 
helicopter is traveling horizontally at 40 m/s at a height of 100 m above the ground. 
(a) Where does the package strike the ground relative to the point at which it was released? (180 m) 
(b) What are the horizontal and vertical components of the velocity of the package just before it hits 

the ground? (40 m/s, -44.1 m/s) 
6. A ball is thrown in horizontal direction from a height of 10 m with a velocity of 21 m/s. 

(a) How far will it hit the ground from its initial position on the ground? (30 m) 
(b) And with what velocity? (25.2 m/s) 

7. A projectile is fired with a horizontal velocity of 300 m/s from the top of a cliff 100 m high. (1991) 
(a) How long will it take to reach the ground? (4.5 sec.) 
(b) How far from the foot of the cliff will it strike the ground? (1350 m) 

8. A bullet was fired horizontally with 20m/s from the top of a building 20m high when the bullet was 
10 m above the ground incidentally it hits a bird. Find the time taken to hit the bird and the velocity of 
bullet when it hits the bird. (1.42 sec, 24.41 m/s) (2000) 

9. A rocket is launched at an angle of 530 to the horizontal with an initial speed of 100 m/s. It moves 
along its initial line of motion with an acceleration of 30 m/s2 for 3s. At this time the engine falls and 
the rocket proceeds to moves as a free body. Find, 
(a) The maximum altitude reached by the rocket (1.52x103 m) 
(b) Its total time of flight, and (36.1 s) 
(c) Its horizontal range. (4.05 km) 

10. A mortar shell is fired at a ground level target 500 m distance with an initial velocity of 90 m/s. What 
is its launch angle? ( 71.40) 

11. What is the takeoff speed of a locust if its launch angle is 550 and its range is 0.8 m? (2.9 m/s). 
12. An artillery piece is pointed upward to an angle of 350 with respect to the horizontal and fires a 

projectile with a muzzle velocity of 200 m/s. If air resistance is negligible, to what height will the 
projectile rise and what will be its range? (672.4 m, 3835.48 m) 

13. A ball is kicked from ground level with a velocity of 25 m/s at an angle of 300 to the horizontal 
direction. 
(a) When does it reach the greatest height? (1.28 s) 
(b) Where is it at that time? (7.97 m) 

14. A long jumper leaves the ground at an angle of 200 to the horizontal and at a speed of 11 m/s, Assume 
the motion of the long jumper is that of projectile. 
(a) How far does he jump? (7.94 m) 



(b) What is the maximum height reached? (0.722 m) 
15. A mortar shell is fired at a ground level target 490 m away with an initial velocity of 98 m/s. find the 

two possible values of the launch angle. Calculate the minimum time to hit the ground. (150, 750, 
5.176 sec) (1995, 2011S) 

16. A player throws a ball at an initial velocity of 36 m/s. 
(a) Calculate the maximum distance the ball can reach, assuming the ball is caught at the same height 

at which it was released. (132 m) 
(b) If the wishes to throw the ball half the maximum distance in the shortest possible time, compute 

the angle of elevation in this case, (150) 
(c) What are the elapsed times in the two cases? (1.90 s) 

17. A mortar shell is fired at a target 800 m away with the velocity 100 m/s. calculate the maximum value 
of the launch angle.(25.810, 64.1850) (2009) 

18. A mortar shell is fired at a target 400 m away with the velocity 58 m/s. calculate the maximum time to 
hit the target. (2014) 

19. A player throws a ball at an initial velocity of 36 m/s, calculate the maximum distance reached by the 
ball, assuming the ball is caught at the same height at which it was released, if he wishes to throw the 
ball half the maximum distance in the shortest possible time, computer the angle of elevation. 
(132.24m, 14.990) (2002) 

20. A machine gun is pointed upward at an angle of 300 with respect of the horizontal and fires a 
projectile with a velocity of 200 m/s calculate the range of the projectile and the height of the 
projectile. (3534.79 m, 510.20 m) (2002) 

21. A machine gun is pointed upward at an angle of 300 with the horizontal and fires a projectile with a 
velocity of 200 m/sec; calculate the range and height of the projectile. (3534.79 m, 510.20 m) (2006) 

22. Two possible angles to hit a target by a mortar shell fired with initial velocity of 98 m/s are 150 and 
750.Calculate the range of projectile and the minimum time required to hit the target. (5.176 sec, 490 
m) (2004) 

23. A rocket is fired at a ground level target 600 m away with an initial velocity 85 m/s; find two possible 
values of launch angle. Calculate the minimum time to hit the target. (27.230, 62.770, 7.937 sec) 
(2008) 

24. What is the take-off speed of a locust if its launching angle is 550 and its range 0.8m? (sin 1100 = 
0.9397). (2.88 m/s) (2005) 

 

CIRCULAR MOTION: 

1. A car is traveling on a flat circular track of radius 200 m at 20 m.s-1 and has a centripetal acceleration 
ac = 4.5 m.s-2, 
(a) If the mass of the car is 1000 kg, what frictional force is required to provide the acceleration? 

(4500 N) 
(b) If the coefficient of static friction μs is 0.8. What is the maximum speed at which the car can circle 

the track? (39.6 m/s) 
2. A car traveling at a constant speed of 72 km/h rounds a curve of radius 100m. What is its 

acceleration? (4.0 m/s2) 
3. A 200 gram ball is tied to the end of a cord and whirled in a horizontal circle of radius 0.6 m. If the ball 

makes five complete revelations in 2 s. Determine the ball’s linear speed, its centripetal acceleration, 
and the centripetal force. (9.42 m/s, 148 m/s2, 29.6 N) 

4. Calculate the centripetal acceleration and centripetal force on man whose mass is 80 kg when resting 
on the ground at the equator if the radius of earth R is 6.4x106 m. (3.37x10-2 m/s2, 2.69 N) (2014, 
2014S) 

5. A string 1m long would break when its tension 69.9N. Find the greatest speed at which a ball of mass 
2-kg can be whirled with the string in a vertical circle. (5.014 m/s) (1996) 



6. A ball of mass 0.2 kg is tied to the end of a string and whirled in a horizontal circle of radius 0.4 m. If 
the ball makes 10 complete revolutions in 4 s; determine the linear speed, centripetal acceleration 
and centripetal force. (6.284 m/s, 98.721 m/s, 19.744 N)  (2001) 

7. A particle of mass 400gm rotates in a circular orbit of radius 20 cm with constant angular speed of 1.5 
revolutions per second calculate the magnitude of angular momentum of particle with respect to 
center of the orbit. (0.15 Nm) (2001) 

8. Calculate centripetal acceleration and centripetal force on a man whose mass is 80 kg who is resting 
on the ground at the Equator, given that the radius of earth is 6.4x106 m and the earth completes one 
rotation in one day. (0.033 m/s2, 2.708 N) (2006, 2011) 

9. Calculate the centripetal acceleration acting on a man whose mass is 64Kg when he is resting on the 
ground at the Equator. (Radius of earth = 6.4x106 m) (0.033 m/s2, 21.12 N) (2007) 

10. A 12 kg gun mounted on wheels shoots a 100gm projectile with an initial velocity of 1800 m per 
second at an angle of 60° above the horizontal find the horizontal recoil velocity of the gun.(1992) 

11. Tarzan swings on a vine of length 5m in a vertical circle under the influence of gravity. When the vine 
makes an angle of 300 with the vertical, Tarzan has a speed of 4 m/s. Find (a) centripetal acceleration 
at this instant, and (b) his tangential acceleration. (2013) 


