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Physics



3-Motion in One Dimension and Two dimension



Motion  When a body changes its position with respect to its surrounding and with passage of time it is said to be in motion. Types of motion  e.g. Linear motion, rotational motion, oscillatory motion, random motion, periodic motion etc. Reference Frame  A place and a situation from where a observer takes his observation is called reference frame. Types of reference frame  inertial reference frame, non - inertial reference frame. Kinematics  A branch of physics dealing with motion without considering its cause is known as kinematics. Dynamics  A branch of physics dealing with motion along with cause and properties of a moving body is called dynamics. Mechanics  A branch of physics dealing with the kinematics and dynamics of motion is called mechanics. Particle  A particle is a point like object endowed with mass. One dimensional motion  We need a reference frame to locate the position of particle we chose X, Y, Z axis with clock. (If one of three co-ordinates specifying the position of the body changes.) such motion is called one dimensional. e.g. motion of train along st. railway track.
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Physics



3-Motion in One Dimension and Two dimension



Two dimensional motion  If two of its three co-ordinates specifying the position of the body changes w.r.t. time. e.g. motion of insect, earth revolve around Sun. Three dimensional motion  If all three co-ordinates specifying the position of the object changes w.r.t. time, such motion occurs in space. e.g. flying kites, random motion of gas molecules. Position  We chose three co-ordinates (x, y, z) axis to specify the position of the particle  if all the three co-ordinates of a particle remain unchanged as time passes, the particle considered at rest w.r.t. this frame.  If any one or more co-ordinate changes with time we say particle is moving w.r.t. this frame. Path length  This distance traveled by a particle in some time interval is called path length. Displacement  Change in the position of the particle is called displacement. Displacement has both magnitude and direction. It is a vector quantity. e.g. consider motion along x – axis (one – dimensional) PROJECTILE MOTION Ques.  What is a projectile motion? Deriving the necessary expression, show that the trajectory of a projectile is a parabola. Ans. Projectile motion : “When an object is thrown at some angle to the horizontal direction in earth’s gravitational field. It moves with constant horizontal velocity and constant acceleration in the vertical direction such a motion is called Projectile motion and object is called projectile”. Example  When we kick a football it perform projectile motion (air resistance is neglected).



Suppose an object (projectile) is thrown from point ‘O’ with velocity V0 at an angle  horizontal direction O  X.



0



to the



  a x  O iˆ , a y   g ˆj



ax = O or ay = - g [acceleration vertically downward] “where success is worshiped”
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3-Motion in One Dimension and Two dimension



The component of Initial velocity are 



 V0 cos 0  component along x  axis     V0 sin  0  component along y  axis  Horizontal motion  d = x, V0  V0 cos  0 , ax = 0 d = V0 t 



1 2 at 2



x = V0 cos  0  t 



1 (O )t 2 2



x = V0 cos  0  t ………. (1) Vertical motion  d = y V0  V0 sin  0 ay = -g d = V0 t 



1 2 at 2



1 (  g )t 2 ……… (2) 2 x Put value of t = from (1) in (2) V0 cos  0



y = V0 sin  0  t 



  1  x x2   g  2 y =  y 0 sin  0   2  y 0 cos  0  2  V0 (cos 0 )  







 2 g  x 2  2V0 (cos  0 ) 



y = tan  0 x  



2



Compare it with the equation of parabola y = ax – bx 2. Hence we can say that path of projectile is a parabola. Ques.  Obtain the expression for the maximum height attained by a projectile and time taken to attain this height. Ans. MAXIMUM HEIGHT  When projectile reaches the maximum height the vertical component of its velocity momentarily become zero and reverse the direction. V0 = V0 sin  0 , a = -g, V = 0



using V



2



2



 V0 = 2ad 2



(O)2 - V0 sin 2



- V0 sin



2



2



 0 = 2(-g) (H)



 0 = -2 gH



V0 sin 2  0 2g 2



H=



Time taken to attain maximum height  V = 0, V0 = V0 sin  0



a=-g
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3-Motion in One Dimension and Two dimension V  V0  at



O = V0 sin  0 + (- g) t tm =



V0 sin  0 g



Ques.  Obtain the expression for the range of a projectile. Ans.  “The total distance covered by the projectile in horizontal direction is called RANGE”. Time of FLIGHT  Putting z = 0 in



y= O=



V0 sin  0  t  1 g t 2



2 V0 sin  0  t  1 g t 2 2



1 2 gt  V0 sin  0 2 2V0 sin  0 t= g Range 



x = V0 cos  0 t



 2V0 sin  0 g 



x = V0 cos  0 



  



2V0 cos  0 sin  0 2 cos sin   sin 2  g 2



R=



V sin 2 R= 0 g 2



Note   0 = 45 2



2



V sin 2( 45) V sin(90) V0 R= 0 = 0 = g g g



2



2



Rmax 



V0 g
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3-Motion in One Dimension and Two dimension



EXERCISE – 1 Q1.



Figure shows the time – displacement curve of the particles P and Q. Which of the following statement is correct?



(a) Both P and Q move with uniform equal speed (b) P is accelerated Q is retarded (c) Both P and Q move with uniform speeds but the speed of P is more than the speed of Q (d) Both P and Q move with uniform speeds but the speed of Q is more than the speed of P Q2.



Which of the following curves do not represent motion in one dimensions



(a) Q3.



(b)



(d)



Which one of the following represents the time – displacement graph of two objects A and B moving with zero relative speed



(a) Q4.



(c)



(b)



(c)



(d)



Time graph between the displacement x and time t for a particle moving in a straight line is shown in fig. During the interval OA, AB, BC and CD, the acceleration of the particle is



OA



AB



BC



CD



(a)



+



0



+



+



(b)



–



0



+



0



(c)



+



0



–



+



(d)



–



0



–



0
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Q5.



Q6.



3-Motion in One Dimension and Two dimension



The displacement of a particle as a function of time is shown in figure. The figure indicates that



(a)



the particle starts with a certain velocity, but the motion is retarded and finally the particle stops



(b)



the velocity of the particle is constant throughout



(c)



the acceleration of the particle is constant throughout



(d)



the particle starts with a constant velocity, the motion is accelerated and finally the particle moves with another constant velocity



v2 versus s-graph of a particle moving in a straight line is as shown in figure. From the graph some conclusions are drawn. State which statement is wrong:



(a) The given graph shows a uniformly accelerated motion (b) Initial velocity of particle is zero (c) Corresponding s – t graph will be a parabola (d) None of the above Q7.



a – t graph for a particle moving in a straight line is as shown in figure. Change in velocity of the particle from t = 0 to t = 6 s is



(a) 10 m/s Q8.



(b) 4 m/s



(c) 12 m/s



(d) 8 m/s



The v – t graph is shown in the figure for particle, the acceleration of particle is:



(a) 22.5 m/s2



(b) 5 m/s2



(c) – 5m/s2
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(d) –3 m/s2
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Q9.



3-Motion in One Dimension and Two dimension



A body dropped from the top of the tower covers a distance 7x in the last second of its journey, where x is the distance covered in first second. How much time does it take to reach the ground? (a) 3s



Q10.



(c) 8s



(d) 16s



(b) 225



(c) – 2250



(d) – 225



(b) 2 m



(c) 3 m



(d) 4 m



A point initially at rest moves along the X – axis. Its acceleration varies with time as a = 4t. If it starts from the origin, the distance covered by it in 3 second is: (a) 12 m



Q14.



(b) 5s



Two bodies A and B start from rest and from the same point with a uniform acceleration of 2 m/s2. If B starts one second later, then the two bodies are separated, at the end of the next second, by: (a) 1 m



Q13.



(d) 6s



A graph between the square of the velocity of a particle and the distance s moved by the particle is shown in the figure. The acceleration of the particle in kilometer per hour square is:



(a) 2250 Q12.



(c) 5s



The acceleration time graph of a particle moving along a straight line is as shown in figure. At what time the particle acquires its initial velocity?



(a) 12s Q11.



(b) 4s



(b) 18 m



(c) 24 m



(d) 36 m



A train accelerates from rest at a constant rate  for distance x1 and time t1. After that it retards to rest at constant rate  for distance x2 and time t2. Which of the following relation is correct? (a)



x1  t1   x2  t2



(b)



x1  t1   x2  t2



(c)



“where success is worshiped”
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(d)



x1  t2   x2  t1



IIT - JEE Ashram UG – 1 & 2, Concorde Complex , Above OBC Bank . R.C. Dutt Road., Alkapuri Baroda. Ph. 6625979



33



Physics Q15.



Two stones are thrown up simultaneously with initial speeds of u 1 and u2 (u2 > u1). They hit the ground after 6s and 10s respectively. Which graph in figure correctly represents the time variation of x = (x2 – x1), the relative position of the second stone with respect to the first upto t = 10s? Assume that the stones do not rebound after hitting the ground.



(a) Q16.



Q17.



(b)



(c)



(d)



Figure shows the position – time (x - t) graph of the motion of two boys A and B returning from their school O to their homes P and Q respectively. Which of the following statement is true?



(a) A walks faster than B



(b) Both A and B reach home at the same time



(c) B starts for home earlier than A



(d) A overtakes B on his way to home



An aircraft is flying at a uniform speed v ms–1. If the angle subtended at an observation point on the ground by two positions of the aircraft t seconds apart is , the height of the aircraft above the ground is given by (assume that initially aircraft is just above the observer) :



vt (a) tan 



Q18.



3-Motion in One Dimension and Two dimension



2 vt (b) tan 



vt   (c) tan    2



vt   (d) 2 tan    2



The figure shows the velocity of a particle plotted against time t:



(a) The displacement of the particle is zero (b) The particle changes its direction of motion at some point (c) The initial and final speeds of the particle are same (d) All of the above statements are correct Q19



The displacement time graph of a moving particle is shown in figure. The instantaneous velocity of the particle is negative at the point: (a) C



(b) D



(c) E



“where success is worshiped”



(d) F



IIT - JEE Ashram UG – 1 & 2, Concorde Complex , Above OBC Bank . R.C. Dutt Road., Alkapuri Baroda. Ph. 6625979



34



Physics Q20.



3-Motion in One Dimension and Two dimension



The acceleration of a particle is increasing linearly with time t as bt. The particle starts from the origin with an velocity v0. The distance traveled by the particle in time t will be: (a) v 0 t 



1 3 bt 6



(b) v 0 t 



1 3 bt 3



(c) v 0 t 



1 2 bt 3



(d) v 0 t 



1 2 bt 2



EXERCISE – 2 Q1.



Two balls are projected at an angle  and (90 – ) to the horizontal with the same speed. The ratio of their maximum vertical heights is (a) 1 : 1



Q2.



(d) 90



(b) R



(c) 6 R



(d) 36 R



(b) tan–1 1/4



(c) tan–1 1



(d) tan–1 2



(b) 60



(c) 45



(d) 120



A projectile is moving at 60 m/s at its highest point, where it breaks into two equal parts due to an internal explosion. One part moves vertically up at 50 m/s with respect to the ground. The other part will move at a speed of (a) 110 m/s



Q7.



(c) 60



A body is projected such that its KE at the top is 3/4 th of its initial KE. What is the angle of projection with the horizontal? (a) 30



Q6.



(b) 30



If range is double the maximum height of a projectile, then  is (a) tan–1 4



Q5.



(d) tan2  : 1



A projectile thrown with a speed v at an angle  has a range R on the surface of earth. For same v and , its range on the surface of moon will be (a) R/6



Q4.



(c) 1 : tan 



A body is projected at an angle of 30 to the horizontal with speed 30 m/s. What is the angle with the horizontal after 1.5 seconds? Take g = 10 m/s2. (a) 0



Q3.



(b) tan  : 1



(b) 120 m/s



(c) 130 m/s



(d) 10 61 m/s



Three particles A, B and C are projected from the same point with same initial speeds making angles 30, 45 and 60 respectively with the horizontal. Which of the following statements is correct? (a) A, B and C have unequal ranges (b) Ranges of A and C are equal and less than that of B
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3-Motion in One Dimension and Two dimension



(c) Ranges of A and C are equal and greater than that of B (d) A, B and C have equal ranges



Q8.



A projectile can have the same range R for two angles of projection. If t 1 and t2 be the times of flight in two cases, then what is the product of two times of flight? (a) t1 t2  R



Q9.



H cos θ / g



(d) 490



(b)



2H cos θ / g



(c)



(d)



4H / g



8H / g



(b)



3 sec



(c) 2 sec



(d) 2 3 sec



If the horizontal range of a projectile is equal to the maximum height reached, then the corresponding angle of projection is (a) tan–1 (1)



Q13.



(c) 98



A piece of stone is thrown from the top of a tower with a horizontal speed of 10 3 m/s. It is found that at a point P along the path, the velocity vector of the stone makes an angle of 30 with the horizontal. The point P is reached in time t which is given by (g = 10 m/s2) (a) 1 sec



Q12.



(b) 49



A projectile thrown with velocity v making angle  with vertical gains maximum height H in the time for which the projectile remains in air, the time period is (a)



Q11.



(d) t1 t2  1/R2



(c) t1 t2  1/R



A particle having a mass 0.5 kg is projected under gravity with a speed of 98 m/sec at an angle of 60. The magnitude of the change in momentum (in N – sec) of the particle after 10 seconds is (a) 0.5



Q10.



(b) t1 t2  R2



(b) tan–1 ( 3 )



(c) tan–1 (4)



(d) tan–1 (12)



A particle moves in a circle with a uniform speed. When it goes from a point A to a diametrically opposite point B, the momentum of the particle changes by PA  PB = 2 kg m/s i, ˆ j (ˆj) and the centripetal force acting on it changes by FA  FB = 8N (ˆ i ) where ˆ



are



unit vectors along X and Y axes respectively. The angular velocity of the particle is (a) Dependent on its mass (c) Q14.



2 rad/sec 



(b) 4 rad/sec (d) 16 rad/sec



i  4 t ˆ j. A body of 3 kg moves in X-Y plane under the action of force given by 6 t ˆ Assuming that the body is at rest at time t = 0, the velocity of body at t = 3 sec is i  6 ˆ j (a) 9 ˆ



i  6 ˆ j (b) 18 ˆ



i  12 ˆj (c) 18 ˆ



(d)



12 ˆ i  68 ˆ j
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Q16.



An aeroplane moving horizontally with a speed of 720 km/hr drops a food packet, while flying at a height of 396.9 m. The time taken by the food packet to reach the ground and its horizontal range is : (g = 9.8 m/s2) (a) 9 sec and 1800 m



(b) 8 sec and 1500 m



(c) 3 sec and 2000 m



(d) 5 sec and 500 m



Two projectiles are projected with the same velocity. If one is projected at an angle of 30  and the other at 60 to the horizontal. The ratio of maximum heights reached, is: (a) 1 : 3



Q17.



(c) 3 : 1



(d) 1 : 4



(b) 90



(c) 60



(d) 45



The maximum range of a gun on horizontal terrain is 1.0 km. If g = 10 m/s 2 what must be the muzzle velocity of the shell: (a) 400 m/s



Q19.



(b) 2 : 1



At the uppermost point of a projectile its velocity and acceleration are at an angle of: (a) 180



Q18.



3-Motion in One Dimension and Two dimension



(b) 200 m/s



(c) 100 m/s



(d) 50 m/s



An arrow is shot into air. Its range is 200 metre and its time of flight is 5 sec. If g = 10 m/s 2, then horizontal component of velocity and the maximum height will be respectively: (a) 20 m/s, 62.50 m (b) 40 m/s, 31.25 m (c) 80 m/s, 62.5 m



Q20.



A ball is thrown upwards at an angle of 60 to the horizontal. It falls on the ground at a distance of 90 m. If the ball is thrown with the same initial velocity at an angle of 30. It will fall on the ground at a distance of: (a) 120 m



Q21.



(d) none of these



(b) 90 m



(c) 60 m



(d) 30 m



A bullet fired at an angle of 30 with the horizontal hit the ground 3 km away. By adjusting its angle of projection, can one hope to hits a target 5 km away. Assume the muzzle speed to be same and the air resistance is negligible: (a) possible to hit a target 5 km away(b) not possible to hit a target 5 km away (c) prediction is not possible



Q22



An aero plane is flying in horizontal direction with a velocity of 600 km/hr and at a height of 1960 m. When it is vertically above a point A on the ground a body is dropped from it, the body strikes the ground at point B. Then the distance AB will be: (a) 3.33 km



Q23.



(d) none of the above



(b) 4.33 km



(c) 5.33 km



A particle moves along the positive branch of the curve y 



(d) 6.33 km



x2 t2 with x governed by x  , 2 2



where X and Y are measured in metre and t in second. At t = 2s, the velocity of the particle is: “where success is worshiped”
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i  4 ˆ j m/s i  4 ˆ j m/s (a) 2 ˆ (b) 2 ˆ ˆ ˆ m/s (d) 4 i  2 j m/s



Q24.



(a)



1 th of its horizontal range (R). Its maximum kinetic energy in its path will be: 4



P2 8m



(b)



P2 4m



(c)



3P 2 4m



(d)



P2 m



A projectile is thrown with velocity u making angle  with vertical. It just crosses the tops of two poles each of height h after 1 second and 3 second respectively. The maximum height of projectile is:



(a) 9.8 m Q26.



4 ˆ i  2 ˆ j



An object of mass m is projected with a momentum P at such an angle that its maximum height (H) is



Q25.



(c)



(b) 19.6 m



(c) 39.2 m



(d) 4.9 m



Two stones are projected with the same velocity but making different angles with the horizontal. Their range are equal. If the angle of projection of one is



 and its maximum 3



height is y0, then the maximum height of the other will be: (a) 3y0



Q27.



(c)



y0 2



(d)



y0 3



Two particles are projected from the same point on the ground, with same speed simultaneously at angles  and  with the horizontal. They strike the ground at same point after times t1 and t2, respectively. Select wrong alternate: (a)  +  = 90



Q28.



(b) 2y0



(b)



t1  tan  t2



(c)



t1  cot  t2



(d)



t1 t2  sin  sin 



A ball is thrown up with a certain velocity at angle  to the horizontal. The kinetic energy KE of the ball varies with height h as: (a)



(b)



(c)



(d)
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Q30.



3-Motion in One Dimension and Two dimension



A ball is thrown up with a certain velocity at angle  to the horizontal. The kinetic energy KE of the ball varies with horizontal displacement x as: (a)



(b)



(c)



(d)



A particle is dropped from a tower in a uniform gravitational field at t = 0. The particle is blown over by a horizontal wind with constant velocity. Slope (m) of trajectory of the particle with horizontal varies according to graph: (a)



(b)



(c)



(d)



EXERCISE – 3 Q.1



If a body looses half of its velocity on penetrating 3 cm in a wooden block, then how much will it penetrate more before coming to rest ? (a) 1 cm



Q.2



(c) 3 cm



(d) 4 cm.



Speeds of two identical cars are u and 4 u at a specific instant. If the same deceleration is applied on both the cars, the ratio of the respective distances in which the two cars are stopped from that instant is (a) 1 : 1



Q.3



(b) 2 cm



(b) 1 : 4



(c) 1 : 8



(d) 1 : 16



From a building two balls A and B are thrown such vertically). If V A and VB are their respective velocities on reaching the ground, then (a) vB > vA



(b) vA = vB



(c) vA > vB



(d) Their velocities depend on their masses. Q.4



A car moving with a speed of 50 km/hr, can be stopped by brakes after at least 6 m. If the same car is moving at a speed of 100 km/hr, the minimum stopping distance is (a) 12 m



(b) 18 m



(c) 24 m
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(d) 6 m.
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Q.6



3-Motion in One Dimension and Two dimension



A ball is released from the top of a tower of height h metre. It takes T second to reach the ground. What is the position of the ball in T/3 second ? (a) h/9 metre from the ground



(b) 7h/9 metre from the ground



(c) 8h/9 metre from the ground



(d) 17h/18 metre from the ground.



An automobile travelling with a speed of 60 km/h, can brake to stop within a distance of 20 m. If the car is going twice as fast, i.e. 120 km/h, the stopping distance will be (a) 20 m



Q.7



(b) 2av2



s



1 2 ft 2



(b)



s



(d) 2bv3



1 2 ft 4



(c) s = f t



(d)



s



1 2 ft 6



A parachutist after bailing out falls 50 m without friction. When parachute opens, it decelerates at 2 m/s2. He reaches the ground with a speed of 2 m/s. At what height, did he bail out ? (b) 111 m



(c) 91 m



(d) 182 m



A particle located at x = 0 at time t = 0, starts moving along the positive x – direction with a velocity v that varies as v =  (a) t



Q.11



(c) -2av2



A car, starting from rest, accelerates at the rate f through a distance s, then continues at constant speed for time t and then decelerates at the rate f/2 to come to rest. If the total distance traversed is 15 s, then



(a) 293 m Q.10



(d) 80 m.



The relation between time t and distance x is t = ax + bx where a and b are constants. The acceleration is



(a) Q.9



(c) 60 m 2



(a) -2av3 Q.8



(b) 40 m



3



(b) t



x . The displacement of the particle varies with time as



2



(c) t



(d) t1/2



The velocity of a particle is v = v 0 + gt + f t2. If its position is x = 0 at t = 0, then its displacement after unit time (t = 1) is (a) v0 + g/2 + f



(b) v0 + 2g + 3f



(c) v0 + g/2 + f/3



(d) v0 + g + f



Q.12



A body is at rest at x = 0. At t = 0, it starts moving in the positive x – direction with a constant acceleration. At the same instant another body passes through x = 0 moving in the positive x – direction with a constant speed. The position of the first body is given by x 1 (t) after time t and that of the second body by x2 (t) after the same time interval. Which of the following graphs correctly describes (x1 – x2) as a function of time t ?



Q.13



Two forces are such that the sum of their magnitudes is 18N and their resultant is 12 N which is perpendicular to the smaller force. Then the magnitudes of the forces are (a) 12 N, 6 N



(b) 13 N, 5 N



(c) 10 N, 8 N
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(d) 16 N, 2 N.
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3-Motion in One Dimension and Two dimension



A boy playing on the roof of a 10 m high building throws a ball with a speed of 10 m/s at an angle of 30º with the horizontal. How far from the throwing point will the ball be at the height of 10 m from the ground ? [g = 10 m/s2, sin 30º = 1/2 , cos 30º = (a) 5. 20 m



Q.15



(b) 4. 33 m



(c) 2.60 m



(d) 8.66 m.



The co-ordinates of a moving particle at any time t are given by x = t3 and y = t3. The speed of the particle at time t is given by (b) 3t2  2  2 (c) t2  2   2  2  2 r r r r If A  B  B  A, then the angle between A and B is



(d)



(a) 



(d) /4.



(a) 3t Q.16 Q.17



(b) /3



(c) /2



 2  2 .



A projectile can have the same range R for two angles of projection. If T 1 and T2 be the time of flights in the two cases, then the product of the two time of flights is directly proportional to (a) 1/R2



Q.18



3 / 2]



(b) 1/R



(d) R2



(c) R



Which of the following statements is false for a particle moving in a circle with a constant angular speed ? (a) The velocity vector is tangent to the circle. (b) The acceleration vector is tangent to the circle (c) The acceleration vector points to the centre of the circle (d) the velocity and acceleration vectors are perpendicular to each other.



Q.19



A ball is thrown from a point with a speed v 0 at an angle of projection . From the same point and at the same instant a person starts running with a constant speed v 0/2 to catch the ball. Will the person be able to catch the ball ? If yes, what should be the angle of projection ? (a) yes, 60º



Q.20



(b) yes, 30º



(d) yes, 45º.



A particle is moving eastwards with a velocity of 5 m/s. In 10 s the velocity changes to 5 m/s northwards. The average acceleration is this time is (a) zero (c)



Q.21



(c) no



(b)



1 ms-2 towards north – east 2



(d)



1 ms-2 towards north – west 2 1 ms-2 towards north 2



A projectile can have the same range R for two angles of projection. If t 1 and t2 be the time of flights in the two cases, then the product of the two time of flights is proportional to (a) 1/R



(c) R2



(b) R



(d) 1/R2.



EXERCISE – 1 – ANSWER KEY Q1.
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Q2.



b



Q3.



b



Q4.
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Q6.
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Q9.
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Q11.
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c



Q13.
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b
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a



Q18.



d



Q19



c



Q20.



b
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EXERCISE – 2 – ANSWER KEY Q1.



d



Q2.



a



Q3.



c



Q4.



d



Q5.



a



Q6.



c



Q7.



b



Q8.



a



Q9.



c



Q10.



d



Q11.



a



Q12.



c



Q13.



b



Q14.



a



Q15.



a



Q16.



a



Q17.



b



Q18.



c
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b



Q20.



b



Q21.



b



Q22



a



Q23.



b



Q24.



b
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b



Q26.



d



Q27.
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Q28.



a



Q29.



c



Q30.



b



EXERCISE – 3 – ANSWER KEY Q1.



a



Q8. Q15.



b



Q2.



d



Q3.



b



Q4.
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Q5.



c



Q6.



d



Q7.



a



Q9.



a
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Q13.



b



Q14.



d



Q16.



a



Q17.



c



Q18.



b



Q19.



a
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b



Q21.
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