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Description


PHYSICS



ERRORS IN MEASUREMENT 1.



ERRORS IN MEASUREMENT To get some overview of error, least count and significant figures, lets consider the example given below. Suppose we have to measure the length of a rod. How can we! (a)



Lets use a cm. scale: (a scale on which only cm. marks are there)



We will measure length = 4 cm. Although the length will be a bit more than 4 , but we cannot say its length to be 4.1 cm or 4.2 cm., as the scale can measure upto cms only , not closer than that. * It (this scale) can measure upto cms accuracy only. * so we’ll say that its least count is 1 cm.



(b)



Lets use an mm scale : (a scale on which mm. marks are there)



We will measure length  = 4.2 cm. , which is a more closer measurement. Here also if we observe closely, we’ll find that the length is a bit more than 4.2, but we cannot say its length to be 4.21, or 4.22, or 4.20 as this scale can measure upto 0.1 cms (1 mm) only, not closer than that. * It (this scale) can measure upto 0.1 cm accuracy Its least count is 0.1 cm. Max uncertainty in  can be = 0.1cm Max possible error in  can be = 0.1cm Measurement of length = 4.2 cm. has two significant figures ; 4 and 2 , in which 4 is absolutely correct , and 2 is reasonably correct (Doubtful) because uncertainty of 0.1 cm is there.



(c)



We can use Vernier callipers : ( which can measure more closely , upto 0.01 cm ) Then we’ll measure length l = 4.23 cm which is more closer measurement. * It can measure upto 0.01 cm accuracy Least count = 0.01 cm



Max uncertainty in l can be = 0.01cm Max possible error in l can be = 0.01cm



Measurement of length = 4.23 cm. has three significant figures ; 4 , 2 and 3, in which 4 and 2 are absolutely correct , and 3 is reasonable correct (Doubtful) because uncertainty of 0.01 cm is there.
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PHYSICS To get further more closer measurement :(d)



We can use Screw Gauge : ( which can measure more closely , upto 0.001 cm ) we’ll measure length l = 4.234 cm. * Max possible uncertainty (error) in l can be = 0.001 cm * length = 4.234 cm. has four significant figures ; 4 ,



2 ,



3



and



4.



absolutely absolutely absolutely Reasonably correct correct correct correct To get further more closer measurement (e)



We can Use microscope : we’ll measure length l = 4.2342 cm. * Max possible uncertainty (error) in l can be = 0.0001cm * length = 4.2342cm. has five significant figures ; 4 , 2 , 3 ,4 and 2



2.



SIGNIFICANT FIGURES From the above example , we can conclude that ,in a measured quantity, Significant figures are = Figures which are absolutely correct + The first uncertain figure



2.1 Common rules of counting significant figures : Rule 1 : All non-zero digits are significant e.i.



123.56 has five S.F.



Rule 2 : All zeros occurring between two non-zeros digits are significant (obviously) e.i.



1230.05 has six S.F.



Rule 3 :



 = 3.5 cm



=3.50 cm closer!



0.1 cm accuracy



 lies between(3.4 – 3.6)



0.01 cm accuracy



 lies between (3.49 – 3.51)



= 3.500 cm more closer! 0.001 cm accuracy



 lies between (3.499 – 3.501)



So trailing zeroes after decimal place are significant (Shows the further accuracy)



Once a measurement is done, significant figures will be decided according to closeness of measurement. Now if we want to display the measurement in some different units, the S.F. shouldn’t change (S.F. depends only on accuracy of measurement) Number of S.F. is always conserved, change of units cannot change S.F.
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PHYSICS Suppose measurement was done using mm scale, and we get  = 85 mm ( Two S. F.) If we want to display it in other units. 85 mm



8.5 cm



85000 mm = 8.5 × 104 mm



0.085 m



0.000085 km –5 = 8.5 × 10 km



All should have two S.F. The following rules support the conservation of S.F. Rule 4: From the previous example, we have seen that,



0.000085 km



also should has two S.F. ; 8 and 5, So leading Zeros are not significant.



Not significant In the number less than one, all zeros after decimal point and to the left of first non-zero digit are insignificant (arises only due to change of unit )







0.000305



has three S.F.



3.05 × 10–4



has three S.F.



Rule 5 : From the previous example, we have also seen that



85000 m



should also has two S.F. , 8 and 5. So the trailing zeros are also not significant.



Not significant The terminal or trailing zeros in a number without a decimal point are not significant. (Also arises only due to change of unit) 154 m = 15400 cm = 15400 mm = 154 × 109 nm all has only three S.F. all trailing zeros are insignificant Rule 6 : There are certain measurement, which are exact i.e.



Number of apples are = 12 (exactly) = 12.000000...........  This type of measurement is infinitely accurate so, it has  S.F. * Numbers of students in class = 125 (exact) * Speed of light in the vacuum = 299,792,458 m/s (exact) Example 1. Solution :



Count total number of S.F. in 3.0800 S.F. = Five , as trailing zeros after decimal place are significant.



Example 2. Solution :



Count total number of S.F. in 0.00418 S.F. = Three, as leading zeros are not significant.



Example 3.



Count total number of S.F. in 3500
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PHYSICS Solution :



S.F. = Two, the trailing zeros are not significant.



Example 4.



Count total number of S.F. in 300.00



Solution :



S.F. = Five, trailing zeros after decimal point are significant.



Example 5.



Count total number of S.F. in 5.003020



Solution :



S.F. = Seven, the trailing zeros after decimal place are significant.



Example 6.



Count total number of S.F. in 6.020 × 1023



Solution :



S.F. = Four ; 6, 0, 2, 0 ; remaining 23 zeros are not significant.



Example 7.



Count total number of S.F. in 1.60 × 10–19



Solution :



S.F. = Three ; 1, 6, 0 ; remaining 19 zeros are not significant.



2.2



Operations according to significant figures: Now lets see how to do arithmetic operations ie. addition, subtraction, multiplication and division according to significant figures



(a)



Addition  subtraction For this, lets consider the example given below. In a simple pendulum, length of the thread is measured ( from mm scale) as 75.4 cm. and the radius of the bob is measured (from vernier) as 2.53 cm. Find eq =  + r



 = 75.4 cm = 75.4? cm r = 2.53 cm



is known upto 0.1 cm( first decimal place) only. We don’t know what is at the next decimal place. So we can write  =75.4 cm = 75.4? cm and the radius r = 2.53 cm . If we add and r, we don’t know which number will be added with 3. So we have to leave that position. eq = 75.4? + 2.53 = 77.9? cm = 77.9 cm * * e.i.



Rules for Addition  subtraction : (based on the previous example) First round off all quantities to the decimal place of least accurate quantity. Then do the addition/subtraction in normal manner



Rules for Multiply  Division Suppose we have to multiply 2.11 x 1.2 = 2.11 ? x 1.2 ? 2 . 11 ? x 1.2 ? ? ??? 4 2 2?x 21 1 ? x x 2.5 ? ? ? ? = 2.5 So answer will come in least significant figures out of the two numbers.  



Example 8. Solution :



Multiply divide in normal manner. Round off the answer to the weakest link (number having least S.F.)



A cube has a side  = 1.2 × 10–2 m. Calculate its volume  = 1.2 × 10–2 V = 3 = (1.2 × 10–2) (1.2 × 10–2) (1.2 × 10–2)
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PHYSICS Two S.F. = 1.728 × 10–6 m3



Two S.F.



Two S.F.



Round off to 2 S.F.. = 1.7 × 10–6 m3 Ans.



Rules of Rounding off 



If removable digit is less than 5 (50%) ; drop it.



Round off 47.8 till one decimal place If removable digit is greater than 5(50%), increase the last digit by 1. 47.833







47.862



Round off 47.9 till one decimal place







Example 9. Solution :



In ohm’s law exp., reading of voltmeter across the resistor is 12.5 V and reading of current i = 0.20 Amp. Estimate the resistance in correct S.F. R=



V i



=



12.5 0.20



3 SF 2 SF



62 



= 62.5  round off to 2 S.F.



Example 10.



Using screw gauge radius of wire was found to be 2.50 mm. The length of wire found by mm. scale is 50.0 cm. If mass of wire was measured as 25 gm, the density of the wire in correct S.F. will be (use = 3.14 exactly )



Solution :



=



m r 2 



=



= 2.5465



3.



LEAST COUNT : We have studied (from page 1 ) that no measurement is perfect. Every instrument can measure upto a certain accuracy; called least count.



Least count : The Smallest quantity an instument can measure



mm. scale Vernier L.C. = 1 mm L.C. =0.1 mm



Screw gauge L.C. = 0.01 mm



Temp thermometer stop L.C. = 1ºC watch L.C. = 0.1 sec
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PHYSICS



4.



PERMISSIBLE ERROR Error in measurement due to the limitation (least count) of the instrument, is called permissible error. From mm scale  we can measure upto 1 mm accuracy (least count). From this we will get measurement like  = 34 mm



Max uncertainty can be 1 mm. Max permissible error () = 1 mm. But if from any other instrument, we get  = 34.5 mm then and if from a more accurate instrument, we get  = 34.527 mm then



max permissible error () = 0.1 mm max permissible error () = 0.001 mm = place value of last number



Max permissible error in a measured quantity is = place value of the last number



5.



MAX. PERMISSIBLE ERROR IN RESULT DUE TO ERROR IN EACH MEASURABLE QUANTITY : Let Result f(x, y) contains two measurable quantity x and y Let error in x is = ± x i.e. x  (x – x, x + x) error in y is = ± y



i.e. y  (y – y, y + y)



Case : ()



If f(x, y) = x + y df = dx + dy error in f = f = ± x ± y max possible error in f = (f)max = max of (± x ± y) (f)max = x + y



Case : ()



If



Example 11.



In resonance tube exp. we find 1 = 25.0 cm and 2 = 75.0 cm. If there is no error in frequency. What will be max permissible error in speed of sound (take f0 = 325 Hz.) V = 2f0 (2 – 1) (dV) = 2f0 (d2 – d1) (V)max = max of [2f0(± 2  2] = 2f0 (2 + 1) 1 = 25.0 cm  1 = 0.1 cm (place value of last number ) 1 = 75.0 cm  2 = 0.1 cm (place value of last number ) So max permissible error in speed of sound (V)max = 2(325Hz) (0.1 cm + 0.1 cm) = 1.3 m/s Value of V = 2f0 (2 – 1) = 2(325Hz) (75.0 cm - 25.0 cm) = 325 m/s so V = ( 325 ± 1.3 ) m/s



f =x–y df = dx – dy (f) = ± x  y max possible error in f = (f)max = max of (± x  y)  (f)max = x + y For getting maximum permissible error , sign should be adjusted, so that errors get added up to give maximum effect i.e. f = 2x – 3y - z (f)max = 2x + 3y + z



Solution :



Case ()



If f(x, y, z) = (constant) xaybzc to scatter all the terms, Lets take log on both sides n f = n(constant) + a n x + b n y + c n z Differentiating both sides



dy df dx dz =0+a +b y +c f x z
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PHYSICS y f x z =±a ±b y ±c f x z



i.e.



y  f  z x   = max of (± a ±b y ±c ) f  max z x f = 15 x2 y–3/2 z–5 df dx 3 dy dz =0+2 – –5 f x 2 y z f 3 y x z =±2  5 f 2 y x z  f  3 y x z   = max of (± 2  5 )  f max 2 y x z



 Example 12.



 f  x 3 y z   =2 + +5  f max x 2 y z sign should be adjusted, so that errors get added up



If measured value of resistance R = 1.05 , wire diameter d = 0.60 mm, and length  = 75.3 cm, then  d2   R  4    find max. permissible error in resistivity = 



Solution :



 ρ  d  R   = +2 + ρ d  max  R



R = 1.05  d = 0.60 mm  = 75.3



  



R = 0.01  (least count) d = 0.01 mm (least count)  = 0.1 cm (least count)



 ρ  0.1cm   0.01 Ω 0.01mm     × 100 = 4 %. = + 2 + 75.3cm  0.60mm  ρ max  1.05 Ω



Example 13.



In ohm’s law experiment, potential drop across a resistance was measured as v = 5.0 volt and current was measured as i = 2.00 amp. Find the maximum permissible error in resistance.



Solution :



R=



v = v × i–1 i



v i + v i v = 5.0 volt  i = 2.00 amp   R     R max



=



v = 0.1 volt i = 0.01 amp



 R 



 0.1 0.01    × 100 % = 2.5 % %  R  =   max  5.0 2.00 



5 .0 v  2 .5  = 2 .00 i So we can write R = ( 2.5 ± 2.5% ) 



value of R from the observation R =



Example 14.



Solution :



In Searle’s exp to find Young’s modulus, the diameter of wire is measured as D = 0.05 cm, length of wire is L = 125 cm, and when a weight, m = 20.0 kg is put, extension in wire was found to be 0.100 cm. Find maximum permissible error in young’s modulus (Y).



mg d / 4 2



=Y(



x ) 







Y=



mg  (  / 4) d2 x



"manishkumarphysics.in"



7



PHYSICS  Y  d m  x   = + +2 + Y d  max m  x m = 20.0 kg  m = 0.1 kg  = 125 cm   = 1 cm d = 0.050 cm  d = 0.001 cm x = 0.100 cm  x = 0.001 cm



 0.1kg 1cm 0.001cm 0.001cm   Y    =  20.0 kg  125 cm  0.05 cm  0.100 cm   100 % = 4.3 %  Y max   Example 15.



To find the value of ‘g’ using simple pendulum. T = 2.00 sec; = 1.00 m was measured. Estimate maximum permissible error in ‘g’. Also find the value of ‘g’ . ( use  2 = 10 )



Solution :



 T = 2 g







g=



42  T2



 g  0.01   0.01  T   2  × 100 %. = +2 =  g 1 . 00 2 .00    T  max value of g =



42  T



2



4  10 1.00 =



(2.00)2



 g    = 2/100 so  g max



=2%



= 10.0 m/s2



gmax 2  so 10.0 100



(g)max = 0.2 = max error in ‘g’



so ‘g’ = (10.0 ± 0.2 ) m/s2



OTHER TYPES OF ERRORS : 1.



Error due to external Causes : These are the errors which arise due to reasons beyond the control of the experimentalist, e.g., change in room temperature, atmospheric pressure etc. A suitable correction can, however, be applied for these errors if the factors affecting the result are also recorded.



2.



Instrumental errors : Every instrument, however cautiously or manufactured, possesses imperfection to some extent. As a result of this imperfection, the measurements with the instrument cannot be free from errors. Errors, however small, do occur owing to the inherent manufacturing defects in the measuring instruments are called instrumental errors. These errors are of constant magnitude and suitable corrections can be applied for these errors. e.i.. Zero errors in vernier callipers, and screw gauge, backlash errors etc



3.



Personal or chance error : Two observers using the same experiment set up, do not obtain exactly the same result. Even the observations of a single experimentalist differ when it is repeated several times by him or her. Such errors always occur inspire of the best and honest efforts on the part of the experimentalist and are known as personal errors. These errors are also called chance errors as they depend upon chance. The effect of the chance error on the result can be considerably reduced by taking a large number of observations and then taking their mean. How to take mean, is described in next point.



4.



Errors in averaging : Suppose to measure some quantity, we take several observations, a1, a2, a3…. an .To find the absolute error in each measurement and percentage error , we have to follow these steps (a) First of all mean of all the observations is calculated : a mean= (a1+ a2 +a3 +…+ an) / n. The mean of these values is taken as the best possible value of the quantity under the given conditions of measurements.. (b) Absolute Error : The magnitude of the difference between the best possible or mean value of the quantity and the individual measurement value is called the absolute error of the measurement. The absolute error in an individual measured value is: an = | amean  an | The arithmetic mean of all the absolute errors is taken as the final or mean absolute error.
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PHYSICS amean = (|a1| + |a2| + |a3|+...........+|an|)/n amean =



 n    | a i |  n  i 1   



we can say amean  amean  a  amean + amean (c)



Relative and Percentage Error Relative error is the ratio of the mean absolute error and arithmetic mean .



amean Relative error = a mean When the relative error is expressed in percent, it is called the percentage error. Thus,



amean Percentage error = a × 100% mean



Example 16.



Solution :



In some observations, value of ‘g’ are coming as 9.81, 9.80, 9.82, 9.79, 9.78, 9.84, 9.79, 9.78, 9.79 and 9.80 m/s2. Calculate absolute errors and percentage error in g.



S.N.



Value of g



Absolute error g = |gi – g |



1



9.81



0.01



2



9.80



0.00



3



9.82



4



9.79



0.01



5



9.78



0.02



6



9.84



0.04



7



9.79



0.01



8



9.78



0.02



9



9.79



0.01



10



9.80



0.02



0.00 gmean =



gmean = 9.80







gi



10



0.14 = = 0.014 10



gmean 0.014  100 = percentage error = g × 100 % = 0.14 % 9.80 mean
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PHYSICS so ‘g’ = ( 9.80 ± 0.014 ) m/s2



EXPERIMENT - 1



Screw gauge (Micrometer)



 1mm   .How can it divide 1 mm in 100 parts ! Screw gauge is used to measure closely upto   100  To divide 1 mm in 100 parts , a screw is used. In one rotation, the screw (spindle) moves forward by 1 mm. (Called pitch of the screw ) The rotation of the screw (spindle) is divided in 100 parts (called circular scale), hence 1 mm is divided in 100 parts



1 rotation 100 circular parts



 



1 mm 1 mm



so 1 circular part







1 mm = Least count of screw gauge 100



So lets generalize it



How to find thickness of an object by screw gauge !



Object is inserted between the jaws



ZOOM



0



57



(mm)



1 mm 100 47 x 1 mm 47 circular part = 100



1 circular part =



50 47



40



Object thickness = 7. - - - - = 7 mm + 47 circular devisions



= 7 mm + 47 ( 1 mm ) 100 Main scale Circuler Least Reading scale Count Reading Thickness of object = = Reading of Screwgauge



Description of screw gauge :



Main scale Reading



Circular + scale Reading



Least Count



Pitch Numbers of devisions on Circular Scale
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PHYSICS movable Jaw (spindle) Main scale Circular scale



Fixed Jaw



object 0 (mm)



5



50 40



Thimble Fixed sleeve Fixed frame The object to be measured is put between the jaws. The sleeve is hollow part, fixed with the frame and main scale is printed on it. The spindle and thimble are welded, and move together by means of a screw. The circular scale is printed on the thimble as shown. It generally consists of 100 divisions (sometime 50 divisions also) The main scale has mm marks (Sometimes it also has 1/2 mm marks below mm marks.) (Usually if pitch of the screw gauge is 1mm then there are 1mm marks on main scale and if pitch is 1/2 mm then there are 1/2 mm marks also) This instrument can read upto 0.01 mm (10 m) accuracy that is why it is called micrometer



Example 17.



Read the normal screwgauge *Main scale has only mm marks. *Circular scale has 100 divisions *In complete rotation, the screw advances by 1 mm.



Solution : 0



5



10



(mm) Soln:



70 60



Object thickness = 11 mm + 65 (



1 mm ) 100



= 11.65 mm



Example 18.



Read the screwgauge



1 mm marks. 2 *Circular scale has 50 division. *Main scale has



*In complete rotation, the screw advances by



1 mm. 2



Solution : 50 6.5



Soln:



40



Object thickness = 6.5 - - - -



Object thickness = 6.5 mm + 43 (



1/2 mm ) 50



= 6.93 mm



Example 19.



Read the screwgauge shown bellow: *Main scale has



1 mm marks. 2
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PHYSICS *Circular scale has 50 division. *In complete rotation, the screw advances by



1 mm. 2



Solution :



Example 20.



A wire of resistance R = 100.0  and length l = 50.0 cm is put between the jaws of screw gauge. Its reading is shown in figure. Find its resistivity in correct significant figures and maximum permissible error in  (resistivity).



Solution : 0



10 0 40



Soln:



Object thickness = 8 mm + 42 = 8.42 mm



R 











d / 4 2



=



Rd2 4



=



1/ 2 mm 50



(100.0) (3.14) (8.42  10 3 ) 4(50.0  10  2 )



/m



d 0.1 0.01 0 .1 dR 2d(D) d = + + = +2× + = ....  100 .0 8.42 50 R D 



Example 21.



In a complete rotation, spindle of a screw gauge advances by



1 mm. There are 50 divisions on 2



1 1 1 mm marks  (is graduated to mm or has least count.= mm) 2 2 2 If a wire is put between the jaws, 3 main scale divisions are clearly visible, and 20 division of circular scale co-inside with the reference line. Find diameter of wire in correct S.F. circular scale. The main scale has



 1/ 2 mm  1  = 1.5 + 0.20 = 1.70 mm mm) + (20)   50  2



Solution :



Diameter of wire (3 ×



Example 22.



In the previous question if the mass of the wire is measured as 0.53 kg and length of the wire is measured by an mm scale and is found to be 50.0 cm, find the density of the wire in correct significant figures.



Solution :



ρ



m  πd   4 



2



   



=



(0.53  103 )  4 g / m3 = ........... (2 S.F.) .) (3.14) (1.7  103 )2 (50  10 2 )
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PHYSICS Zero Error : If there is no object between the jaws (i.e. jaws are in contact), the screwgauge should give zero reading. But due to extra material on jaws, even if there is no object, it gives some excess reading. This excess. Reading is called zero error :



Example 23.



Find the thickness of the wire.



Solution : Excess reading (Zero error) = 0.03 mm



Example 24.



Find the thickness of the wire.



Solution :



Excess reading (Zero error) = - 0.07mm



It is giving 7.67 mm in which there is 0.03 mm excess reading , which has to be removed ( subtracted) so actual reading = 7.67 - 0.03 = 7.64 mm



It is giving 7.95 mm in which there is -0.07 mm excess reading , which has to be removed ( subtracted) so actual reading = 7.95 -(- 0.07) = 8.02 mm



ZERO CORRECTION : Zero correction is invert of zero error : zero correction = - (zero error) Actual reading = observed reading - zero error = observed reading + Zero correction
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PHYSICS



EXPERIMENT # 2 Vernier callipers It is used to measure accurately upto 0.1 mm.



0 mm



10



20



30



40



50



0.1 mm



*On the upper plate, main scale is printed which is simply an mm scale. *On the lower plate , vernier scale is printed, which is a bit compressed scale. Its one part is of 0.9 mm The object which is to be measured , is fitted between the jaws as shown.



How to read Vernier Callipers:



Now lets see How the slight difference between 1 MSD and 1 VSD reflects as least count
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PHYSICS



Required length = 13 mm + x = ? at point ‘A’ , main scale and vernier scale are matching so length OA along main Scale = length OA along Vernier Scale 13 mm +3 (Main scale division) = ( 13 mm + x ) + 3 (vernier Scale division ) Get 13 mm + x = 13 mm + 3 (Main scale division - vernier Scale division) = 13 mm + 3 ( 1 mm - 0.9 mm ) = 13 mm +3 (0.1 mm ) = 13.3 mm















 main   vernier       scale  +  scale   reading  reading    



 Least   count



  



 (Main scale division - vernier Scale division) Hence the slight difference between 1 MSD (1 mm ) and 1 VSD (0.9 mm ) reflects as least count (0.1 mm)



Thicknes of object  Re ading of vernier callipers



Example 25.



=



 main   vernier       scale  +  scale   reading  reading    



 Least   count



  



Read the vernier
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PHYSICS



Solution :



Thickness of the object = (main scale reading) + (vernier scale Reading) (least count ) where least count = (Main scale division - vernier Scale division) = 1 mm - 0.9 mm (from figure) = 0.1 mm So thickness of the object = 15 mm + (6) (0.1mm ) = 15.6 mm Ans.



Example 26.



Read the special type of vernier



Solution :



Thickness of the object = (main scale reading) + (vernier scale Reading) (least count ) where least count = (Main scale division - vernier Scale division) = 1 mm - 19/20 mm ( from fig.) = 0.05 mm So thickness of the object = 13 mm + (12) (0.05mm ) = 13.60 mm Ans.



Zero Error: If there is no object between the jaws (ie. jaws are in contact ),the vernier should give zero reading. But due to some extra material on jaws, even if there is no object between the jaws, it gives some excess Reading . This excess reading is called zero error
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PHYSICS



Example 27.



Find the thickness of the object using the defected vernier callipers
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PHYSICS



Solution :



From first figure, Excess reading (zero error ) = 0.6 mm If an object is placed, vernier gives 14.6 mm in which there is 0.6 mm excess reading, which has to be subtracted. So actual thickness = 14.6 - 0.6 = 14.0 mm we can also do it using the formula



= 14.6 - 0.6 = 14.0 mm Ans.



Example 28.



Solution :



Zero error = main scale reading + ( vernier scale reading ) ( least count ) = –1 mm + 6 (0.1 mm) = –0.4 mm observed reading = 11.8 mm So actual thickness = 11.8 - (-0.4) = 12.2 mm Ans.



Zero Correction : Zero correction is invert of zero error. Zero correction = - ( zero error )



In example , zero error was 0.6 mm , so zero correction will be - 0.6 mm In example , zero error was -0.4 mm , so zero correction will be + 0.4 mm
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PHYSICS Example 29.



The main scale of a vernier callipers reads 10 mm in 10 divisions. 10 divisions of Vernier scale coincide with 9 divisions of the main scale. When the two jaws of the callipers touch each other, the fifth division of the vernier coincides with 9 main scale divisions and the zero of the vernier is to the right of zero of main scale. When a cylinder is tightly placed between the two jaws, the zero of vernier scale lies slightly to the left of 3.2 cm and the fourth vernier division coincides with a main scale division. The diameter of the cylinder is. Zero error = 0.5 mm = 0.05 cm. Observed reading of cylinder diameter = 3.1 cm + (4) (0.01 cm). = 3.14 cm Actual thickness of cylinder = (3.14) – (0.05). = 3.09 cm Ans.



Solution :



Example 30.



In the previous question if the length of the cylinder is measured as 25 mm, and mass of the cylinder is measured as 50.0 gm, find the density of the cylinder in proper significant figures. m ρ 2 π(d / 4)h



Solution :



=



(50.0)gm 3.14  (3.09 / 2) 2  ( 25  10 1 ) cm 3



= 2.7 gm/cm3 (in two S.F.)



Ans.



EXPERIMENT # 3 Determining the value of ‘g’ using a simple pendulum //////// 



L



r



In this exp. a small spherical bob is hanged with a cotton thread. This arrangement is called sample pendulum. The bob is displaced slightly and allowed to oscillate. To find time period, time taken for 50 oscillations is noted using a stop watch.



L Theoretically T = 2 g







g = 42



L T2



....(1)



where L = Equivalent length of pendulum = length of thread () + radius (r) of bob, Time taken for 50 oscillatio ns T = time period of the simple pendulum = 50 so ‘g’ can be easily determined by equation ...(1). Graphical method to find ‘g’ :



 42    T =  g  L ............(2)   * Find T for different values of L. 2



so, T2  L



 4 2    * Plot T v/s L curve. From equation (2), it should be a straight line, with slope =  g  .   2  4    Find slope of T2 v/s L graph and equate it to  g  and get ‘g’ .   2
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PHYSICS Example 31. Solution :



In certain observation we got  = 23.2 cm, r = 1.32 cm, and time taken for 10 oscillation was 10.0 sec.



Estimate the value of ‘g’ in proper significant figure. (take 2 = 10) Equivalent length of pendulum L = 23.2 cm + 1.32 cm = 24.5 cm (according to addition rule of S.F.) 10.0  1.00 10



And time period T =



get g = 42



L T



2



24.5 cm



= 4 × 10



= 4 × 10 × Example 32.



Solution :



(Three significant figures)



1.00 2



24.5  10 2 m (1.00)2 sec 2



(in 3 S.F.)



= 9.80 m/sec2



Ans.



For different values of L, we get different values of ‘T’. The curve between L v/s T2 is shown. Estimate ‘g’ from this curve. (take 2 = 10)



 g  2  g  L =  2  T so slope of curve between L v/s T2 =  2   4   4 



slope =



g 0.49 = 4 2 2







g = 9.8 m/sec2 Ans.



Maximum permissible error in ‘g’ due to error in measurement of , r and T. g = 42



g = 42



ln g = ln 42 (2500) + ln ( + r) – 2 ln (t)



Example 33. Solution :



(  r ) ( t / 50 )2



= 42 (2500)



Solution :



t2



 g  t   r   = +2 g t   r  max



In certain observation we got  = 23.2 cm, r = 1.32 cm, and time taken for 10 oscillation was 10.0 sec. Find maximum permissible error in (g)  = 23.2  = 0.1 cm r = 1.32 cm  r = 0.01 cm t = 10.0 sec  t = 0.1 sec 0.1sec   0.1cm  0.01cm  g  2  × 100%   =  10.0 sec   23.2cm  1.32cm  g max



Example 34.



r



= 1.2 %.



 4 2   A student performs an experiment for determination of g   2  , l  1m, and he commits an  T  error of l. For T he takes the time of n oscillations with the stop watch of least count t and he commits a human error of 0.1 sec. For which of the following data, the measurement of g will be most accurate ? (A) L = 0.5, t = 0.1, n = 20 (B) L = 0.5, t = 0.1, n = 50 (C) L = 0.5, t = 0.01, n = 20 (D) L = 0.1, t = 0.05, n = 50 (D)



Here T =



total time t dt  so dT = total oscillation n n



g L T 2 g = L T In option (D) error in L ( L) is minimum and number of repetition of measurement are maximum so dT will be less. So In this case, the error in g is minimum.
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EXPERIMENT # 4 Determining Young’s Modulus of a given wire by “Searle’s Method“ : An elementary method: To determine Young’s Modulus, we can perform an ordinary experiment. Lets hang a weight ‘m’ from a wire



from Hook’s law:



 x  mg  Y  A  0 



 0  x =  2  mg  r Y 



If we change the weight, the elongation of wire will increase proportionally. If we plot elongation v/s mg, we will get a straight line.



 0  By measuring its slope and equating it to  2  , we can estimate Y..  r Y  Limitations in this ordinary method (1) For small load, there may be some bends or kinks in wire.



So we had batter start with some initial wt (say 2 kg). So that wire become straight. (2)



There is slight difference in behavior of wire under loading and unloading



So we had better take average during loading and unloading. The average load will be more and more linear or accurate.



Modification in “Searle’s Method”. To keep the experimental wire straight and kink free, we start with some dead weight (2 kg)
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Now we gradually add more and more weight. The extra elongation (x) will be proportional to extra weight (w). x=



0 πr Y 2











x =



0 πr2Y



(w)



 0   2  πr Y 



so let’s plot x v/s w, the slope of which will be = 



Measurement of Young’s modulus. To measure extra elongation, compared to initial loaded position, we use a reference wire, also carrying 2 kg load (dead weight). This method of measuring elongation by comparison, also cancels the side effect of tamp and yielding of support. Observations: (i)



Initial Reading = x0 = 0.540 mm. (Micrometer Reading without extra load) Radius of wire = 0.200 mm.



(ii)



Measurement of extra extension due to extra load.



S.No.



Extra load on hanger m (kg)



1 2 3 4 5 6 7 8 9 10



0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0



Micrometer reading Load Load increasing decreasing (p) (mm) (q) (mm) 0.555 0.561 0.565 0.571 0.576 0.580 0.587 0.593 0.597 0.603 0.608 0.612 0.620 0.622 0.630 0.632 0.641 0.643 0.652 0.652



Mean reading (x) (p + q)/2 (mm) 0.558 0.568 0.578 0.590 0.600 0.610 0.621 0.631 0.642 0.652



x extra elongation (x–x0) (mm) 0.018 0.028 0.038 0.050 0.060 0.070 0.081 0.091 0.102 0.112



Method # 1 Plot x v/s w (m g)
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PHYSICS Extra elongation v/s extra load



Extra elongation 'x ' (mm)



0.66 0.64 B



0.62 0.6 0.58 0.56 0.54



A



P E.P.



0.52 0.5 5



10



15



20



25



30



35



40



45



50



extra load 'W' (N)



*



slope



=



 =



Y(r 2 )



BP  ........ AP 



Y = .................



Method : 2 Between observation (1) (6) and (2) (7) and (3) (8) 2.5 kg extra weight is added and (4) (9) and (5) (10) So elongation from observation (1) (6) , (2) (7) , (3) (8) , (4) (9), and (5) will be due to extra 2.5 kg wt. So we can find elongation due to 2.5 kg wt from x6 – x1, x5 – x2, x8 – x3, or x10 – x5 and hense we can find average elongation due to 2.5 kg wt.



Load increasing (p) (mm)



Load decreasing (q) (mm)



Mean reading (x) (p + q)/2 (mm)



0.5 1.0



0.555 0.565



0.561 0.571



0.558 0.568



x extra elongation due to 2.5 kg extra load (mm) 0.052 0.053



3



1.5



0.576



0.580



0.578



0.053



4 5 6



2.0 2.5 3.0



0.587 0.597 0.608



0.593 0.603 0.612



0.590 0.600 0.610



0.052 0.052



7 8



3.5 4.0



0.620 0.630



0.622 0.632



0.621 0.631



9



4.5



0.641



0.643



0.642



10



5.0



0.652



0.652



0.652



Micrometer reading



for



S.No.



Extra load on hanger m (kg)



1 2



w = 2.5 g



, average elongation = x = 0.052 mm



 0  x =  2  (w) where w = m g = 25 N  πr Y  Putting the values find Y = .........



Example 35.



(10)



and x) average = 0.5 cm



The adjacent graph shows the extra extension (x) of a wire of length 1m suspended from the top of a roof at one end with an extra load w connected to the other end. If the cross sectional area of the wire is 10–6 m2, calculate the Young’s modulus of the material of the wire.
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(A) 2 × 1011 N/m2



(B) 2 × 10–11 N/m2



(C) 3 × 1013 N/m3



4  0    w,, slope = 0 = 1 10  =    AY  AY 20 Y = 20 × 1010 = 2 × 1011 N/m2



1



Solution :



(A)



Example 36.



In the experiment, the curve between x and w is shown as dotted line (1). If we use an another wire of same material, but with double length and double radius. Which of the curve is expected. (A) 1



(B) 2



(C*) 3



(10



6



)Y



=



(D) 2 × 1016 N/m2



1 10 4 20 x



2 1 3



(D) 4



W



0 x Initially slope = = (πr 2 ) (Y) w



Solution :



in second case (slope)1 =



1 0 = 2 ( πr 2 ) Y π(2r ) Y (2 0 )



so slope will be halved,



2



Ans. will be (3)



Example 37.



Assertion : In Searle’s experiment to find young’s modulus, a reference wire is also used along with the experiment wire. Reason : Reference wire neutralizes the effect of temperature, yielding of support and other external factors (A) If both Assertion and Reason are true and the Reason is a correct explanation of Assertion (B) If both Assertion and Reason and true but Reason is not a correct explanation of Assertion. (C) If Assertion is true but Reason is false. (D) If both Assertion and Reason are false. Ans. (A)



Example 38.



If we use very thin and long wire  output x   of experiment will increase.  (A) Sensitivity  w   input (B) Young’s modulus will remain unchanged (C) Wire may break or yield during loading. (D) All of the above. Ans. (D)



Maximum permissible error in ‘Y’ due to error in measuring m, 0, r, x : Y=



0 r 2 x



mg



 0  y  r x If there is no tolerance in mass ; max permissible error in Y is  Y  =  +2 +  max r x 0



Example 39.



In Searle’s experiment to find Young’s modulus the diameter of wire is measured as d = 0.05 cm, length of wire is  = 125 cm and when a weight, m = 20.0 kg is put, extension in wire was found to mg



be 0.100 cm. Find maximum permissible error in Young’s modulus (Y). Use : Y =
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mg d / 4 2



=Y(



x ) 







mg



Y=



(  / 4) d2 x



..................(1)



 dY  d m  x   = + +2 +  Y max d m  x m = 20.0 kg  = 125 m d = 0.050 cm x = 0.100 cm



   



m = 0.1 kg  = 1 cm d = 0.001 cm x = 0.001 cm



 0.1kg  dY  1cm 0.001cm 0.001cm     100 %      =  Y max  20.0 kg 125 cm 0.05 cm 0.100 cm  = 4.3 % Detailed Apparatus and method of searl’s experiment



Searle’s Apparatus (Static Method) The figure shows a Searle’s apparatus. It consists of two metal frames F1 and F2 hinged together so that they can have only vertical relative motion. A spirit level L is supported at one end on rigid cross bar frame whose other end rests on the tip of a micrometer screw S, which moves vertically through rigid cross bar. If there is any relative motion between the two frames, the spirit level no longer remains horizontal and the bubble is displaced. To bring the bubble back to its original position, the screw has to be moved up and down. The distance through which the screw has to be moved gives the relative motion between the two frames. The frames are suspended by two identical long wires of the steel from the same rigid horizontal support. The wire B is an experimental wire and the wire A acts as a reference wire. The two frames are provided with two hooks H1 and H2 at their lower ends. The hook H1 carries a constant weight W to keep the wire taut. To the hook H2, a hanger is attached over which slotted weights can be put to apply the stretching force.



Procedure : (i) Measure the length of the experimental wire from the point where it leaves the fixed support to the point where it is fixed in the frame. (ii) The diameter of the experimental wire is measured with the help of a screw gauge at about five different places and at each place in two mutually perpendicular directions. (iii) Find the pitch and the least count of the micrometer and adjust it such that the bubble in the spirit level is exactly in the center. The initial reading of the micrometer is noted. (iv) The load on the hanger H2 is gradually increased in steps of 0.5 kg. Observe the reading on the micrometer at each stage after leveling the instrument with the help of the spirit level. To avoid the backlash error, all the final adjustments should be made by moving the screw in the upward direction only. If at any time the screw is raised too much, lower it below the central position and then raise it slowly to the proper position. (v) Unload the wire by removing the weights in the same order and take the reading on the micrometer screw each time. The reading taken for a particular load while loading the wire or unloading the wire, should agree closely.



EXPERIMENT # 5 Determining specific heat capacity of an unknown liquid using calorimeter : Figure shows the Regnault's apparatus to determine the specific heat capacity of a unknown liquid. A solid sphere of known specific heat capacity s 1 having mass m 1 and initial temperature 1is mixed with the unknown liquid filled in a calorimeter. Let masses of liquid and calorimeter are m 2 and m 3 respectively, specific heat capacities are s 2 and s 3 and initially they were at room temperature 2. When the hot sphere is dropped in it, the sphere looses heat and the liquid calorimeter system takes heat. This process continues till the temperature of all the elements becomes same (say ).



"manishkumarphysics.in"



25



PHYSICS Heat lost by hot sphere = m 1s 1 (1 – ) Heat taken by liquid & calorimeter = m 2s 2 ( – 2) + m 3s 3 ( – 2) If there were no external heat loss Heat given by sphere = Heat taken by liquid-Calorimeter system m 1s 1 (1 – ) = m 2s 2 ( – 2) + m 3s 3 ( – 2) Get



s2 =



m1s1 (1  ) m3s3 – m 2 (   2 ) m2



By m eas uring the f inal ( s teady s tate) temperature of the mixture, we can estimate s2 : specific heat capacity of the unknown liquid. To give initial temperature (1) to the sphere, we keep it in steam chamber ("O"), hanged by thread. Within some time (say 15 min) it achieves a constant temperature 1. Now the calorimeter, filled with water (part C) is taken below the steam chamber, the wooden removable disc D is removed, and the thread is cut. The sphere drops in the watercalorimeter system and the mixing starts. If sp. heat capacity of liquid (s2) were known and that of the solid ball (s1) is unknown then we can find s1 =



( m2 s2  m3s3 ) (  2 ) m1 (1  )



Example 40. The mass, specific heat capacity and initial temperature of the sphere was 1000 gm, 1/2 cal/gm°C and 80°C respectively. The mass of the liquid and the calorimeter are 900 gm and 200 gm, and initially both were at room temperature 20°C. Both calorimeter and the sphere are made of same material. If the steady-state temperature after mixing is found to be 40°C, then the specific heat capacity of unknown liquid, is (A) 0.25 cal/gºC (B) 0.5 cal/gºC (C) 1 cal/gºC (D) 1.5 cal/gºC Solution :



(C)



S2 =



( 200 ) (1/ 2) (1000 ) (1/ 2) (80  40) – 900 ( 40  20) 900



= 1 cal/gm °C



Example 41. If accidentlly the calorimeter remained open to atmosphere for some time during the experiment, due to which the steady state temperature comes out to be 30ºC, then total heat loss to surrounding during the experiment, is (Use the specific heat capacity of the liquid from previous question). (A) 20 kcal (B) 15 kcal (C) 10 kcal (D) 8 kcal Solution : (B) Heat given by the sphere = (1000) (1/2) (80 – 30) = 25,000 cal Heat absorbed by the water calorimeter system = (900) (1) (40 – 30) + (200) (1/2) (40 – 30) = 10,000 cal. So heat loss to surrounding = 15,000 cal Example 42. If the loss in gravitational potential energy due to falling the sphere by h height and heat  are also taken to account, the energy equation will loss to surrounding at constant rate H modify to m gh  t (A) m 1s 1(1 – ) + 1 = m 2s 2( – 2) + m 3s 3( – 2) – H J m gh  t (B) m 1s 1(1 – ) – 1 = m 2s 2( – 2) + m 3s 3( – 2) + H J m gh  t (C) m 1s 1(1 – ) + 1 = m 2s 2( – 2) + m 3s 3( – 2) + H J m gh  t (D) m 1s 1(1 – ) – 1 = m 2s 2( – 2) + m 3s 3( – 2) – H J
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(C) Heat generated = m 1 s 1 (1 – ) +



m1gh J



Maximum Permissible error in S1 due to error in measuring To determine the specific heat capacity of unknown solid, we use ssolid =



s=



m1s1  m 2 s 2 m1



m1s1  m 2 s 2 m1



1, 2 and  :



 ss  2     1  ss   ss  2         1 ss 







d( ss   2 ) d( 1   ss ) ds = (   ) –    s ss 2 1 ss



         s    = ss   2 + 1   ss  s    1   2  1 1               = 2  ( ss   2 )( ss  1 )  2 1 ss   ss If mass and sp. heat capacities of water and calorimeter is precisely known, and least count of temp. measuring thermometer is 0.1ºC, then  = 1 = 2 = 0.1º 



 s    = 2  s max



 s    will be least when (ss – 2) (ss – 1)is max  s max



i.e.  ss 



1   2 2



If m1, s1, m2, s2 are precisely known, the maximum permissible % error in ssolid will be least when steady state temperature 1   2 ss = 2 Example 46.



In the exp. of finding sp. heat capacity of an unknown sphere (S2), mass of the sphere and calorimeter are 1000 gm and 200 gm respectively and sp. heat capacity of calorimeter is equal



1 cal/gm/ºC. 2 The mass of liquid (water) used is 900 gm. Initially both the water and the calorimeter were at room temp 20.0ºC while the sphere was at temp 80.0ºC initially. If the steady state temp was found to be 40.0ºC, estimate sp. heat capacity of the unknown sphere (S2). (use Swater = 1 cal/g/ºC ) Also find the maximum permissible error in sp. heat capacity of unknown sphere (S2) To determine the specific heat capacity of unknown solid, to



Solution :



 ss  2    and get s = 1/2 cal/g/ºC solid  1  ss 



We use ssolid =



m1s1  m 2 s 2 m1



 s    = 2  s max



 1 1  1 1              = 2( 0.1ºC)  40.0  20.0  80 .0  40 .0  = 1% 2 1 ss     ss



Electrical calorimeter Figure shows an electrical calorimeter to determine specific heat capacity of an unknown liquid. First of all, the mass of empty calorimeter (a copper container) is measured and suppose it is 'm1'. Then the unknown liquid is poured in it. Now the combined mass of calorimeter + liquid system is measured and let it be 'm2'. So the mass of liquid is (m2 – m 1). Initially both were at room temperature (0). Now a heater is immersed in it for time interval 't'. The voltage drop across the heater is 'V' and current passing through it is ''. Due to heat supplied, the temperature of both the liquid and calorimeter will rise simultaneously. After t sec; heater was switched off, and final temperature is f. If there is no heat loss to
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PHYSICS surroundings Heat supplied by the heater = Heat absorbed by the liquid + heat absorbed by the calorimeter (V)t = (m2 – m 1) S (f – 0) + m1 Sc (f – 0) ( V ) t  m1S C  f  0 The specific heat of the liquid S = (m 2  m1 )



Temperature



A V



Heater Stirrer



Unknown Liquid calorimeter



Figure 1







 time (t) Figure 2 Temperature vs time graph assuming no heat losses to surrounding.



Radiation correction : There can be heat loss to environment. To compensate this loss, a correction is introduced. Let the heater was on for t sec, and then it is switched off. Now the temperature of the mixture falls due to heat loss to environment. The temperature of the mixture is measured t/2 sec. after switching off. Let the fall in temperature during this time is  Now the corrected final temperature is taken as f = f + 



Example 44.



Solution :



In this experiment voltage across the heater is 100.0 V and current is 10.0A, and heater was switched on for t = 700.0 sec. Initially all elements were at room temperature 0 = 10.0°C and final temperature was measured as f = 73.0°C. Mass of empty calorimeter was 1.0 kg and the combined mass of calorimeter + liquid is 3.0 kg . The specific heat capacity of the calorimeter Sc = 3.0 × 103 J/kg°C. The fall in temperature 350 second after switching off the heater was 7.0°C. Find the specific heat capacity of the unknown liquid in proper significant figures. (A) 3.5 × 103 J/kg°C (B) 3.50 × 103 J/kg°C (C) 4.0 × 103 J/kg°C (D) 3.500 × 103 J/kg°C (100 .0 ) (10.0) (700 .0)  (1.0 ) (3.0  10 3 ) 80 . 0  10 . 0 S = 3 .0  1 .0



= 3.5 × 103 J/kg°C (According to addition and multiplication rule of S.F.) Example 45.



Solution :



If mass and specific heat capacity of calorimeter is negligible, what would be maximum permissible error in S. Use the data mentioned below. m1  0, Sc  0, m2 = 1.00 kg, V = 10.0 V,  = 10.0 A, t = 1.00 × 102 sec.,0 = 15°C, Corrected f = 65°C (A) 4% (B) 5% (C) 8% (D) 12% If m1  0, Sc  0



V t S = m (   ) 2 f 0 S  V  t m 2  f   0 0.1 0.1 0.01 10 2 0.01 1  1        + = + = 8% 2 S V  t m2  f  0 10.0 10.0 1.00  10 1.00 50 Example 46.



If the system were loosing heat according to Newton's cooling law, the temperature of the mixture would change with time according to (while heater was on)
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(A)



(B)



(C*)



(D) t



t



t



Solution :











t



As the temperature increases, heat loss to surrounding increases. After some time the rate at which heat is lost becomes equal to rate at which heat is supplied and an equilibrium or steady state is achieved. Hence temperature becomes constant after some time.  C is correct.



EXPERIMENT # 6 Determining speed of sound using resonance tube method :



Resonance tube



Figure shows the experiment to find velocity of sound in air using Resonance tube method. Principle : Resonance tube is a kind of closed organ pipe. So its natural freq. will be



V 3V 5V , , 4eq 4eq 4eq ........



V or



generally fn = (2n – 1) 4 eq



If it is forced with a tuning fork of frequency f0 ; for resonance, Natural freq = forcing freq.



V (2n – 1) 4 = f0 eq







V



eq = (2n – 1) 4 f 0



V



For the first Resonance



eq = 4 f = (corresponding to 1st mode) 0



3V



For the second Resonance



eq = 4 f = (corresponding to 2nd mode) 0



Working : Resonance tube is a 100 cm tube. Initially it is filled with water. To increase the length of air column in the tube, water level is lowered. The air column is forced with a tuning fork of frequency f0. Let at length 1, we get a first resonance (loud voice) then



V



eq = 4 f 1 0







V



1 +  = 4 f .........(i) 0



where  is end correction



If we further lower the water level, the noise becomes moderate. But at (second resonance) then



2. We, again get a loud noise
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3V







eq = 4 f 2 0



For (i) and (ii) V = 2f0 (2 –



2 +  = 4 f .........(ii) 0



1)



Observation table : Room temp. in begnning = 26°C,



Room temp. at end = 28ºC Position of water level (cm )



Freq. of tuning fork in (Hz) (f0 ) 340 Hz



Example 47. Solution :



Example 48.



Resonance



W ater level is falling



W ater level Mean is rising resonant length



1st Resonance



23.9



24.1



l 1 = ..........



2nd Resonance



73.9



74.1



l 2 = ..........



Speed of sound calculated is roughly (A) 340 m/sec (B) 380 m/sec (C) 430 m/sec 1 = 24.0 cm 2 = 74.0 cm v = 2f0 (2 –1) = 2(340) (0.740 – 0.240) = (2) (340) (0.500) = 340 m/sec. In the previous question, speed of sound at 0ºC is roughly (A) 324 m/sec (B) 380 m/sec (C) 430 m/sec



V27 º V0 º =



300 V0º = V27º 273



273 = 340 300



V = ..........



(D) None of these



(D) None of these



273 = 324 m/sec. 300



Solution :



v 



Example 49.



What should be minimum length of tube, so that third resonance can also be heard. (A) 3 = 421 (B) 3 = 214 (C) 3 = 124 (D) None of these



Solution :.



T 



Speed of sound V = 2f0 (l 2 – l 1 )



V 1 +  = 4 f 0



3V 2 +  = 4 f 0



solve both equations and get  = 1cm



5V for third resonance , 3 +  = 4 f 0



get 3 = 124cm



Example 50.



From equation (i) and (ii) end correction can be calculated. Estimate the diameter of the tube using formula ( 0.3d) (A) 2.5 cm (B) 3.3 cm (C) 5.2 cm (D) None of these



Solution :



 = 1 cm = 0.3 dd =



Example 51.



For the third resonance, which option shows correct mode for displacement variation and pressure variation,



1 cm = 3.3 cm 0. 3



(A)



(B*)



Displ. Solution :



Pressure



(C)



Displ.



Pressure



(D)



Displ.



Pressure



Displ.



Pressure



(B)



"manishkumarphysics.in"



30



PHYSICS Example 52.



Solution :



Taking the open end of tube as y = 0, position of pressure nodes will be (A) y = –1 cm, y = 49 cm (B) y = 0 cm, y = 50 cm (C) y = 1 cm, y = 51 cm (D) None of these (A)



y



Example 53.



The equation of standing wave for the second resonance can be (A) Pex = 2A sin 2 (y + 1cm) cos 2 (340) t (B) Pex = 2A sin 2 (y – 1cm) cos 2 (340) t (C) Pex = 2A cos 2 (y + 1cm) cos 2 (340) t (D) Pex = 2A cos 2 (y – 1cm) cos 2 (340) t



Solution :



(A) k =



2 2 = = 2  = 2f = (2) (340)  1 first node will be formed at y = –1 instead of y = 0 so eqn. of standing wave is Pex = 2A sin 2(y + 1cm) cos 2(340) t



Max Permissible Error in speed of sound due to error in f0, 1, 2 : for Resonance tube experiment V = 2f0 (2 – 1) ln V = ln 2 + ln f0 + ln (2 –



1)



 V  f0  2  1 max. permissible error in speed of sound =  V  = +  max f0 (  2  1 )



Example 54.



Solution :



If a tuning fork of (340 Hz ± 1%) is used in the resonance tube method, and the first and second resonance lengths are 24.0 cm and 74.0 cm respectively. Find max. permissible error in speed of sound. 1 = 20.0 cm  1 = 0.1 cm 2 = 74.0 cm  2 = 0.1 cm f0 = (340 Hz ± 1%)



f0 1 f0 = 1% = 100



 2  1  V  f0 1 0 . 1  0 .1 1 0 .2     = + = =  2  1  V max 100 74.0  20.0 100 54 .0 f0



EXPERIMENT # 7 Verification of Ohm's law using voltmeter and ammeter Ohm's law states that the electric current I flowing through a conductor is directly proportional to the P.D. (V) across its ends provided that the physical conditions of the conductor (such as temperature, dimensions, etc.) are kept constant. Mathematically. V  I or V = IR Here R is a constant known as resistance of the conductor and depends on the nature and dimensions of the conductor. Circuit Diagram : The circuit diagram is as shown below :
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PHYSICS



Procedure : By shifting the rheostat contact, reading of ammeter and voltmeter are noted down. At least six set of observations are taken. Then a graph is plotted between potential difference (V) across R and current () through R. The graph comes to be a straight line as shown in figure. Result : It is found from the graph that the ratio V/I is constant. Hence, current voltage relation ship is established, i.e., V  I. It means Ohm's law is established.



 1 1 as  =   V , find the slope of  – V curve and equate it to . R R



slope =



Example 55.



Solution :



Example 56.



BP 1 = AP R



Get R = ......



If emf of battery is 100 v, then what was the resistance of Rheostat adjusted at 2nd reading ( = 2A, V = 20V).



(A) 10



(B) 20



(C) 30



From the curve slope =



1  1 = = 10 v R



R = 10 



for second reading



Emf  = R R rh



100 2 = 10  R rh







(D) 40



Rrh = 40



If three wires of same material but different dimension were used in place of unknown resistance, we get these I-V curve
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PHYSICS Match the column according to correct curve : Wire dimension (p)  = 1m, radius = 1 mm (q)  = 1m, radius = 2 mm (r)



=



1 1 m, radius = mm 2 2



(A) (p)-(ii); (q)-(iii); (r)-(i) (C) (p)-(i); (q)-(ii); (r)-(iii) Solution :



R=



Corresponding curve (i) Curve (1) (ii) Curve (2) (iii) Curve (3) (B) (p)-(iii); (q)-(ii); (r)-(i) (D) None of these



(1) (1)   = 2 for case (q) R  2 for case(p) R  (1) (2)2 r A



for case (r) R 



(1/ 2) (1/ 2)2



so Rr > Rp > Rq



 1 = v R so sloper < slopep < slopeq  q  line (3), p  line (2), r  line (1) and slope of I – v cure =



 v/s V curve for a non-ohmic resistance is shown. The dynamic resistance is maximum at point (A) a (B) b (C) c (D) same for all



Solution :



(A) Dynamic resistance R =



1 1 dv = = d / dv slope d At Pt. a, slope is min , So R is max







+



Example 58.



If by mistake, Ammeter is connected parallel to the resistance then I-V curve expected is (Here I = reading of ammeter , V = reading of voltmeter)



–



Example 57.



Rh V



A



(A)



(B)



(C)



(D)



Solution :



(C) As ammeter has very low resistance most of current will pass through the ammeter so reading of ammeter (I) will be very large. Voltmeter has very high resistance so reading of voltmeter will be very low.



Example 59.



If by mistake, voltmeter is connected in series with the resistance then I-V curve expected is (Here I = reading of ammeter, V = reading of voltmeter )



+



Rh



V



(A)



Solution :



(B)



(C)



–







A



(D)



(D) Due to high resistance of voltmeter, reading of ammeter will be very low
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PHYSICS We can find the specific resistance of a material using ohm's law experiment. =



RA D 2 V = L 4L I



ln  = ln



 + 2 ln D – ln L + ln V – ln I 4



d dD dL dV dI  =2 D – L + V – I ρ D = ±2 ρ D







L V I ±  L V I



 ρ  D L V          = max of   2 ρ D L V     max  ρ  D L V I   = +2 + + + = max. permissible error in ρ  max D L V I



Example 60.



Solution :



Example 61.



Solution :



.



In the Ohm's experiment, when potential difference 10.0 V is applied, current measured is 1.00 A. If length of wire is found to be 10.0 cm, and diameter of wire is 2.50 mm, then the maximum permissible error in resistivity will be (A) 1.8% (B) 10.2% (C) 3.8% (D) 5.75%  ρ   0.01   0.1   0.1   0.01        = 3.8% =2  ρ  max  2.50   10.0   10.0   1.00 



Which of the following affects %error in measurement of resistivity, the most : (A) length measurement (B) voltage measurement (C) current measurement (D) diameter measurement  ρ    = is mostly affected by % error in diameter  ρ max



Example 62.



From some instruments, current measured is I = 10.0 Amp., potential difference measured is V = 100.0 V, length of wire is 31.4 cm, and diameter of wire is 2.00 mm (all in correct significant figure). The resistivity of wire(in correct significant figure) will be - (use  = 3.14 ) (A) 1.00 × 10–4 -m (B) 1.0 × 10–4 -m (C) 1 × 10–4 -m (D) 1.000 × 10–4 -m



Solution :



=



Example 63.



In the previous question, maximum permissible error in resistivity and resistance measurement will be (respectively) (A) 2.14%, 1.5% (B) 1.5%, 2.45% (C) 2.41%, 1.1% (D) None of these



Solution :



(3.14 ) (2.00  10 -3 )2  100.0  D 2 V   = 4(0.314 )  10.0  4L  and answer should be in three S.F. so  = 1.00 × 10-4  -m



 R  0 .1 0.1 i v   = + = + = 1.1%  R  max 10.0 100 .0 i v
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EXPERIMENT # 8 METER BRIDGE Meter bridge is a simple case of wheatstone-Bridge and is used to find the unknown Resistance. The unknown resistance is placed in place of R, and in place of S, a known resistance is used, using R.B. (Resistance Box). There is a 1m long resistance wire between A and C. The jockey is moved along the wire. When R(100 – ) = S() then the Bridge will be balanced, and the galvanometer will gives zero defflection. "" can be measured by the meter scale. The unknown resistance is



R = S



 .......(1) 100  



If length of unknown wire is L and diameter of the wire is d, then specific resistance of the wire



U



nk



no



wn







 d2   R   =  4  L



from eq.(1)



d2 



 







 = 4L  100    S  



D S



R







C



G



A



Q



P B



Example 64.



If resistance S in RB = 300, then the balanced length is found to be 25.0 cm from end A . The diameter of unknown wire is 1mm and length of the unknown wire is 31.4 cm. The specific resistivity of the wire should be (A) 2.5 × 10–4 -m (B) 3.5 × 10–4 -m (C) 4.5 × 10–4 -m (D) None of these



Solution :



(A)



Example 65. Solution :



Example 66.



Solution :



R 25 Rd2 =  R = 100     = = 2.5 × 10–4  -m 300 75 4L In the previous question. If R and S are interchanged, the balanced point is shifted by (A) 30 cm (B) 40 cm (C) 50 cm (D) None of these If R and S wave interchanged , = 75 , 100 -  = 25 Balance point will be shifted by 75 – 25 = 50 cm In a meter bridge, null point is at  = 33.7 cm, when the resistance S is shunted by 12 resistance the null point is found to be shifted by a distance of 18.2 cm. The value of unknown resistance R should be (A) 13.5 (B) 68.8 (C) 3.42 (D) None of these



(B)



R 33.7 = S 100  33.7







(33.7  18.2) R = 125 / 12  5 100  (33.7  18.2)



solving get R = 68.8 



End Corrections In meter Bridge circuit, some extra length comes (is found under metallic strips) at end point A and C. So some additional length ( and ) should be included at ends for accurate result. Hence in place of  we use  +  and in place of 100 – , we use 100 –  +  (where and  are called end correction). To estimate  and , we use known resistance R1 and R2 at the place of R and S in meter Bridge.
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PHYSICS Suppose we get null point at



1 distance then



R1 1   = 100  1   R2



......(i)



Now we interchange the position of R1 and R2, and get null point at



R2 2   = 100   2   R1



2 distance then



......(ii)



Solving equation (i) and (ii) get



 



R 2 1  R1 2 R1  R 2



and



These end corrections ( and



 



R1 1  R 2  2 – 100 R1  R 2



) are used to modify the observations



Example 67.



If we used 100 and 200resistance in place of R and S, we get null deflection at 1 = 33.0cm. If we interchange the Resistance, the null defflection was found to be at 2 = 67.0 cm. The end correction  and  should be : (A)  = 1cm,  = 1cm (B)  = 2cm,  = 1cm (C)  = 1cm,  = 2cm (D) None of these Ans. (A)



Solution :



= =



Example 68.



R 2  1  R1 2 (200 )(33 )  (100 )(67 ) = = 1 cm R1  R 2 100  200



R1 1  R 2 2 (33 )(100 )  ( 200 )(67 )  100 =  100 = 1 cm 100  200 R1  R 2



Now we start taking observation. At the position of R, unknown resistance is used, and at position of S, 300 resistance is used. If the balanced length was found to be  = 26cm, estimate the unknown resistance. (A) 108 (B) 105.4 (C) 100 (D) 110 Ans. (A)



 eq Solution :



R



(100   )eq = 300



R 26  1 27 = = (300) (100  26)  1 75 R=



300  27 = 108 . 75



Example 69.



If the unknown Resistance calculated without using the end correction, is R1 and with using the end corrections is R2 then (A) R1 > R2 when balanced point is in first half (B) R1 < R2 when balanced point is in first half (C) R1 > R2 when balanced point is in second half (D) R1 > R2 always Ans. (A)



Solution :



R1 = S



   ,  100   







    100     



R2 = S



If balance point is in first half say l = 40



 40    60 



R1 = S



 41    61 



R2 = S 



so R2 > R1
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PHYSICS If balance point is in second half say l = 70



 70    30 



 71    31 



R1 = S



R2 = S 



so R2 < R1 .



Maximum Permissible Error in  :  D 2S 4 L 100  



=



The specific resistivity of wire, from meter bridge is



Assume that known resistance in RB(S), and total length of wire is precisely known, then lets find maximum permissible error in  due to error in measurement of  (balance length) and D (diameter of wire). ln



 S 



 = ln  4L  + 2 ln D + ln  – ln (100 – )   d d (100  ) dD d dD d d = 2 + – = 2 + +  (100  ) D  D  100    ρ  D     = 2 + + ρ  max D  100    ρ       due to error in  only is = ρ  100    max



=



 ρ    will be least when (100 – ) is maximum , i.e.  ρ max



(100) (100   )



 = 50 cm



EXPERIMENT # 9 POST OFFICE BOX B 1000



P



100 10 B 10



Q



1000



100



C



P



Q



A



5000



R



G



X Un kn



D



2000 2000



1000 500



unknown resistance



x



R 20 50 100 200 200



ow n



A



C 20







5



10



E+ –



2



2



1 D



K1



G



K2 C



Figure-1 In a wheat stone's Bridge circuit, If X=



B



Figure-2



P R = then the bridge is balanced. So unknown resistance Q X



Q R. To understand the wheat stone's Bridge circuit, a pox office Box is described. P



Resistance P and Q are set in arms AB and BC where we can have 10, 100 or 1000 resistance, to set any ratio



Q . P
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PHYSICS These arms are called ratio arms. Initially we take Q = 10 and P = 10 to set



Q = 1. The unknown P



resistance (X) is connected between C and D and battery is connected across A and C (Just like wheat stone's Bridge). Now put Resistance in part A to D such that the Bridge gets balanced. For this keep on increasing the resistance with 1 interval, check the deflection in Galvanometer by first pressing key K1 key then Galvanometer key K2. Suppose at R = 4, we get deflection toward left and at R = 5, we get deflection toward right. So we can say that for bridge balance. R should be between 4 to 5. Now X =



Q 10 R = R = R = 4 to 5. P 10



So we can estimate that X should be between 4 and 5. To get closer X, in the second observation , lets choose



 P  100  Q 1 . = e.i.   Q  10  P 10



Suppose Now at R = 42. We are getting deflection toward left , and at R = 43, deflection is toward right. So R (42,43). Now X =



Q 10 1 R= R= R where R  (42,43) P 100 10



So we can estimate that X  (4.2, 4.3). Now to get further closer, choose



Q 1 = . P 100



The observation table is shown below.



Example 70.



Solution :



If the length of wire is (100.0 cm), and radius of wire, as measured from screw gauge is (1.00 mm) then the specific resistance of wire material is (A) 13.35 × 10–6 -m (B) 13.4 × 10–6 -m (C) 13.352 × 10–6 -m (D) 16.5 × 10–6 -m Ans. B From observation table R = 4.25 



(R )r 2 =  =



4.25  3.14  (1.00)2  10 6 (100.0  10 2 )



= 13.4 × 10–6 –m Example 71.



(Ans. in three S.F.)



Assertion : To locate null deflection, the battery key (K1) is pressed first and then the galvanometer key (K2). Reason : If first K2 is pressed, and then as soon as K1 is pressed, current suddenly try to increase. so due to self induction, a large stopping emf is generated in galvanometer, which may damage the galvanometer. (A) If both Assertion and Reason are true and the Reason is a correct explanation of Assertion. (B) If both Assertion and Reason and true but Reason is not a correct explanation of Assertion. (C) If Assertion is true but Reason is false. (D) If both Assertion and Reason are false. Ans. (A)
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PHYSICS Example 72.



What is the maximum and minimum possible resistance, which can be determined using the PO Box shown in above figure-2 (A) 1111 k , 0.1  (B*) 1111 k , 0.01  (C) 1111 k , 0.001  (D) None of these Ans. (B)



Solution :



X=



Q R P







(X)max =



(Q)max (P)min (R)max



=



1000 (11110) = 1111 k 10



(Q)min 10 10 (X)min = (P) (R)min = (1) = 0.01 . 1000 1000 max Example 73.



In a certain experiment if



Q 1 = and in R, if 192  if used we are getting deflection toward P 10



right, at 193  , again toward right but at 194  , deflection is toward left. the unknown resistance should lie between (A) 19.2 to 19.3  (B) 19.3 to 19.4  (C) 19 to 20  (D) 19.4 to 19.5  Ans. (B) 1 Q (R) = (193 10 P



 194) = 19.3  19.4



Solution :



X=



Example 74.



If By mistake, Battery is connected between B and C Galvanometer is connected across A and C then (A) We cannot get balanced point. (B) Experiment will be less accurate (C) Experiment can be done in similar manner. (D) Experiment can be done in similar manner but now, K2 should be pressed first, then K1 . Ans. (D)



EXPERIMENT # 10 TO FIND FOCAL LENGTH OF A CONCAVE MIRROR USING U-V METHOD. Principle : For different u, we measure different v, and find f using mirror’s formula



1 1 1 = + . f v u



In this experiment, a concave mirror is fixed at position MM’ and a knitting needle is used as an object, mounted in front of the concave mirror. This needle is called object needle (O in fig) Image



Image needle



Object needle



First of all we make a rough estimation of f. For estimating f roughly, make a sharp image of a far away object (like sun) on a filter paper. The image distance of the far object will be an approx estimation of focal length). Now, the object needle is kept beyond f, so that its real and inverted image (I in fig) can be formed. You can see this inverted image in the mirror by closing your one eye and keeping the other eye along the pole of the mirror. To locate the position of the image, use a second needle, and shift this needle such that its peak Coincide with the image. The second needle gives the distance of image (v), so it is called “image needle” (I' in figure). Note the object distance ‘u’ and image distance ‘v’ from the mm scale on optical bench. Similarly take 4-5 more observations.
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PHYSICS



Determining ‘f’ from u – v observation



:



Using Mirror Formula : (i)



Use mirror formula :



1 1 1 = + to find focal length from each u – v observation. Finally f v u



take average of all. (ii)



From



1 1 v/s curve : v u



1 1 1 1/ u 1/ v x y + =  + = 1  + = 1 v u f 1/ f 1/ f a b So curve between



1 1 1 1 v/s should be a straight line having x and y intercepts = and v u f f 1/v



1/f 1/f



from the observations of u and v, plot



1/u



1 1 v/s curve as a straight line, find the x and y v u 1/v (in 1/m) So f = -1/10



=1/f -10



intercepts, and equate them to



(iii)



1 1 and . f f



1/u (in 1/m) -10 =1/f So f = -1/10



From u – v curve : Relation between u and v is



1 1 1 + = v u f



..............(1)



So curve between v v/s u is a rectangular hyperbola as shown in figure. If we draw a line bisecting both the axis, i.e. line u = v ..............(2)



Graph of v vs. u for a Concave Mirror



then their intersection points should be v = 2f, u = 2f (By solving equation (1) and equation (2)) from u – v data, plot v v/s u curve, and draw a line bisecting the axis. Find the intersection point and equate them to (2f, 2f).
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PHYSICS



(iv)



From intersection of lines joining u n and v n : Indicate u1, u2, u3 ....... un on x-axis, and v1, v2, v3 ........ vn on y-axis. If we join u1 with v1, u2 with v2, u3 with v3 and ............... so on. All line intersects at a common point (f, f). Graph of v vs. u for a Concave Mirror



EXPLANATION Line joining u1 and v1 is



x y + u1 v1 = 1 where,



1 1 1 + = f u1 v1



..............(1)



or



f f + = 1 u1 v1



..............(1’)



Line joining u2 and v2 is



where



x y + = 1 u2 v2



..............(2)



f f + = 1 u2 v2



..............(2’)



Similarly Line joining un and vn is



where



x y + = 1 vn un



..............(3)



f f + = 1 un vn



..............(3’)



From equation (1’), (2’), (3’), we can say that x = f and y = f will (2), (3). So point (f, f) will be the common intersection point of all From u – v datas draw u1, u2 ...... un on x-axis and v1, v2, ........ vn with v1, u2 with v2 ........ un with vn. Find common intersection point
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PHYSICS V (in cm)



u (in cm) (-10,-10) = (f,f) So f=-10 cm



INDEX ERROR In u – v method, we require the distance between object or image from the pole (vertex) of the mirror (actual distance). But practically we measure the distance between the indices A and B. (Observed distance), which need not exactly coincide with object and pole, there can be a slight mismatch called index error, which will be constant for every observation.



Index error = Observed distance – Actual distance (Just like zero error in screw gauge, it is the excess reading). To determine index error, mirror and object needle are placed at arbitrary position. For measuring actual distance, a knitting needle is just fitted between the pole of mirror and object needle “O”. The length of knitting needle will give the actual object distance while the separation between indices A and B at that instant is the observed distance. So index error is e = Observed distance – Actual distance = Separation between indices A and B – Length of knitting needle once we get e, in every observation, we get Actual distance = Observed distance (separation between the indices) – Excess reading (e) *There is an another term , Index correction which is inverse of index error. Index correction = - index error Example 75. To find index error for u , when a knitting needle of length 20.0 cm is adjusted between pole and object needle, the separation between the indices of object needle and mirror was observed to be 20.2 cm. Index correction for u is (A) –0.2 cm (B) 0.2 cm (C) –0.1 cm (D) 0.1 cm Solution : (B) Index error (Excess reading) = Observed reading – Actual reading = 20.2 – 20.0 = 0.2 cm Example 76. To find index error for v, when the same knitting needle is adjusted between the pole and the image needle, the separation between the indices of image needle and mirror was found to be 19.9 cm. Index error for v is (A) 0.1 cm (B) –0.1 cm (C) 0.2 cm (D) –0.2 cm Solution : (B) e = 19.9 cm – 20.0 cm = –0.1 cm Example 77. In some observation, the observed object distance (Separation between indices of object needle and mirror) is 30.2 cm, and the observed image distance is 19.9 cm. Using index correction from previous two questions, estimate the focal length of the concave mirror!
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PHYSICS Solution :



u = = v = =



30.2 – 0.2 (excess reading) 30.0 cm. 19.9 – (–0.1) (excess reading) 20.0 cm.



1 1 1 = +  f v u



f = 12.0 cm.



Maximum permissible error in f due to imperfect measurement of u & v : In this experiment, from a set (u, v), focus distance f can be calculated from equation. 1 1 1 = + u f v



u  f  v  2 =± 2 ± 2 f  u v



Example 78.



Solution :



df







f







2



=



du u



2



+



dv v2



 f  u v  2 =+ 2 + 2  f max u v



 u v  2  f max   2  2   f v  u



In u – v method to find focal length of a concave mirror, if object distance was found to be 10.0 cm and image distance was also found to be 10.0 cm then find maximum permissible error in f, due to error in u and v measurement. 1 1 1 + =  u v f



f max so,



1 1 1 + = ( 10) ( 10) f



 u v    2  2  f2 v  u f = (5 ± 0.05) cm







f max







| f | = 5 cm



 0 . 1 0 .1    2  2   5 2 = 0.05 cm 10   10



EXPERIMENT # 11 To find focal length of a convex lens using u-v method. Principle : For different u, we measure different v, and find f using lens’s formula



1 1 1 = . f v u



Procedure : In this experiment, a convex lens is fixed at position L and a knitting needle is used as an object, mounted in front of the concave mirror. This needle is called object needle (AB in fig) First of all we make a rough estimation of f. For estimating f roughly, make a sharp image of a far away object (like sun) on a filter paper. The image distance of the far object will be an approx estimation of focal length. Now, the object needle is kept beyond f, so that its real and inverted image (I in fig) can be formed. To locate the position of the image, use a second needle, and shift this needle such that its peak coincide with the image. The second needle gives the distance of image (v), so it is called “image needle” (CD in figure). Note the object distance ‘u’ and image distance ‘v’ from the mm scale on optical bench. Similarly take 4-5 more observations.



Determining ‘f’ from u – v observation : Using lens Formula : (i)



Use lens formula :



1 1 1 = to find focal length from each u – v observation. f v u



Finally take average of all.
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PHYSICS (ii)



From



1 1 v/s curve : v u



1/ u 1 1 1 1/ v x y =  1/ f + = 1  + = 1 v u f 1/ f a b



1/v 1/f



1 1 So curve between v/s should be a straight line having x v u and y intercepts = -



Graph of



1 1 vs. u v



1 1 and f f



for a convex lens 1/v (in 1/m)



1 1 from the observations of u and v, plot v/s curve v u



(iii)



1 1 and . f f



So f = 1/10



10 =1/f



as a straight line, find the x and y intercepts, and equate them to -



1/u



-1/f



1/u (in 1/m)



-10 =-1/f So f = 1/10



From u – v curve : Relation between u and v is



1 1 1 = v u f



..............(1)



So curve between v v/s u is a rectangular hyperbola as shown below. If we draw a line bisecting both the axis, i.e. line u = - v ..............(2) then their intersection points should be V = 2f, u = - 2f (By solving equation (1) and equation (2)) from u – v data, plot v v/s u curve, and draw a line y = -x . Find the intersection point and equate them to (-2f, 2f).



Graph of v vs. u for a Convex lens V



1/v -1/u = 1/f



(-2f,2f) U Line v=-u



(iv)



v v4



From intersection of lines joining u n and v n : Indicate u1, u2, u3 ....... un on x-axis, and v1, v2, v3 ........ vn on y-axis. If we join u1 with v1, u2 with v2, u3 with v3 and ............... so on. All line intersects at a common point (-f, f).



(-f,f) u1



u2 u3 u4



v3 v2 v1 u



from u – v datas draw u1, u2 ...... un on x-axis and v1, v2, ........ vn datas on y-axis. Join u1 and v1, u2 with v2 ........ un and vn. Find common intersection point and equate it to (-f, f) Index error and max permissible error is similar to the concave mirror
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