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GENERAL LABORATORY PROCEDURE
· The Lab Manual is a working document, designed to help students record all lab activities (measurements, observations, answers to questions in the lab manual etc.).
· Student must have his/ her instructor sign the sheet before he/ she leaves.
· Every student should submit a report on each experiment. The report must be written in your own words and can be read independent from the lab manual.
· All axes in all graphs should be clearly labeled.
· When you have finished for the day, return all modules to their proper storage bins, return all test leads and probes to their storage racks, return all equipment to its correct location and clean up the lab station
· Strictly follow the COVID-19 SOPs during work in the lab. 

Laboratory Safety
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Always pay attention to what you are doing and you’re surrounding during the experiments and notify the Instructor for any unlikely event or mishap and leave the Laboratory with the permission of Instructor immediately.

· Wash your hand before enter and leaving the lab.
· [image: image30.png]


Wear proper dress 
Don’t wear: loose dress, Jewelry, shorts or skirts, sandals or other open-toed shoes
· [image: image31.png]


When performing laboratory experiments, always wear a smock or lab coat.

· Wear face shields or safety glasses and gloves (where necessary) when handling with equipment, hazardous materials, glassware, heat, and/or chemicals
Emergency Response

· It is your responsibility to read safety and fire alarm posters and follow the instructions during an emergency

· Know the location of the fire extinguisher, eye wash, and safety shower in your lab and know how to use them.

· Notify your instructor immediately after any injury, fire or explosion, or spill.

· Know the building evacuation procedures.
Instructions

· Never eat, drink, or smoke while working in the laboratory. 
· Read labels carefully. 

· Do not use any equipment unless you are trained and approved as a user by your supervisor. 

· Wear safety glasses or face shields when working with hazardous materials and/or equipment. 

· Wear gloves when using ng any hazardous or toxic agent. 

· Clothing: When handling dangerous substances, wear gloves, laboratory coats, and safety shield or glasses. Shorts and sandals should not be worn in the lab at any time. Shoes are required when hen working in the machine shops. 

· If you have long hair or loose clothes, make sure it is tied back or confined. 

· Keep the work area clear of all materials except those needed for or your work. Coats should be hung in the he hall or placed in a locker. Extra books, purses, purses, etc. should be kept away from equipment that requires air flow or ventilation to pre prevent overheating. 

· Disposal -Students are re responsible for the proper disposal of used d material if any in appropriate containers.

· Equipment Failure -If a piece of equipment fails while being used, report it immediately to your lab assistant or tutor. Never try to fix the problem yourself because you could harm arm yourself and others. 
· If leaving a lab unattended, turn off all ignition sources and lock the doors. 
· Never pipette anything by mouth. 
· Clean up your work area before leaving. 
· Wash hands before leaving the lab and before eating.

· Unauthorized person(s) person(s) shall not be allowed in a laboratory for any reason 
Electrical safety 

· Obtain permission before operating any high voltage equipment. 

· Maintain an unobstructed access to all electrical panels. 

· Avoid using extension cords whenever possible. If you must use one, obtain a heavy-duty one that is electrically grounded, with its own fuse, and install it safely. Extension cords should not go under doors, across aisles, be hung from the ceiling, or plugged into other extension cords. 

· Never, ever modify, attach or otherwise change any high voltage equipment. 

· Always make sure all capacitors are discharged (using a grounded cable with an insulating handle) before touching high voltage leads or the "inside " of any equipment even after it has been t many hours after the turned off. Capacitors can hold charge for ma equipment has been turn turned off. 

· Discard damaged cords,  that become hot, or cords with exposed wiring. 

· Know the correct handling, storage and disposal procedures for batteries, cells, capacitors, inductors and other high energy-storage devices. 

· Experiments left unattended should be isolated from the power supplies. If for a special reason, it must b be left on, a barrier and a warning notice are required. 

· Equipment found to be faulty in any way should be reported to o the Lab Engineer immediately and taken ken out of service until inspected and declared safe. . 

PRACTICAL NO. 1
DETERMINATION AND VERIFICATION OF RESULTANT FORCE USING FORCE TABLE
OBJECTIVE 
To verify the conditions required for a system to be in equilibrium under the influence of coplanar forces, and confirm Newton’s first law of motion.

APPARATUS REQUIRED 
Force table (table, ring, string and four 50g hangers), set of slotted weights, protractor and ruler.
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Fig. Universal force table

THEORY 
Equilibrium - Newton’s first law of motion states that an object in uniform motion will stay in uniform motion, and an object at rest will remain at rest unless it is acted upon by an external net force. In this experiment focus is kept on the object at rest. Mathematically, Newton’s first law is expressed as a=0, if Σ𝐹=0.  Newton’s first law is complimented by his second law of motion (this law will be examined in detail in a  later experiment), which is often simplified to the expression F=ma. or net force ¡s equal to mass times acceleration. Notice that force and acceleration are both vectors, but mass is a scalar; t simply scales the magnitude of acceleration, hence the term scalar, Force and acceleration always point in the same direction. Net force means the sum of all forces acting on the object. Using these two laws, we can say that if the net force on an object is equal to zero, the object will not experience an acceleration. This is the condition required for equilibrium of concurrent forces. So, if an object is set at rest in an equilibrium condition, it will not accelerate, and thus it will remain at rest and this is how it can be tested for equilibrium.
In this experiment, we are concerned with balancing coplanar forces. If the forces are balanced, the sum of the vectors or the net force is zero, and equilibrium is reached. 

PROCEDURE 
1. [image: image32.png]


Level the circular platform is horizontal using the leveling screws, if necessary, to make the necessary adjustments.
2. Attach pulleys and ring to Force Table. 
3. Attach hangers two/three hangers on one side representing as forces and one hanger on opposite side representing resultant of these forces

4. Add weights to the hangers in such a way that ring comes in the center

5. Note weights and angles (measure all angles between 0° to 360°, counterclockwise from positive x-axis)
6. Use the grid to draw the force diagram. Label each force and angle appropriately.
7. Calculates x and y- components of the forces for analytical calculation of resulting force and enter in data Table 1.1

8. Calculate percentage error

9. Make discussion on results 
	Force Name
	Magnitude

(kg)
	Angle

(°)
	Experimental
	Analytical

	
	
	
	Force

(N)
	x-component
	y-component

	F1
	
	
	
	
	

	F2
	
	
	
	
	

	.
	
	
	
	
	

	Resultant
	
	
	
	∑Fx =
	∑Fy =

	
	
	
	
	


What is the calculated value of R (equilibrant) needed to balance the two forces F1 and F2?

Magnitude Rcalc = ________________________
Direction θcalc
  = ________________________ 
What is the experimental value of R (equilibrant) needed to balance the two forces F1 and F2?

Magnitude Rcalc = ________________________

Direction θcalc
  = ________________________ 

What is the percent deference between calculated and experimental values of the magnitude of R?

 Percent error % = ________________________
Discussion 
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

PRACTICAL NO. 2

DETERMINATION OF POLAR MASS MOMENT OF INERTIA OF A FLYWHEEL
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Fig. Flywheel Apparatus 
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PRACTICAL NO.3
VERIFICATION OF SUPPORT REACTION OF A SIMPLY SUPPORTED BEAM

OBJECTIVE 
To verify the support reactions of a simply supported beam

APPARATUS REQUIRED 
A Graduated wooden beam, two weighing machines, weights

[image: image6.emf]
Fig. Experimental setup for simply supported beam

THEORY 
This experiment is based on ‘Principle of moments’ which states that if a body is in equilibrium under the action of a number of coplanar forces then the algebraic sum of all the forces and their moments about any point in their plane are zero.

Mathematically: The body will be in equilibrium, if

ΣH =0 i.e. the algebraic sum of all horizontal forces is zero.

ΣV =0 i.e. the algebraic sum of all Vertical forces is zero.

ΣM =0 i.e. the algebraic sum of all moments about a point is zero.

PROCEDURE 
A. Place the graduated beam on the weighing machine. 

B. Ensure that initial reading of weighing machine is zero, if not make it equal to zero by pressing tare button. 

C. Now suspend the weights at different points on the beam 

D. Note down the readings of the weighing machine which represent the observed values of support reactions at A and B. 

E. Measure the distance of each weight from one support. 

F. Then apply the equations of equilibrium (ΣH =0, ΣV =0, ΣM =0 ) to calculate the support reaction at both the ends. 

G. If there is any difference between observed and calculated reactions then calculate the percentage error. 

OBSERVATIONS 
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ANALYTICAL CALCULATIONS 
Free body diagram of the setup is shown in Fig. 

[image: image8.emf]
Fig. 4.2 Free body diagram

From the equation of Equilibrium , ΣV =0 i.e. the algebraic sum of all Vertical forces is zero.

ΣV =0 RA ‘+RB’ = W1 + W2 + W3 

ΣMA =0 RB ‘* L = W1* L1+ W2*L2 + W3*L3

RB’ = Calculated reaction force at B 

RA ‘= Calculated reaction force at A 

RB = Observed reaction force at B 

RA = Observed reaction force at A

Percentage error at point A
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Percentage error at point B
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PRECAUTIONS 
A. Measure the Distance accurately. 

B. Beam should be kept at the centre of weighing pan. 

C. The Weights Should suspended gently at hooks. 

D. The readings should be taken carefully. 

E. Before noting down the final readings, the beam should be slightly pressed downwards so as to avoid any friction at the support. 

RESULT 
Reactions at the supports of simply supported beam are verified successfully.

PRACTICAL NO. 4

VERIFICATION OF PRINCIPLE OF MOMENT USING BELL CRANK LEVER APPARATUS

OBJECTIVE 
To verify the law of moment by using bell crank lever

APPARATUS REQUIRED 
Bell Crank Lever apparatus, slotted weight, spirit meter, spring balance and pointer
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Fig.  Bell Crank Lever Apparatus

THEORY 
The bell crank lever is an apparatus used to verify the law of moments. The bell crank is used to convert the direction of reciprocating movement. A bell crank is a type of crank that changes motion around a 90 degree angle. The name comes from its first use, changing the vertical pull on a rope to a horizontal pull on the striker of a bell, used for calling servants in upper class British households. The fixed point of the lever about which it moves is known as the fulcrum.

The bell crank consists of an "L" shaped crank pivoted where the two arms of the L meet. Moving rods (or ropes) are attached to the ends of the L arms. When one is pulled, the L rotates around the pivot point, pulling on the other arm.

Changing the length of the arms changes the mechanical advantage of the system. Many applications do not change the direction of motion, but instead to amplify a force "in line", which a bell cranks, can do in a limited space. There is a tradeoff between range of motion, linearity of motion, and size. The greater the angle traversed by the crank, the more non-linear the motion becomes (the more the motion ratio changes).

According to law of moments “the moment of a force about an axis is equal to the sum of moment of its component about the same axis.”
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PROCEDURE 
A. Make the longer arm of the lever horizontal by adjusting with wing nut provided at the end of spring balance longer screw, by using a spirit meter when there is no load on longer arm. 

B. Adjust the initial spring balance reading as zero. 

C. Hang a small weight (W) on the hook fixed in the lever. This will make the longer arm move down ward and the spring balance will show some reading on balance 

D. Note the final spring balance reading. 

E. Change the position of load and repeat the steps B to D for different loads and calculate the moments. 

F. Take at least six readings. 

ANALYTICAL CALCULATION 
[image: image13.emf]
Fig. Free Body Diagram of Apparatus

Free body diagram of bell crank lever apparatus is shown in Fig. 3.2. Here, 

W

Force applied on lever 

D

Varying distance on lever 

S’

Theoretical spring force 

S

Experimental spring force 

D

Fixed distance, measure from the fulcrum of equipment

As the system is in equilibrium,

ΣMo=0

W×D-S’×d=0

OBSERVATIONS 
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PRECAUTIONS 
A. There should minimal disturbance as long as the pointer is concerned. 

B. Only one person must take all the readings, because eye-judgment for matching the pointer with the mark on the lever will vary from individual to individual. 

C. Weights should not touch the table. 

D. Add weights in the hanger gently. 

E. The pointer should exactly coincide with the mark on the bell crank lever. 

F. The optimum starching of spring should be kept in mind. 

G. The apparatus should be kept on smooth and leveled surface. 

H. Proper lubrication of the joints of two arms of the lever should be done so as to reduce frictional force. 

I. Zero error of spring should be properly noted. 

RESULT 
From the values obtained above, it’s clear that the observed and calculated values of spring force are nearly equal and within the permissible experimental error limits.

Hence the Law of Moments stating that “the moment of a force about an axis is equal to the sum of moment of its component about the same axis” has been verified.

PRACTICAL NO. 5

TO FIND OUT THE CENTER OF GRAVITY OF IRREGULAR LAMINA

APPARATUS
· Irregular Lamina 
· Stand 
· Inextensible string 
· Meter rod and pencil. 
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PROCEDURE:

· Take the lamina of irregular shape of some suitable material. 
· Tie the string at point A as shown in figure. 
· Suspend the lamina vertically by fixing other end of the string to the stand and drawing line along the plumb line.

· Now suspend the lamina vertically at some other suitable point B and again draw the line along the plumb line.

· The center of gravity of the lamina will be the point where these two plumb line intersect.

· Suspend the lamina at another point C and draw the plumb line, which should pass through the center of gravity already located. 

PRECAUTIONS:

· The lamina should be of perfectly uniform mass. 
· The point of suspension should be quite small. 
· Draw the plumb line when lamina and string come to rest. 
· The thickness of the lamina should be uniform. 
PRACTICAL NO. 6
VERIFICATION OF CENTROID OF DIFFERENT LAMINAE
OBJECTIVE 

To verify the coordinates of the centroid of given lamina determined from the experiment with theoretical result

APPARATUS REQUIRED 

Vertical stand, lamina (Triangular, L section, Parabolic) and Measuring tape

THEORY
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[image: image20.emf]
Fig. Lamina

OBERVATION 
[image: image21.emf]
PRECAUTION 

Length of bar must be measured carefully

RESULT 

The centroid of regular and irregular plane lamina has been found out for various reference points
PRACTICAL NO. 7
DETERMINE THE FORCES ACTING IN THE MEMBERS OF A LOADED ROOF TRUSS.
OBJECTIVE 
To find the axial forces in all the bars of the triangular truss and find out the type of force

APPARATUS REQUIRED 
Triangular truss, weights hangers, weights, measuring rape and divider for measuring angles

THEORY 
A truss is defined as a structure that is made of straight rigid bars joined together at their ends by pin or welding or reverting and subjected loads only at joints or nodal points. The assumptions made are 

A. The truss is statically determinate 

B. The loads are applied only at joints 

C. Members are two force member 

D. The weights of the members are negligibly small compared to the loads carried by the whole truss 

ROOF TRUSS
A timber roof truss is a structural framework of timbers designed to bridge the space above a room and to provide support for a roof. The space between each truss is known as a bay.
PROCEDURE 
Using Method of Joints

· With the help of a spirit level make the table horizontal
· Now make sure that the dials are working properly and note their zero errors
· Apply load to the hanger

· Note the dial reading for each arm.

· Calculate the force in each arm by multiplying the dial reading with constant given on apparatus.
· Calculate the theoretical values of forces in each member by measuring angle and length of members.

· Compare the theoretical and experimental values.

· Repeat the experiment with different angles
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Fig. Triangular Truss

OBSERVATION
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PRECAUTION
· Reading of dial must be noted carefully

· Length of bar must be measures carefully 

· Angle of bar must be measured carefully

RESULT
The analysis of truss is done and type of force in each bar is stated in the tabular form and both the methods are compared.

PRACTICAL NO. 8
DETERMINATION OF COEFFICIENT OF FRICTION BETWEEN TWO SURFACES 
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