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able to spin-up the stratification into solid-body rotation and only then initiate the flow.
The approach we have adopted here is to use the magnetic field of a superconducting
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create a gravitationally-stable two-layer stratification using standard flotation
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rotation and a parabolic interface is observed.  Our experiments use fluids with low
magnetic susceptibility compared to a ferrofluid.  The dominant effect of the magnetic
field is to apply a body force to each fluid layer changing the liquid's effective weight.
The upper layer is weakly paramagnetic and the lower layer is weakly diamagnetic so
that as the magnetic field is applied, the lower layer is repelled from the magnet while
the upper layer is attracted toward the magnet, and we see the onset of the Rayleigh-
Taylor instability.  We further observe that increasing the dynamic viscosity of fluid in
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This paper highlights a protocol for initiating the Rayleigh-Taylor Instability in a rotating fluid
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chanics (particularly with focus in environmental, atmospheric and oceanographic flows) which has
overlaps with Engineering, Applied Mathematics, Physics and Chemistry.

Scase, Hill & Baldwin designed the procedures described in the manuscript, performed the experi-
ments and analyzed the data. Finally, Scase wrote the manuscript.

During the preparation and submission of this manuscript, we have been kindly assisted by Ben-
jamin Werth.

Thank you for your consideration of this manuscript. We look forward to hearing from you.

Yours sincerely,

Matt

Cover Letter



 

Page 1 of 11          
 

TITLE:  
Magnetically-Induced Rotating Rayleigh-Taylor Instability 
 
AUTHORS: 
Scase, Matthew M. *, Baldwin, Kyle A. *, Hill, Richard J. A.* 

*Equal Contribution 
 
AUTHOR AFFILIATION: 
Matthew M. Scase 
School of Mathematical Sciences 
University of Nottingham 
Nottingham, UK 
matthew.scase@nottingham.ac.uk  
 
Kyle A. Baldwin 
Faculty of Engineering 
University of Nottingham 
Nottingham, UK 
kyle.baldwin@nottingham.ac.uk 
 
Richard J. A. Hill 
School of Physics and Astronomy 
University of Nottingham 
Nottingham, UK 
richard.hill@nottingham.ac.uk 
 
CORRESPONDING AUTHOR:  
Matthew M. Scase (matthew.scase@nottingham.ac.uk) 
 
KEYWORDS: 
interfacial instability, rotation, Rayleigh-Taylor instability, stratification, strong magnet field, 
paramagnetism, diamagnetism 
 
SHORT ABSTRACT: 
We present a protocol for preparing a two-layer density-stratified liquid that can be spun-up 
into solid body rotation and subsequently induced into Rayleigh-Taylor instability by applying a 
gradient magnetic field. 
 
LONG ABSTRACT: 
Classical techniques for investigating the Rayleigh-Taylor instability include using compressed 
gasses1, rocketry2 or linear electric motors3 to reverse the effective direction of gravity, and 
accelerate the lighter fluid toward the denser fluid.  Other authorse.g. 4–6 have separated a 
gravitationally unstable stratification with a barrier that is removed to initiate the flow.  
However, the parabolic initial interface in the case of a rotating stratification imposes 
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significant technical difficulties experimentally.  We wish to be able to spin-up the stratification 
into solid-body rotation and only then initiate the flow in order to investigate the effects of 
rotation upon the Rayleigh-Taylor instability.  The approach we have adopted here is to use the 
magnetic field of a superconducting magnet to manipulate the effective weight of the two 
liquids to initiate the flow.  We create a gravitationally-stable two-layer stratification using 
standard flotation techniques.  The upper layer is less dense than the lower layer and so the 
system is Rayleigh-Taylor stable.  This stratification is then spun-up until both layers are in solid-
body rotation and a parabolic interface is observed.  These experiments use fluids with low 
magnetic susceptibility, |χ| ~ 10-6 — 10-5, compared to a ferrofluids.  The dominant effect of 
the magnetic field applies a body-force to each layer changing the effective weight.  The upper 
layer is weakly paramagnetic while the lower layer is weakly diamagnetic. When the magnetic 
field is applied, the lower layer is repelled from the magnet while the upper layer is attracted 
towards the magnet.  A Rayleigh-Taylor instability is achieved with application of a high 
gradient magnetic field. We further observed that increasing the dynamic viscosity of the fluid 
in each layer, increases the length-scale of the instability. 
 
INTRODUCTION:  
A density stratified fluid system consisting of two layers can be arranged in a gravitational field 
in either a stable or an unstable configuration.  If the dense heavy layer underlies the less 
dense, light layer then the system is stable: perturbations to the interface are stable, restored 
by gravity, and waves may be supported on the interface.  If the heavy layer overlays the light 
layer then the system is unstable and perturbations to the interface grow.  This fundamental 
fluid instability is the Rayleigh-Taylor instability7,8.  Exactly the same instability may be observed 
in non-rotating systems that are accelerated towards the heavier layer.  Due to the 
fundamental nature of the instability it is observed in very many flows that also vary greatly in 
scale: from small-scale thin film phenomena9 to astrophysical scale features observed in, for 
example, the crab nebula10, where finger-like structures are observed, created by pulsar winds 
being accelerated through denser supernova remnants.  It is an open question as to how the 
Rayleigh-Taylor instability can be controlled or influenced once the initial unstable density 
difference has been established at an interface.  One possibility is to consider bulk rotation of 
the system.  The purpose of the experiments is to investigate the effect of rotation on the 
system, and whether this may be a route to stabilization. 

We consider a fluid system that consists of a two-layer gravitationally unstable stratification 
that is subject to steady rotation about an axis parallel to the direction of gravity.  A 
perturbation to an unstable two-layer density stratification leads to baroclinic generation of 
vorticity, i.e., overturning, at the interface, tending to break-up any vertical structures.  
However, a rotating fluid is known to organize itself into coherent vertical structures aligned 
with the axis of rotation, so-called ‘Taylor columns’11. Hence the system under investigation 
undergoes competition between the stabilizing effect of the rotation, that is organizing the flow 
into vertical structures and preventing the two layers overturning, and the destabilizing effect 
of the denser fluid overlying the lighter fluid that generates an overturning motion at the 
interface. With increased rotation rate the ability of the fluid layers to move radially, with 
opposite sense to each other, in order to rearrange themselves into a more stable 
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configuration, is increasingly inhibited by the Taylor-Proudman theorem12,13: the radial 
movement is reduced and the observed structures that materialize as the instability develops 
are smaller in scale.  Fig. 1 shows qualitatively the effect of the rotation on the eddies that form 
as the instability develops.  In the left hand image there is no rotation and the flow is an 
approximation to classical non-rotating Rayleigh-Taylor instability.  In the right hand image all 
experimental parameters are identical to the left hand image except that the system is being 
rotated about a vertical axis aligned with the center of the tank.  It can be seen that the effect 
of the rotation is to reduce the size of the eddies that are formed.  This, in turn, results in an 
instability that develops more slowly than the non-rotating counterpart. 
 
The magnetic effects that modify the stress tensor in the fluid may be regarded as acting in the 
same way as a modified gravitational field. We are therefore able to create a gravitationally 
stable stratification and spin it up into solid body rotation.   The magnetic body forces 
generated by imposing the gradient magnetic field then mimic the effect of modifying the 
gravitational field.  This renders the interface unstable such that the fluid system behaves, to a 
good approximation, as a classical Rayleigh-Taylor instability under rotation.  This approach has 
been previously attempted in two dimensions without rotation14,15.  For an applied gradient 
magnetic field with induced magnetic field B, the body force applied to a fluid of constant 
magnetic volume susceptibility χ is given by f = grad(χB2/μ0), where B = |B| and μ0 = 4π × 10-7 N 
A-2 is the magnetic permeability of free-space.  We may therefore consider the magnet to 
manipulate the effective weight of each fluid layer, where the effective weight per unit volume 
of a fluid of density ρ in a gravitational field of strength g is given by ρg - χ (∂B2/∂z)/(2 μ0). 
 
PROTOCOL:  
NOTE: The experimental apparatus is shown schematically in Fig. 2.  The main part of the 
apparatus consists of a rotating platform (300 mm × 300 mm) mounted on a copper cylinder 
(55 mm diameter) that descends under its own weight into the strong magnetic field of a 
superconducting magnet (18 T) with a room temperature vertical bore.  The platform is made 
to rotate via an off-axis motor that turns a slip-bearing with a keyhole orifice. The copper 
cylinder is attached to a key-shaped drive shaft that simultaneously rotates, and descends once 
the holding-pin is removed.  
 
1) Preparation of non-standard equipment 
1.1) Flotation boat 
1.1.1) Make the size of the boat such that it fits comfortably within the experimental tank 
without touching the sides. 
NOTE: The flotation boat (see Fig. 3) consists of polystyrene walls and a sponge base. 
 
1.1.2) Protect the sponge with a layer of strong tissue paper.  
NOTE: The purpose of the tissue paper is to dissipate as much vertical momentum from the 
fluid poured into the boat as possible. 
 
2) Preparation of Experiment 
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2.1) Preparation of liquid layers 
 
2.1.1) Allow distilled water to come up to laboratory temperature (22 +/- 2 C).  Approximately 
650 ml is required for each experimental realization. 
NOTE: Allowing the mixture to equilibrate prevents formation of bubbles in the experiment due 
to exsolving air. 
 
2.1.2) Separate the distilled water into equal volumes in two separate containers, A and B, 
which will be used to prepare liquid for the dense lower layer and light upper layer respectively. 
 
2.1.3) Ex-situ preparation of dense lower layer.  To the contents of container A: 
 
2.1.3.1) Add NaCl to achieve a concentration of 0.43 mol NaCl per liter of water (approximately 
25 g of NaCl per liter of water will be required); 
 
2.1.3.2) Add 0.33 g red and blue water-tracing dyes to the lower layer container (e.g., Cole-
Parmer 00295-16 & -18); 
 
2.1.3.3) Add 0.1 g l-1 fluorescein sodium.  
NOTE: The lower layer will be now be opaque in appearance and have a density of 
approximately 1012.9 +/- 1.2 kg m-3. 
 
2.1.4) Ex-situ preparation of light upper layer.  To the contents of container B: 
 
2.1.4.1) Add MnCl2 salt to achieve a concentration of 0.06 mol MnCl2 per liter of water 
(approximately 12 g of MnCl2 per liter of water); 
NOTE: The upper layer will be transparent in appearance and have a density of approximately 
998.2 +/- 0.5 kg m-3. 
 
2.1.5) To vary the viscosity of the fluid layers, add glycerol C3H8O3 in equal amounts to each 
layer until the desired viscosity is attained.  Typical viscosities lie in the range 1.00 × 10-3 — 
21.00 × 10-3  Pa s.  The viscosity of each layer is the same. 
NOTE: The mixtures may be safely stored in their separate containers until required. 
 
2.1.6) Ex-situ preparation of density stratification. 
 
2.1.6.1) Add 300 ml of the contents of container A to the cylindrical inner tank (see Fig. 2). 
 
2.1.6.2) Immerse the flotation boat's sponge in fluid from container B. 
NOTE: After (2.1.6.2) the procedure is time sensitive, so do not carry out any further steps until 
all the magnet and the lighting, recording and mechanical mechanisms are ready. 
 
2.1.6.3) Lift the flotation boat out of the container B and, when it has stopped dripping, 
carefully place the flotation boat on top of the layer of dense fluid in the inner cylindrical tank. 
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2.1.6.4) Begin to add light-layer fluid from container B to the flotation boat at a flow rate of 3 
ml/min.  Gradually increase this flow rate as the flotation boat lifts away from the interface 
between the two layers.  Maintain a slow enough flow rate that the interface is not disturbed 
by the increased momentum of the fluid flow, but fast enough that this process takes no more 
than 20 min.  Keep filling until the upper layer contains 320 ml of fluid. 
NOTE: The lower layer will be at a depth of approximately 33 mm, and the upper layer will be at 
a depth of approximately 39 mm. 
 
2.1.6.5) Carefully lower the lucite lid into the upper layer such that the layer depths of each 
layer are equal.  Allow fluid and air to flow through the bleed holes, ensuring that no air is 
trapped beneath.  Observe a layer (approx 6 mm) of clear light layer liquid on top of the lucite 
lid. 
NOTE: If the process has been successful there will be two layers of liquid of equal depth with a 
sharp interface between them.  The thickness of the diffusion layer at the interface will be less 
than 2 mm at this stage. 
 
2.1.7) Fill the outer tank with clear distilled water to a height 6 mm above the lucite lid of the 
inner tank.  Upon observing square-on there will be no curvature-induced parallax resulting 
from the inner cylindrical tank. 
NOTE: Since the liquids in each layer are continuously diffusing across the interface at this 
point, proceed immediately to the following steps. 
 
2.2) Spin-up of the stratification 
 
2.2.1) Place the experimental tank on the platform. 
 
2.2.2) Position the arrangement with the copper cylinder in the bore of the magnet, the drive 
shaft through the keyhole orifice in the track and the holding pin in position.  Ensure that the 
tank is far away (60 cm) from the magnet such that the magnetic forces on the liquids are 
negligible at this position.   
NOTE: Carrying the experimental tank containing the stratification presents few difficulties; 
long, low amplitude, sloshing waves set up by walking with the tank will decay away, having 
negligible effect on the quality of the interface achieved when floating the upper layer on. 
 
2.2.3) Turn on the motor, increasing the rate of rotation at 0.002 rad s-2, spinning-up the fluid to 
the desired rotation rate.  For the rotation rates in 16 the spin-up time was of the order 20 min 
— 60 min.   
NOTE: The fastest rotation rate used was 13.2 rad s-1. 
 
3) Execution of experiment 
3.1.1) Ensure that the magnet is indicating a field strength of 1.2 T, and that at the height at 
which the instability is initiated the field gradient is (grad B2)/2 = -14.3 T2 m-1, where B is the 
magnetic induction. 
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3.1.2) Ensure that the video camera is arranged such that when the drive shaft is in its lowest 
position either the side view of the experiment is in focus, or a plan view is in focus through a 
mirror placed above the experiment. 
 
3.1.3) Ensure the ambient lighting is at the correct levels, such that none of the image captured 
by the camera is saturated, but that the full response is used (grayscale intensities in the range 
0—255). 
 
3.1.4) Begin video recording (240 fps).  Use a remote control to prevent moving the camera 
while operating the record function. 
 
3.1.5) Remove the holding pin, allowing the tank to descend, while rotating, into the magnetic 
field. 
 
4) Reset experiment 
 
4.1) Reset experimental rig 
 
4.1.1) Use the remote control to stop the video recording. 
 
4.1.2) Save the movie file to disk. 
 
4.1.3) By hand, lower the voltage to the motor so that it slows to a standstill.  Perform this 
gradually so as to prevent spillages. 
 
4.1.4) Remove experimental arrangement from magnet. 
 
4.1.5) Dispose of the mixed liquid layers appropriately (see Manganese Chloride Tetrahydrate 
MSDS). 
 
4.1.6) Rinse the tank with water (it does not need to be distilled), until all traces of salts have 
been washed away.  Avoid direct skin contact with liquids. 
 
4.1.7) Dry the tank carefully with tissue paper to ensure that no residue is left that may 
contaminate subsequent experiments. 
 
5) Image Processing 
 
5.1) Extract the individual images from each movie frame and save in lossless .png format.  
Mask out any unwanted areas of each frame, for example the platform or copper cylinder. 
 
5.2) Calculate the two-dimensional auto-correlation function16 of each image frame for 2 s after 
initiation of the instability using a discrete Fast Fourier Transform.  Record the minimum, mean, 
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and maximum value of the observed wavelength for the rotation rate of the experiment and 
the viscosity of the fluid layers. 
 
REPRESENTATIVE RESULTS:  
Fig. 4 shows the development of the Rayleigh-Taylor instability at the interface between the 
two fluids, for four different rotation rates: Ω = 1.89 rad s-1 (top row), Ω = 3.32rad s-1, Ω = 4.68 
rad s-1, and Ω = 8.74 rad s-1 (bottom row). The interface is shown evolving in time from t = 0 s 
(left hand column) with increments of 0.5 s to t = 3.0 s (right hand column). The right hand 
column therefore represents 0.90, 1.59, 2.23, and 4.17 complete revolutions respectively from 
top to bottom row.  

At early times (t ~ 0.5–1.0 s) a perturbation to the interface can be seen which exhibits a 
dominant length scale. Structures reminiscent of snake-like convection rolls17 can be observed. 
Despite the center of the tank becoming unstable first there is no clear initiation at the center 
of the tank; the instability, to a good approximation, is initiated across the whole extent of the 
tank. (At the highest rotation rate some reflection from the lighting rig can be observed, this is 
unavoidable with the implemented configuration and occurs due to the curvature of the free 
surface of the fluid above the tank lid.)  

It is apparent that with an increase in rotation rate, the observed instability decreases in length 
scale. At the lower rotation rates the paths followed by the initial disturbance structures have 
significant radial deviation, meandering in towards the center of the tank and back out to the 
side walls again. At the lowest rotation rates the instability is more cellular than serpentine. As 
the rotation rate is increased the cellular initial perturbation is no longer observed and a more 
serpentine-like structure appears. With increasing rotation rate the width of these structures 
decreases. It can also be observed that the amount of radial meandering decreases too. It can 
be seen that, for the rotation rates shown, the instability develops radially first with the 
azimuthal perturbations becoming more pronounced as time evolves. By the time t ≈ 3.0 s it is 
difficult to distinguish which structures arose due to a radial or azimuthal perturbation.  

The key observation from the images is that the observed length scale of the structures is 
smaller for greater rotation rates.  We can also see the strength of the technique in that the 
instability does not develop from a vortex sheet created by a lock-removal.  

Fig. 5 shows images from a series of experiments keeping the rotation rate fixed (Ω = 7.8 ± 0.1 
rad s-1), but varying the fluid viscosity. The ratio of the viscosity of each layer compared to the 
viscosity of water, μ/μw, varies from 1.00 (top row) to 20.50 (bottom row) and the time of each 

image varies from t = 0 s (left column) to t = 1.5 s (right column). It is apparent that as the 
viscosity of the two layers is increased the observed length scale increases. In the most viscous 
case shown the observed length scale is approximately 18 mm compared to the 6 mm length 
scale observed in the least viscous case. It can also be seen that in the most viscous case there 
appears to be a strong wall effect.  We observe a general trend from short to long wavelength 
instability as viscosity is increased. 
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The observed instabilities have a wavelength which changes slowly in time and which we 
measure experimentally via an auto-correlation of each image in the movie of the experiment.  
The auto-correlation is computed from a two-dimensional discrete Fast Fourier Transform of 
the image intensity.  Light regions of the image represent peaks in the instability, and dark 
regions indicate troughs.  A maximum in the auto-correlation is therefore a measure of the 
instability wavelength that is of key importance as the dispersion relation for the Rayleigh-
Taylor instability shows that the growth rate of a given mode of instability depends upon its 
wavelength.  Fig. 6 shows representative measurements of the observed wavelength of 
instability for varying rotation rates.  We observe that as the rotation rate increases the 
observed wavelength of instability decreases to a lower threshold of approximately 6mm for 
rotation rates greater than approximately 4 rad s-1. 
  
FIGURE LEGENDS:  
Figure 1: Qualitative effect of rotation on the Rayleigh-Taylor Instability. The image on the left 
hand side is of the Rayleigh-Taylor instability developing in a non-rotating system. The 
instability develops in time, forming large vortices that transport the ‘denser’ (green) fluid 
downwards. The image on the right hand side is of the same fluids, and therefore the same 
gravitational/magnetic instability, but here the system is rotating. The effect of the rotation can 
be seen to restrict the size of the vortices that form and inhibit the bulk vertical transport of 
fluid. The times shown are 1.92 s and 3.52 s after initiation on the left hand side and right hand 
side respectively.  The tank diameter is 90 mm, and the rotation rate in the right hand image 
was 2.38 rad s-1.  
 
Figure 2: Experimental set-up. A cylindrical tank contains the two liquid layers.  A Lucite lid 
forms a solid lid for the two layers.  Fluid above the lid helps to remove reflections and glare 
from the Lucite.  The cylindrical tank is immersed in distilled water in a rectangular outer tank.  
These tanks are placed on a platform and spun-up above the magnet where the magnetic 
forces are negligible.  The platform is spun by an off-center motor rotating a keyhole shaped 
slip-bearing.  To begin the experiment the pin is removed and the experiment descends under 
its own weight into the magnetic field, simultaneously rotating.  (This figure has been modified 
from 16.) 
 
Figure 3: Flotation “Boat”. The flotation boat is made by hot-gluing a dense sponge layer 
(yellow) to the underside of polystyrene walls (gray) to make a “boat”.  The light upper layer 
fluid will slowly diffuse through the sponge, floating on top of the dense lower layer with 
minimal mixing between the two layers.  The stratification can be further improved by placing a 
layer of tissue paper (blue) on top of the sponge layer to further diffuse the momentum of the 
incoming light fluid layer. 
 
Figure 4: A sequence of images of the developing instability from the second series of 
experiments demonstrating the effect of increasing rotation rate. The rates of rotation 
increase from Ω = 1.89 rad s-1 in the top row to Ω = 8.74 rad s-1 in the bottom row. The times 
shown are measured from the time that the onset of instability is observed. The scale bar 
shows a length of 10 cm in steps of 1 cm.  The diameter of the black circle represents a length 
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of 10.7 cm.  (This figure has been modified from 16.) 
 
Figure 5: A sequence of images showing the effect of varying fluid viscosity on the instability.  
The rotation rate was fixed at Ω = 7.8 ± 0.1 rad s-1 for each experiment, and the time shown is 
1.5 s after initiation in each image. The middle column shows the instability in a system that has 
viscosity approximately 8.36 times that of water. In the left hand column the viscosity of the 
system is approximately 20.50 times that of water. It can be seen that the observed length of 
the instability scale increases with increasing fluid viscosity.  The scale bar shows a length of 10 
cm in steps of 1 cm.  The diameter of the black circle represents a length of 10.7 cm.  (This 
figure has been modified from 16.) 
 
Figure 6: The dominant observed wavelength at the onset of the instability.  We observe a 
lower threshold for the scale of the instability at approximately 6 mm for all rotation rates 
greater than approximately 4 rad s-1.  The error bars indicate maximum and minimum 
measured wavelength over the first 2 seconds after initiation of the instability.  (This figure has 
been modified from 16.) 
 
DISCUSSION:  
There are two critical steps within the protocol.  The first is 2.1.6.4.  If the light layer is floated 
on the dense layer too rapidly then irreversible mixing of the two miscible fluid layers takes 
place.  It is essential that this is avoided and that a sharp (<2 mm) interface between the two 
layers is achieved.  The second critical step is 3.1.5.  If the experiment is released toward the 
magnet without being fully spun-up into solid body rotation or without the visualization and 
image capture apparatus in position and on stand-by then repeat the procedure (2.1.6). 
 
The composition of the liquid layers, the magnetic field strength and the motor performance 
can all be verified prior to beginning to make the stratification (2.1.6).  Most practical 
difficulties can therefore be resolved before commencing any given experiment.  We have 
found a small and undesirable variation in descent speed into the magnet field however.  
Typically, faster rotating experiments descend slightly more slowly into the magnetic field than 
slowly rotating experiments.  It may be necessary to modify the slip bearing though we found 
greasing did not help reduce the variability in descent speed.  We found that placing a small 
(non-magnetic) weight on the platform allowed us to achieve consistent descent speeds of 
10±1 mm s-1 for all of the experiments. 
 
The main limitation of the apparatus is that the magnetic field cannot be applied 
instantaneously; the superconducting magnet requires 1-2 hours to energize.  Ideally, once the 
fluid layers are spun-up we would instantly apply a strong uniform magnetic field to the tank to 
trigger the instability.  For this reason, in this experiment, the tank was lowered at uniform 
velocity into the magnetic field. 
 
Despite the necessity for lowering the experiment into the magnetic field, this technique has a 
number of advantages over established methods.  The method is both smooth, unlike rocketry 
methods2,  and requires no lock, as with LEM methods3, but unlike lock-release methods.  This 
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is a significant advantage in rotating Rayleigh-Taylor flow as the initial spun-up state of the fluid 
layers has a paraboloidal interface.  Furthermore, by not having a lock the difficulties associated 
with the imparted vortex sheet induced by lock-removal are avoided.  We believe our 
experiments to be the first experimental realization of the effects of rotation on the Rayleigh-
Taylor instability. 
 
Our technique has been developed with a view to applications in classical fluid mechanics thus 
far.  We have used weakly paramagnetic and diamagnetic liquids to manipulate the effective 
weight of fluid parcels.  We have, to date, been able therefore to consider the magnetic field 
and the fluid mechanics to be de-coupled.  Future directions for research using this technique 
include considering the behavior of ferrofluids and their interaction with the magnetic field in 
the rotating Rayleigh-Taylor instability set-up, where this de-coupling is no longer valid. 
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Material Safety Data Sheet
Manganese chloride tetrahydrate MSDS

Section 1: Chemical Product and Company Identification

Product Name: Manganese chloride tetrahydrate

Catalog Codes: SLM4063, SLM1915, SLM3289

CAS#: 13446-34-9

RTECS: OO9625000

TSCA: TSCA 8(b) inventory: Manganese chloride
tetrahydrate

CI#: Not available.

Synonym:  

Chemical Formula: MnCl2.4H2O

Contact Information:

Sciencelab.com, Inc.
14025 Smith Rd.
Houston, Texas 77396

US Sales: 1-800-901-7247
International Sales: 1-281-441-4400

Order Online: ScienceLab.com

CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300

International CHEMTREC, call: 1-703-527-3887

For non-emergency assistance, call: 1-281-441-4400

Section 2: Composition and Information on Ingredients

Composition:

Name CAS # % by Weight

Manganese chloride tetrahydrate 13446-34-9 100

Toxicological Data on Ingredients: Manganese chloride tetrahydrate: ORAL (LD50): Acute: 1454 mg/kg [Rat].

Section 3: Hazards Identification

Potential Acute Health Effects:
Very hazardous in case of ingestion. Hazardous in case of skin contact (irritant), of eye contact (irritant), of inhalation. Slightly
hazardous in case of skin contact (permeator).

Potential Chronic Health Effects:
CARCINOGENIC EFFECTS: Not available. MUTAGENIC EFFECTS: Not available. TERATOGENIC EFFECTS: Not available.
DEVELOPMENTAL TOXICITY: Not available. The substance is toxic to lungs, the nervous system, mucous membranes.
Repeated or prolonged exposure to the substance can produce target organs damage.

Section 4: First Aid Measures

Eye Contact:
Check for and remove any contact lenses. Immediately flush eyes with running water for at least 15 minutes, keeping eyelids
open. Cold water may be used. Do not use an eye ointment. Seek medical attention.

MnCl MSDS Click here to download Excel Spreadsheet- Table of
Materials/Equipment MnCl_msds.pdf

http://www.sciencelab.com/
http://www.editorialmanager.com/jove/download.aspx?id=553914&guid=cf57b8e4-bd37-4d99-81f0-578f50167e14&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=553914&guid=cf57b8e4-bd37-4d99-81f0-578f50167e14&scheme=1
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Skin Contact:
After contact with skin, wash immediately with plenty of water. Gently and thoroughly wash the contaminated skin with running
water and non-abrasive soap. Be particularly careful to clean folds, crevices, creases and groin. Cold water may be used.
Cover the irritated skin with an emollient. If irritation persists, seek medical attention.

Serious Skin Contact:
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek immediate medical
attention.

Inhalation: Allow the victim to rest in a well ventilated area. Seek immediate medical attention.

Serious Inhalation: Not available.

Ingestion:
Do not induce vomiting. Examine the lips and mouth to ascertain whether the tissues are damaged, a possible indication that
the toxic material was ingested; the absence of such signs, however, is not conclusive. Loosen tight clothing such as a collar,
tie, belt or waistband. If the victim is not breathing, perform mouth-to-mouth resuscitation. Seek immediate medical attention.

Serious Ingestion: Not available.

Section 5: Fire and Explosion Data

Flammability of the Product: Non-flammable.

Auto-Ignition Temperature: Not applicable.

Flash Points: Not applicable.

Flammable Limits: Not applicable.

Products of Combustion: Not available.

Fire Hazards in Presence of Various Substances: Not applicable.

Explosion Hazards in Presence of Various Substances:
Risks of explosion of the product in presence of mechanical impact: Not available. Risks of explosion of the product in
presence of static discharge: Not available.

Fire Fighting Media and Instructions: Not applicable.

Special Remarks on Fire Hazards: Not available.

Special Remarks on Explosion Hazards: Not available.

Section 6: Accidental Release Measures

Small Spill:
Use appropriate tools to put the spilled solid in a convenient waste disposal container. Finish cleaning by spreading water on
the contaminated surface and dispose of according to local and regional authority requirements.

Large Spill:
Use a shovel to put the material into a convenient waste disposal container. Finish cleaning by spreading water on the
contaminated surface and allow to evacuate through the sanitary system. Be careful that the product is not present at a
concentration level above TLV. Check TLV on the MSDS and with local authorities.

Section 7: Handling and Storage

Precautions:
Do not ingest. Do not breathe dust. Wear suitable protective clothing In case of insufficient ventilation, wear suitable
respiratory equipment If ingested, seek medical advice immediately and show the container or the label. Avoid contact with
skin and eyes
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Storage:
No specific storage is required. Use shelves or cabinets sturdy enough to bear the weight of the chemicals. Be sure that it is
not necessary to strain to reach materials, and that shelves are not overloaded.

Section 8: Exposure Controls/Personal Protection

Engineering Controls:
Use process enclosures, local exhaust ventilation, or other engineering controls to keep airborne levels below recommended
exposure limits. If user operations generate dust, fume or mist, use ventilation to keep exposure to airborne contaminants
below the exposure limit.

Personal Protection:
Splash goggles. Lab coat. Dust respirator. Be sure to use an approved/certified respirator or equivalent. Gloves.

Personal Protection in Case of a Large Spill:
Splash goggles. Full suit. Dust respirator. Boots. Gloves. A self contained breathing apparatus should be used to avoid
inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling this
product.

Exposure Limits:
TWA: 1 STEL: 3 (mg/m3) from ACGIH Consult local authorities for acceptable exposure limits.

Section 9: Physical and Chemical Properties

Physical state and appearance: Solid.

Odor: Not available.

Taste: Not available.

Molecular Weight: 197.9 g/mole

Color: Not available.

pH (1% soln/water): Not available.

Boiling Point: 1190°C (2174°F)

Melting Point: 58°C (136.4°F)

Critical Temperature: Not available.

Specific Gravity: 2.01 (Water = 1)

Vapor Pressure: Not applicable.

Vapor Density: Not available.

Volatility: Not available.

Odor Threshold: Not available.

Water/Oil Dist. Coeff.: Not available.

Ionicity (in Water): Not available.

Dispersion Properties: See solubility in water.

Solubility: Easily soluble in cold water.

Section 10: Stability and Reactivity Data

Stability: The product is stable.
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Instability Temperature: Not available.

Conditions of Instability: Not available.

Incompatibility with various substances: Not available.

Corrosivity: Non-corrosive in presence of glass.

Special Remarks on Reactivity: Not available.

Special Remarks on Corrosivity: Not available.

Polymerization: No.

Section 11: Toxicological Information

Routes of Entry: Eye contact. Inhalation. Ingestion.

Toxicity to Animals: Acute oral toxicity (LD50): 1454 mg/kg [Rat].

Chronic Effects on Humans: The substance is toxic to lungs, the nervous system, mucous membranes.

Other Toxic Effects on Humans:
Very hazardous in case of ingestion. Hazardous in case of skin contact (irritant), of inhalation. Slightly hazardous in case of
skin contact (permeator).

Special Remarks on Toxicity to Animals: Not available.

Special Remarks on Chronic Effects on Humans: Animal embryotoxic.

Special Remarks on other Toxic Effects on Humans: Not available.

Section 12: Ecological Information

Ecotoxicity: Not available.

BOD5 and COD: Not available.

Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.

Toxicity of the Products of Biodegradation: The products of degradation are more toxic.

Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations

Waste Disposal:

Section 14: Transport Information

DOT Classification: Not a DOT controlled material (United States).

Identification: Not applicable.

Special Provisions for Transport: Not applicable.

Section 15: Other Regulatory Information
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Federal and State Regulations:
Pennsylvania RTK: Manganese chloride tetrahydrate Massachusetts RTK: Manganese chloride tetrahydrate TSCA 8(b)
inventory: Manganese chloride tetrahydrate SARA 313 toxic chemical notification and release reporting: Manganese chloride
tetrahydrate

Other Regulations: OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200).

Other Classifications:

WHMIS (Canada): CLASS D-2A: Material causing other toxic effects (VERY TOXIC).

DSCL (EEC):
R22- Harmful if swallowed. R36/38- Irritating to eyes and skin.

HMIS (U.S.A.):

Health Hazard: 2

Fire Hazard: 0

Reactivity: 0

Personal Protection: E

National Fire Protection Association (U.S.A.):

Health: 2

Flammability: 0

Reactivity: 0

Specific hazard:

Protective Equipment:
Gloves. Lab coat. Dust respirator. Be sure to use an approved/certified respirator or equivalent. Wear appropriate respirator
when ventilation is inadequate. Splash goggles.

Section 16: Other Information

References: Not available.

Other Special Considerations: Not available.

Created: 10/09/2005 06:03 PM

Last Updated: 05/21/2013 12:00 PM

The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume
no liability resulting from its use. Users should make their own investigations to determine the suitability of the information for
their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any third party or for
lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if ScienceLab.com
has been advised of the possibility of such damages.



Name of Reagent/ Equipment Company Catalog Number Comments/Description

Blue water tracing dye Cole-Parmer 00295-18

Red water tracing dye Cole-Parmer 00295-16

Sodium Chloride >99% purity

Manganese Chloride Tetrahydrate See MSDS

Fluorescein sodium salt 

Magnet Cryogenic Ltd. London

Excel Spreadsheet- Table of Materials/Equipment Click here to download Excel Spreadsheet- Table of Materials/Equipment JoVE
Materials Template.xls
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ARTICLE AND VIDEO LICENSE AGREEMENT - UK 

Title of Article: 

Author(s): 

Item  1  (check  one  box):  The  Author  elects  to  have  the  Materials  be  made  available  (as  described  at  

 http://www.jove.com/publish ) via:  Standard Access  Open Access 
  

Item 2 (check one box): 

The Author is NOT a United States government employee. 

The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

ARTICLE AND VIDEO LICENSE AGREEMENT 

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following 
meanings: “Agreement” means this Article and Video License 
Agreement; “Article” means the article specified on the last 
page of this Agreement, including any associated materials 
such as texts, figures, tables, artwork, abstracts, or summaries 
contained therein; “Author” means the author who is a 
signatory to this Agreement; “Collective Work” means a work, 
such as a periodical issue, anthology or encyclopedia, in which 
the Materials in their entirety in unmodified form, along with 
a number of other contributions, constituting separate and 
independent works in themselves, are assembled into a 
collective whole; “CRC License” means the Creative Commons  
Attribution 3.0 Agreement, the terms and conditions of which 
can be found at: 
http://creativecommons.org/licenses/by/3.0/us/legalcode; 
“Derivative Work” means a work based upon the Materials or 
upon the Materials and other pre-existing works, such as a 
translation, musical arrangement, dramatization, 
fictionalization, motion picture version, sound recording, art 
reproduction, abridgment, condensation, or any other form in 
which the Materials may be recast, transformed, or adapted; 
“Institution” means the institution, listed on the last page of 
this Agreement, by which the Author was employed at the 
time of the creation of the Materials; “JoVE” means MyJove 
Corporation, a Massachusetts corporation and the publisher of 
The Journal of Visualized Experiments;  
“Materials” means the Article and / or the Video; “Parties” 
means the Author and JoVE; “Video” means any video(s) made 
by the Author, alone or in conjunction with any other parties, 
or by JoVE or its affiliates or agents, individually or in 
collaboration with the Author or any other parties, 
incorporating all or any portion of the Article, and in which the 
Author may or may not appear. 
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the 
Article, desires to have the JoVE publish the Article and create 
and transmit videos based on the Article. In furtherance of 
such goals, the Parties desire to memorialize in this 
Agreement the respective rights of each Party in and to the 
Article and the Video.  

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE, 
subject to Sections 4 and 7 below, the exclusive, royalty-free, 
perpetual (for the full term of copyright in the Article, 
including any extensions thereto) license (a) to publish, 
reproduce, distribute, display and store the Article in all forms, 
formats and media whether now known or hereafter 
developed (including without limitation in print, digital and 
electronic form) throughout the world, (b) to translate the 
Article into other languages, create adaptations, summaries or 
extracts of the Article or other Derivative Works (including, 
without limitation, the Video) or Collective Works based on all 
or any portion of the Article and exercise all of the rights set 
forth in (a) above in such translations, adaptations, summaries, 
extracts, Derivative Works or Collective Works and  

(c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically necessary 
to exercise the rights in other media and formats. If the “Open 
Access” box has been checked in Item 1 above, JoVE and the 
Author hereby grant to the public all such rights in the Article 
and Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License.  

4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the 

Magnetically-Induced Rotating Rayleigh-Taylor Instability
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Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the  
Institution’s website or the Author’s personal website, in each 
case provided that a link to the Article on the JoVE website is 
provided and notice of JoVE’s copyright in the Article is 
included. All non-copyright intellectual property rights in and 
to the Article, such as patent rights, shall remain with the 
Author. 
 
5. Grant of Rights in Video – Standard Access. This Section 5 
applies if the “Standard Access” box has been checked in Item   
1 above or if no box has been checked in Item 1 above. In 
consideration of JoVE agreeing to produce, display or 
otherwise assist with the Video, the Author hereby 
acknowledges and agrees that, Subject to Section 7 below, 
JoVE is and shall be the sole and exclusive owner of all rights 
of any nature, including, without limitation, all copyrights, in 
and to the Video. To the extent that, by law, the Author is 
deemed, now or at any time in the future, to have any rights 
of any nature in or to the Video, the Author hereby disclaims 
all such rights and transfers all such rights to JoVE.  

 
6. Grant of Rights in Video – Open Access. This Section 6 
applies only if the “Open Access” box has been checked in   
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author hereby 
grants to JoVE, subject to Section 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to publish, 
reproduce, distribute, display and store the Video in all forms, 
formats and media whether now known or hereafter 
developed (including without limitation in print, digital and 
electronic form) throughout the world, (b) to translate the 
Video into other languages, create adaptations, summaries or 
extracts of the Video or other Derivative Works or Collective 
Works based on all or any portion of the Video and exercise all 
of the rights set forth in (a) above in such translations, 
adaptations, summaries, extracts, Derivative Works or 
Collective Works and (c) to license others to do any or all of 
the above. The foregoing rights may be exercised in all media 
and formats, whether now known or hereafter devised, and 
include the right to make such modifications as are technically 
necessary to exercise the rights in other media and formats.  

 
7. Government Employees. If the Author is a United States 
government employee and the Article was prepared in the 
course of his or her duties as a United States government 
employee, as indicated in Item 2 above, and any of the 
licenses or grants granted by the Author hereunder exceed the 
scope of the 17 U.S.C. 403, then the rights granted hereunder 
shall be limited to the maximum rights permitted under such 
statute. In such case, all provisions contained herein that are 
not in conflict with such statute shall remain in full force and 
effect, and all provisions contained herein that do so conflict  
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shall be deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
 
8. Likeness, Privacy, Personality. The Author hereby grants 
JoVE the right to use the Author’s name, voice, likeness, 
picture, photograph, image, biography and performance in any 
way, commercial or otherwise, in connection with the 
Materials and the sale, promotion and distribution thereof. 
The Author hereby waives any and all rights he or she may 
have, relating to his or her appearance in the Video or 
otherwise relating to the Materials, under all applicable 
privacy, likeness, personality or similar laws.  

 
9. Author Warranties. The Author represents and warrants 
that the Article is original, that it has not been published, that 
the copyright interest is owned by the Author (or, if more than 
one author is listed at the beginning of this Agreement, by 
such authors collectively) and has not been assigned, licensed, 
or otherwise transferred to any other party. The Author 
represents and warrants that the author(s) listed at the top of 
this Agreement are the only authors of the Materials. If more 
than one author is listed at the top of this Agreement and if 
any such author has not entered into a separate Article and 
Video License Agreement with JoVE relating to the Materials, 
the Author represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them had 
been a party hereto as an Author. The Author warrants that 
the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, infringe 
and/or misappropriate the patent, trademark, intellectual 
property or other rights of any third party. The Author 
represents and warrants that it has and will continue to 
comply with all government, institutional and other 
regulations, including, without limitation all institutional, 
laboratory, hospital, ethical, human and animal treatment, 
privacy, and all other rules, regulations, laws, procedures or 
guidelines, applicable to the Materials, and that all research 
involving human and animal subjects has been approved by 
the Author's relevant institutional review board.  

 
10. JoVE Discretion. If the Author requests the assistance of 
JoVE in producing the Video in the Author’s facility, the Author 
shall ensure that the presence of JoVE employees, agents or 
independent contractors is in accordance with the relevant 
regulations of the Author's institution. If more than one author 
is listed at the beginning of this Agreement, JoVE may, in its 
sole discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such author. 
JoVE reserves the right, in its absolute and sole discretion and 
without giving any reason therefore, to accept or decline any 
work submitted to JoVE. JoVE and its employees, agents and 
independent contractors shall have full, unfettered access to 
the facilities of the Author or of the Author’s institution as 
necessary to make the Video, whether actually published or 
not. JoVE has sole discretion as to the method of making and 
publishing the Materials, including,  
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without limitation, to all decisions regarding editing, lighting, 
filming, timing of publication, if any, length, quality, content 
and the like. 

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all 
claims, costs, and expenses, including attorney’s fees, arising 
out of any breach of any warranty or other representations 
contained herein. The Author further agrees to indemnify and 
hold harmless JoVE from and against any and all claims, costs, 
and expenses, including attorney’s fees, resulting from the 
breach by the Author of any representation or warranty 
contained herein or from allegations or instances of violation 
of intellectual property rights, damage to the Author’s or the  
Author’s institution’s facilities, fraud, libel, defamation, 
research, equipment, experiments, property damage, personal 
injury, violations of institutional, laboratory, hospital, ethical, 
human and animal treatment, privacy or other rules, 
regulations, laws, procedures or guidelines, liabilities and 
other losses or damages related in any way to the submission 
of work to JoVE, making of videos by JoVE, or publication in 
JoVE or elsewhere by JoVE. The Author shall be responsible 
for, and shall hold JoVE harmless from, damages caused by 
lack of sterilization, lack of cleanliness or by contamination 
due to the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the responsibility 
of the Author and shall be undertaken at the Author’s 
expense. All indemnifications provided herein shall include 
JoVE’s attorney’s fees and costs related to said losses or 

damages. Such indemnification and holding harmless shall 
include such losses or damages incurred by, or in connection 
with, acts or omissions of JoVE, its employees, agents or 
independent contractors. 

12. Fees. To cover the cost incurred for publication, JoVE
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Line-by-line response letter to the editorial comments:  
M. Scase, K. Baldwin, R. Hill 

 
•NOTE: Please download this version of the Microsoft word document (File 
name: 55088_R1_062916) for any subsequent changes. Please keep in 
mind that some editorial changes have been made prior to peer review.   
I have done this.                 
 
•Please keep the editorial comments from your previous revisions in mind as you 
revise your manuscript to address peer review comments. For instance, if 
formatting or other changes were made, commercial language was removed, 
etc., please maintain these overall manuscript changes.  
I have done this. 
 
•Formatting:   
-Please use italics for Latin phrases (ex situ, etc.). 
I have done this. 
  -Please include spaces between all bullet points in the protocol. 
I have done this. 
  -Please include spaces between numbers and units.   
I have done this. 
-Please number steps sequentially. For example, there are two steps 2.2.2.   
I have done this. 
-3.1.1 – Please define all the terms in the equation. 
I have done this. 
-References – Please abbreviate all journal titles.     
I have done this. 
 
•Grammar:  -1.1.1 – Please use imperative tense or convert to a note. 
I have done this. 
  -Line 159 – “so no do not carry”   
I have removed “no” such that it reads “so do not carry…”. 
-Line 346 – “with being fully spun-up into solid body rotation”   
I have changed “with” to “without”. 
-Line 360 – Please use American English – “energise” should be “energize”.     
I have changed “energise” to “energize”. 
 
•Additional detail is required: 
  -2.1.5 – What viscosities are used in the example? Do they differ between the 
two solutions? 
The viscosity of each layer is identical.  Differing amounts of glycerol may be 
added according to the experiment, the range of values used is stated. 
  -2.2.2 (2nd one) – What final rotation rate was used? 
This is now 2.2.3, the maximum rotation rate has been stated. 
  -3.1.1 – Please define all terms in the equation.   
I have now defined the term in the equation. 
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-3.1.2 – What are the correct levels? 
I have reordered  3.1.2 and 3.1.3 and stated that the lighting should be such that 
the camera does not saturate. 
  -4.1.4 – How is this done? 
This procedure is now explained. 
 
•If your figures and tables are original and not published previously, please 
ignore this comment. For figures and tables that have been published before, 
please include phrases such as “Re-print with permission from (reference#)” or 
“Modified from..” etc. And please send a copy of the re-print permission for 
JoVE’s record keeping purposes. 
Figures 2, 4, 5, and 6 are modified from Reference 16, which is published under 
a Creative Commons Attribution 4.0 International License.  The images may be 
freely modified and published. 
                                                      
•JoVE reference format requires that the DOIs are included, when available, for 
all references listed in the article. This is helpful for readers to locate the included 
references and obtain more information. Please note that often DOIs are not 
listed with PubMed abstracts and as such, may not be properly included when 
citing directly from PubMed. In these cases, please manually include DOIs in 
reference information.    
I have manually included DOIs for every reference. 
 
•IMPORTANT: Please copy-edit the entire manuscript for any grammatical errors 
you may find. The text should be in American-English only. This editing should 
be performed by a native English speaker (or professional copyediting services) 
and is essential for clarity of the protocol and the manuscript. Please thoroughly 
review the language and grammar prior to resubmission. Your JoVE editor will 
not copy-edit your manuscript and any errors in your submitted revision may be 
present in the published version.    
I have done this.                                                         
 
•NOTE: Please include a line-by-line response letter to the editorial and reviewer 
comments along with the resubmission.  
Please consider this document a line-by-line response letter to the editorial 
comments only. 

 



Line-by-line response letter to Referee #1: M. Scase, K. Baldwin, R. Hill 
 
Manuscript Summary:   
Correct and complete     
No response required. 
 
Major Concerns:   
Interesting experimental technique giving a room to control "the specific weights" 
of fluids. Clear visualization of the flow structure.     
No response required. 
 
Minor Concerns: 
  No response required. 
 
Additional Comments to Authors:   
How the stability of interface in state of solid state rotation was controlled? Often 
different kind of waves propagate along interface in rotating fluids.     
No further explicit control is required provided the rotation axis is vertical and the 
motor provides a constant rate of rotation.  The stratification is stable, and the 
spin-up time sufficiently long that the only waves on the interface are extremely 
low-amplitude and on the scale of the tank diameter — these modes do not 
influence the formation of the Rayleigh-Taylor instability. 
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Line-by-line response letter to Referee #2: M. Scase, K. Baldwin, R. Hill 
 
Manuscript Summary:   
After much effort, I understood the concept of the experiment. This difficulty for 
me indicates the need for a clearer explanation by the authors. I suggest that the 
authors revise the text by giving the main ideas much more clearly before they 
get into the details of the protocol.   
I suggest that the main text say more clearly that:   
1. Initially, the top layer is less dense than the bottom layer so system is Rayleigh 
Taylor stable.   
This has been added [line 48-49]. 
2. Top layer is paramagnetic, bottom layer is diamagnetic   
This was already in the text [line 53-54]. 
3. When the system descends into strong magnetic field, the paramagnetic top 
layer is attracted to field so it behaves as if it is heavier than it really is. At the 
same time, when the system descends, the diamagnetic bottom layer is repelled 
by the magnetic field so it behaves as if it is lighter than it really is. 
This has been added [line 55-56]. 
  4. If the magnetic effects are sufficiently strong, the top layer becomes heavier 
than the bottom layer and the system becomes RT unstable.   
This has been added [line 56-58]. 
5. The system is designed so it can be rotating so effect of rotation can be 
studied.   
This has been added [line 44-45]. 
 
The amount of body force should be estimated using the magnetic field 
(gradient?) and the paramagnetism and diamagnetism of the chemical additives. 
Formulae for calculating the body force should be provided. What is the effective 
density of each fluid when in the magnetic field?     
This information has been added [lines 106-111]. 
 
The purpose and geometrical location of the flotation boat is not clear. Figure 1 
does not show the flotation boat and it is not evident what the floatation boat has 
to do with Fig. 1. 
The purpose of the flotation boat is to allow the creation of the stable 
stratification.  You are correct that the flotation boat has nothing to do with Fig. 1, 
it is used only to prepare the liquid layers. 
 
  The reason for a sponge at the bottom of the flotation boat is not clear.   
The purpose of the sponge is to allow the lighter fluid to escape from the boat 
and form the lighter layer in the experimental tank.  A line has been added to this 
effect [line 351 – 353]. 
 
There is no discussion of what happens when there is no magnetic field.   
Without the magnetic field the relative weights of the fluids cannot be 
manipulated and so the fluid remains spinning in a stable configuration.  There is 
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no growth of perturbations at the interface. 
 
What is meant by a room temperature vertical bore. Why is this bore off center?   
The bore is open to the laboratory.  The bore is off-centre due to the internal 
design of the magnet. 
 
In general, this paper gives detailed protocols and qualitative observations, but 
lacks an easy to understand description of what is really happening and also 
lacks quantitative analysis of the observations. The paper could give the 
expected RT growth rate with and without rotation, and compare the observed 
inhibiting effect of rotation to predictions. Without this, there is the possibility of a 
large quantitative disagreement between the experiment and theoretical 
predictions.     
We believe that the purpose of the present Journal is primarily to give detailed 
protocols for reproducing the experiments.  Quantitative data is provided in Fig. 
6, but is not the primary focus of the manuscript.  Further analysis of the results 
can be found in Reference 16 and is not duplicated herein. 
 
Major Concerns:   
N/A     
No response is required. 
 
Minor Concerns:   
N/A     
No response is required. 
 
Additional Comments to Authors:   
N/A 
No response is required. 

 


